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OPERATORS SAFETY SUMMARY 

This general safety information is for both operating and servicing personnel. Specific warnings and cautions will be found 
throughout the manual where they apply, but may not appear in this summary. 

TERMS 

IN THIS MANUAL 

CAUTION statements identify conditions or practices that 
can result in damage to the equipment or other property. 

WARNING statements identify conditions or practices that 
can result in personal injury or loss of life. 

AS MARKED ON EQUIPMENT 

CAUTION indicates a personal injury hazard not immedi
ately accessible as one reads the marking, or a hazard to 
property including the equipment itself. 

DANGER indicates a personal injury hazard immediately 
accessible as one reads the marking. 

SYMBOLS 

IN THIS MANUAL 

.tj\ This symbol indicates where applicable cautionary or 
~ other information is to be found. 

As Marked on Equipment 

~ DANGER high voltage. 

@ Protective ground (earth) terminal. 

& ATIENTION - refer to manual. 

Q) Refer to manual. 

xiii 

POWER SOURCE 

This product is designed to operate from a power source 
that does not apply more than 250 volts rms between the 
supply conductors or between either supply conductor and 
ground. A protective ground connection by way of the 
grounding conductor in the power cord is essential for safe 
operation. 

GROUNDING THE PRODUCT 

This product is grounded through the grounding conductor 
of the power cord. To avoid electrical shock, plug the power 
cord into a properly wired receptacle before connecting to 
the power input or output terminals. A protective ground 
connection by way of the grounding conductor in the power 
cord is essential for safe operation. 

DANGER ARISING FROM 
LOSS OF GROUND 

Upon loss of the protective-ground connection, all accessi
ble conductive parts (including knobs and controls that may 
appear to be insulating) can render an electric shock. 

USE THE PROPER POWER CORD 

Use only the power cord and connector specified for your 
product. 

Use only a power cord that is in good condition. 

Refer cord and connector changes to qualified service per
sonnel. 
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OPERATORS SAFETY SUMMARY 

USE THE PROPER FUSE 

To avoid fire hazard, use only the fuse specified in the parts 
list for your product, and which is identical in type, voltage 
rating, and current rating. 

Refer fuse replacement to qualified service personnel. 

DO NOT OPERATE IN 
EXPLOSIVE ATMOSPHERES 

To avoid explosion, do not operate this product in an atmo
sphere of explosive gases unless it has been specifically 
certified for such operation. 

4404 COMPONENT-LEVEL SERVICE 

DO NOT REMOVE COVERS OR PANELS 

To avoid personal injury, do not remove the product covers 
or panels. Do not operate the product without the covers 
and panels properly installed. 
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SERVICE SAFETY SUMMARY 

FOR QUALIFIED SERVICE PERSONNEL ONLY 

Refer also to the preceding Operators Safety Summary. 

DO NOT SERVICE ALONE 

Do not perform internal service or adjustment of this prod
uct unless another person capable of rendering first aid and 
resuscitation is present. 

USE CARE WHEN SERVICING 
WITH POWER ON 

Dangerous voltages may exist at several points in this prod
uct. To avoid personal injury, do not touch exposed connec
tions and components while power is on. 

Disconnect power before removing the power supply shield, 
soldering, or replacing components. 

DO NOT WEAR JEWELRY 

Remove jewelry prior to servicing. Rings, necklaces, and 
other metallic objects could come into contact with danger
ous voltages and currents. 

X·RADIATION 

X-ray emission generated within this instrument has been 
sufficiently shielded. Do not modify or otherwise alter the 
high voltage circuitry or the CRT enclosure. 

xv 

POWER SOURCE 

This product is intended to operate from a power source 
that will not apply more than 250 volts rms between the sup
ply conductors or between either supply conductor and 
ground. A protective ground connection by way of the 
grounding conductor in the power cord is essential for safe 
operation. 

HANDLING 

Due to the wieght of the Display Module, and its component 
subassemblies, at least two persons are required to perform 
installatin or service to prevent injury to personnel or dam
age to the Display Module. 

IMPLOSION PROTECTION 

Whenever the implosion shield is removed from the CRT, 
protection against implosion hazard is reduced. Service 
personnel should wear full face masks and protective cloth
ing at any time the CRT is removed from the CRT module or 
the implosion shield is not in place. 
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Section 1 

INTRODUCTION 

GENERAL INFORMATION 

The 4404 Artificial Intelligence System (hereafter called the 
4404) is a single-user, artificial-intelligence-oriented computer 
that has circuitry specially designed to deliver very good 
performance for the Smalltalk-80 (TM) system. The Smalltalk-80 
(TM) language and programming environment makes fast program 
development easy, and is especially suited to simulation and 
highly graphical user-interface application programs. 

The programmer may also use two optionally available artificial 
intelligence (AI) languages: Lisp and Prolog. Lisp is the 
traditionally used AI language. Prolog is a more recently 
developed AI language. These both include their own program 
development environments. 

In addition to Lisp and Prolog, the 4404 also supports the C 
language and a multi-tasking operating system that provides a 
hierarchical file system with process control. The 4404 also has 
terminal emulation software that allows it to communicate with a 
host computer through the 4404's RS-232-C port. 

Physically, the 4404 consists of a display/CPU unit, a mass 
storage unit (MSU), a mouse, and a keyboard. The display/CPU unit 
has a processor board and an I/O board. The unit can accept as 
options an Ethernet (TM) circuit board and an additional 
1-megabyte memory board. 

The main processor is a 68010 microprocessor that implements an 
eight-megabyte virtual memory scheme via demand paging software. 

The I/O board supports one RS-232-C port and one 
centronics-compatible printer port. 

The MSU contains a 40-megabyte hard disk drive, a 5.25 inch disk 
drive, and associated circuitry to communicate with the 
display/CPU unit over a SCSI (Small Computer Systems Interface) 
cable and connectors. 

The mouse is a three-button mechanical device used primarily 
with the Smalltalk-80 (TM) system. 
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SECTION 1 
Introduction 

The keyboard attaches to the display/CPU via a cord and serves as 
the primary means of user input for the 4404 operating system and 
language environments. The keyboard has a joydisk and 12 
programmable keys in addition to the ordinary ASCII keys and a 
14-key keypad. 

USING THIS MANUAL 

This manual is intended for use by senior technicians to make 
component-level repairs on the 4404. The manual contains 
detailed descriptions of circuitry, ~heory of operation, and 
block diagrams of major components. 

Because the 4404 is primarily a software-driven system, you 
should be reasonably familiar with the operating system in order 
to diagnose and repair the 4404. (Also, at times, familiarity 
with the various supported languages is helpful~) 

You should use this manual in conjunction with the 4404 
Artificial Intelligence System Field Service Manual and the 
4404 Artificial Intelligence System Users Manual. 

RELATED DOCUMENTS 

The following documents contain detailed information on the use 
and installation of the 4404 AI System and its options. 

o 4404 Artificial Intelligence System Users Manual 

o 4404 Artificial Intelligence System Field Service Manual 

o 4404 Artificial Intelligence System Reference Manual 

o 4404 Artificial Intelligence System Introduction To 
Small talk-80 (TM) Manual 

o 4400P30 Lisp Programmers Reference Manual 

o 4400P31 Prolog Programmers Reference Manual 

o 4400P32 EMACS Users Manual 

In addition to consulting these documents, it may be helpful to 
consult the vendor's component reference books for the various 
microprocessors used in the 4404. 
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Section 2 

THEORY OF OPERATION 

INTRODUCTION 

This section discusses the theory of operation for the 4404 
Artificial Intelligence System. When used in conjunction with 
the 4404 Field Service Manual, it provides the service person 
with the information needed to understand and troubleshoot the 
system. 

The theory write-up presents an overall view of the system, and 
explains the separate functions of each major module or board. 

The reader should be generally knowledgeable about basic digital 
design. Certain abbreviations and acronyms have found their way 
into common usage in the industry. Such terminology is used 
(sparingly) because most digital-service technicians are aware of 
these terms. 

This section includes many illustrations and diagrams. The block 
diagrams present conceptual information, while the schematic and 
timing diagrams emphasize operating characteristics. 

NOTE 

The schematics are included for functional 
reference only. The detailed schematics in 
Section 6 of this manual should be used for 
troubleshooting the system. 

OVERVIEW 

The display/CPU, the keyboard, the mechanical mouse, and the mass 
storage unit comprise the 4404 Artificial Intelligence System. 
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SECTION 2.0 
Introduction to Theory 

DISPLAY/CPU 

The Display/CPU is the heart of the 4404 system. The major 
modules contained in this unit (and detailed in the indicated 
subsections) are: 

0 CPU Board (see Section 2.1 ) 

0 I/O Board (see Section 2.2) 

0 Memory Expansion Board (see Section 2.3) 

0 Power Supply (see Section 2.4) 

0 Video Display Monitor (see Section 2.5) 

KEYBOARD 

The detached keyboard is a separate module. It is discussed in 
Section 2.6. 

MOUSE 

A mechanical mouse (pointing device) interfaces to the 4404 
through a set of coded signals. A circuit on the I/O board 
decodes these signals; therefore, the I/O board description 
includes a discussion of the mouse function. 

MASS STORAGE UNIT 

The standard Mass Storage Unit of the 4404 interfaces to the 
Display/CPU through the Small Computer Standard Interface (SCSI). 
The major components of this unit are: 

o 5 1/4" Floppy Disk Drive 

o Floppy Disk Drive Controller Board 

o Hard Disk Drive 

o Hard Disk Drive Controller Board 

o Power Supply 

2.0-2 4404 COMPONENT-LEVEL SERVICE 



Section 2.1 

CPU BOARD THEORY 

GENERAL 

The block diagram in Figure 2.1-1 shows the major functions of 
the CPU Board. The CPU Board contains the CPU (processor) and 
its interface, memory management, system memory, floating point 
co-processor, sound generator, and video display circuitry. 
These functions are tightly coupled with no intervening backplane 
to achieve maximum performance. The CPU Board connects to the 
I/O Board through a single connector. A second connector 
provides for the Memory Expansion Board which contains an 
additional 1 megabyte of memory. 

BOARD FUNCTIONS 

The 4404 incorporates the latest high-performance VLSI (Very 
Large Scale Integrated) components. The 4404 architecture allows 
the Motorola 68010 microprocessor to operate at full speed with 
no wait states for memory accesses. A co-processor chip performs 
IEEE floating point operations. 

The 68010 facilitates demand-paged virtual memory, giving the 
user an 8-Mbyte logical address space for program development. 
This means that program segmentation and overlays are 
unnecessary. The 1-Mbyte physical memory minimizes page swapping 
for increased performance in the virtual memory environment. 
The 4404 CPU runs through a virtual memory circuit which is a 
chip with a discrete memory implementation. 

There are fundamentally 4 buses in the system. Because the 4404 
is a computer it has an address bus and a data bus. The 68010 
processor uses an address bus that is 23 bits wide and a data bus 
that is 16 bits wide. There are system enables, decodes strobes 
to control the bus. There is an interrupt bus for control signals 
and strobes coming back to the processor. 

Figure 2.1-2 shows the 4 system buses and the blocks that connect 
to them. The 68010 is somewhat isolated from the addr(~ss bus by 
the memory management circuit. 
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SECTION 2.1 
CPU Theory 
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SECTION 2.1 
CPU Theory 

The display memory arbitration or view port circuit is included 
in the Screen Refresh block. 

One megabyte of memory is implemented on the CPU board. This 
memory is implemented with 256K bit dynamic RAM chips as 512K 
words of 16 bits each. The memory requires no wait states even 
with memory management enabled. There is some ROM which gets 
booted up and to get started. A provision has been made for an 
additional megabyte of RAM in system memory. 

The sound generator is on the main board, and goes off the main 
board to the I/O board for amplification. 

The following sections will be discussed in greater detail: 

o 68010 CPU Block 

o Clock Oscillator and Reset Circuit 

o CPU and Buffering 

o Memory Management Block 

o Boot ROM 

o Address Decoding and Interrupt Block 

o Memory Management 

o Floating Point Co-Processor 

o Sound Generator Block 

o Video Display 
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68010 CPU BLOCK 

SECTION 2.1 
CPU Theory 

The 4404 CPU is a Motorola 10MHz Mc6s010 32 bit microprocessor. 
This microprocessor has a 16 megabyte address range and a 16 bit 
data bus. Interrupts are provided by the 6S010's 
"auto-vectoring" mechanism. Bus fault detection is implemented 
for memory management control and nonexistent device protection. 
Read only memory is provided as part of the processor interface 
for automatic system start up and self test. Direct memory access 
by peripherals is supported on the physical address bus for fast 
I/O and mass storage. 

SIGNAL AND BUS OPERATION 

The 6S010 is a 16-data bit, 23-address bit microprocessor. The 
input and output signals can be grouped in eight categories. The 
following discussion provides a brief description of the signals 
in each group. 

Address Bus (A1 through A23). 

The address bus is a unidirectional, tri-state, 23-bit bus, that 
can address S megawords of data providing address information for 
bus operation during all cycles except CPU space cycles. 

Data Bus (DO through D15). 

The data bus is a 16-bit, bi-directional, three-state bus which 
is the general purpose data path. It can transmit and accept data 
in either byte (S-bit) or word (16-bit) lengths. 

Asynchronous Bus Control. 

Asynchronous data transfers are handled using the following 
control signals: Address Strobe, Read/Write, Upper and Lower data 
Strobes, and Data Transfer ACKnowledge. These signals are 
discussed in the following paragraphs. 

Address Strobe (AS). This signal indicates that there is 
a valid address on the address bus. 

Read/Write (R/W). This signal defines the data bus 
transfer as a read or write cycle. The R+W signal also works in 
conjunction with the upper and lower data strobes as explained in 
the next paragraph. 
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SECTION 2.1 
CPU Theory 

Upper and Lower Data Strobes (UDS and LOS). These 
signals control the data on the data bus. When the R/W line is 
high, the processor will read from the data bus as indicated. 
When the R/W line is low, the processor will write to the data 
bus as shown. 

Data Transfer Acknowledge (DTACK). This input indicates 
that a data transfer is completed. When the processor recognizes 
DTACK during a read cycle, data is latched and one clock cycle 
later the bus cycle is terminated. When DTACK is recognized 
puring a write cycle, the bus cycle is terminated. 

Bus Arbitration Control 

A bus arbitration circuit is formed by bus request, bus grant and 
bus grant acknowledge signals to determine which device will be 
the bus master device. 

Bus Request (BR). This input is wire ORed with all other 
devices that could be bus masters. 

Bus Grant (BG). This output indicates to any other 
potential bus master that the processor will release control of 
the bus at the end of the current bus cycle. 

Bus Grant Acknowledge (BGACK). This input indicates that 
some other device has become bus master. This signal cannot be 
asserted until all four following conditions are met: 

1. A bus grant has been received. 

2. Address strobe is inactive - this indicates that the 
microprocessor is not using the bus. 

3. Data transfer acknowledge is inactive indicating that 
neither memory or peripherals are using the bus. 

4. Bus grant acknowledge is inactive which indicates no other 
device is still the bus master. 

Interrupt Priority Level (IPLO, IPL1, IPL2) 

These input pins indicate the encoded priority level of the 
device requesting the interrupt. Seven levels are possible using 
these three pins, with level zero (no pins active) meaning no 
interrupt requested. Level seven, which is the highest, cannot 
be masked. The least significant bit is IPLO and the most 
significant bit is IPL2. 
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SECTION 2.1 
CPU Theory 

System Control 

The system control inputs are used to either reset or halt the 
processor and indicate to the processor that bus errors have 
occured. The three system control inputs are explained in the 
following paragraphs. 

Bus Error (BERR). This input informs the processor that 
there is a problem with the current cycle being executed. 
Problems may be a result of one of the following: 

o A device that does not respond. 

o Failure to acquire an interrupt vector. 

o Illegal access request. 

o Slot addressed is on extended or remote back-plane. 

The bus error signal interacts with the halt signal to determine 
if exception processing should be performed or the current bus 
cycle should be retried. 

Reset (RESET). This bidirectional signal line acts to 
reset (start a system initialization sequence) the processor in 
response to an external reset signal. An internally generated 
3reset (result of a reset instruction) causes all external 
devices to be reset and the internal state of the processor is 
not affected. A total system reset (processor and external 
devices) is the result of external HALT and RESET signals applied 
at the same time. 

Halt (HALT). When this bi-directional line is driven by 
an external device, it will cause the processor to stop at the 
completion of the current bus cycle. When the processor has been 
halted using this input, all control signals are inactive and all 
three state lines go to their high impedance state. 

When the processor has stopped executing instructions, such as in 
a double bus fault condition, the HALT line is driven low by the 
processor to indicate to external devices that the processor has 
stopped. 

M6800 PERIPHERAL CONTROL 

Control Signals 

Three control signals are used to allow interfacing of 
synchronous devices with the asynchronous MC68010: Enable (E)~ 
Valid Peripheral Address (VPA), and Valid Memory Address (VMA). 
These signals are explained in the following paragraphs. 

4404 COMPONENT-LEVEL SERVICE 2.1-7 



SECTION 2.1 
CPU Theory 

Enable (E). This signal is the standard enable signal to 
all M6800 type devices. It is synchronized with the system clockn 
which is discussed later in this section. 

Valid Peripheral Address (VPA). This input is used to 
indicate that adevice or region addressed is a device whose data 
transfer should be synchronized with the enable (E) signal. This 
input also indicates that the processor should use automatic 
vectoring for an interrupt. 

Valid Memory Address (VMA). This output is used to 
indicate to peripheral devices that there is a valid address on 
the address bus and the processor is synchronized with enable. 
This signal only responds to a valid peripheral address (VPA) 
input which indicates that the periheral device is synchronous 
and needs to be synchronized with enable (E). 

Processor Status (FCO, FC1, FC2). 

These function outputs indicate the cycle type currently being 
executed. The two used on this board are FCO and FCV1. When both 
of these are high, the cycle type is interrrupt acknowledge. 

Clock (CLK). The clock input is a TTL compatioble signal 
for the development of the internal clocks needed by the 
processor. The system clock on the board provides the processor 
a crystal controlled four phase, 10 megahertz input. 

A separate clock generator on the I/O board provides time of day 
service. Refer to Section 2.2 for discussion. 

Signal Summary 

Table 2.1-1 lists the function codes for processor status. Table 
2.1-2 provides a summary of Signals for the 68010. 
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Table 2.1-2 

FUNCTION CODE OUTPUTS 

I FUNCTION CODE OUTPUT I 

I FC2 I FC1 I FCO CYCLE TYPE 
\ -----------------------------------------------

I Low I Low I Low I (Undefined/Reserved) I 

I Low I Low I High I User Data 

I Low I High I Low I User Program 

I Low I High I High I (Undefined/Reserved) I 

I High I Low I Low I (Undefined/Reserved) I 

I High I Low I High I Supervisor Data 

I High I High I Low I Supervisor Program 

I High I High I High I CPU Space 
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I SIGNAL NAME 
I 
I 

I Address Bus 

Table 2.1-2 

SIGNAL SUMMARY 

I MNEMONIC I INPUT/ I ACTIVE I On 
I 
I 

I A1-A23 

I OUTPUT I STATE I HALT-O 

I Output I High I Yes 

Hi-Z 

I On 
I BGACK-O 

I Yes 
------------------------------------------------------------------------
I Data Bus 
I 
I 

I DO-D15 
I 

I Input/ I High 
I Output I 

I Yes 
I 

I Yes 
I 
I 

------------------------------------------------------------------------
I Address Strobe 

I Read/Write 
I 
I 

I AS-O 

I R-1/W-0 
I 
I 

I Output I Low I No 

I Output I R-High I No 
I I W-Low I 

I Yes 

I Yes 
I 
I 

---~-------------------------------------------~------------------------I Upper & Lower 
I Da ta Strobes 

I Da ta Transfer 
I Acknowledge 

I Bus Request 

I Bus Grant 

I UDS-O 
I LDS-O 

I DTACK-O 
I 
I 

I BR-O 

I BG-O 

I Output I Low 
I I 
I I 

I Input 
I 
I 

I Low 
I 
I 

I Input I Low 

I Output I Low 

I No 
I 
I 

I --
I 
I 

I --
I No 

I Yes 
I 
I 

I --I 
I 

I --

I No 
------------------------------------------------------------------------I Bus Grant 
I Acknowledge 

I Interrupt 
I Priority Level 
I 
I 

I Bus Error 

I BGACK-O 
I 
I 

I IPLO-O 
I IPL1-0 
I IPL2-0 

I BERR-O 

I Input 
I 
I 

Input 

I Low 
I 
I 

Low 

I Input I Low 

I 
I --
I 
I 

I --

I --I 
I 

I --------------------------------------------------------------------------
I Reset 
I 
I 

I RESET-O 
I 
I 

I Input/ I Low 
I Output I 

I No* 
I 
I 

I No* 
I 
I 

------------------------------------------------------------------------
I Halt 
I 
I 

I HALT-O 
I 
I 

I Input/ I Low 
I Output I 

I No* 
I 
I 

I No* 
I 

------------------------------------------------------------------------
I Enable 

I Valid Memory 
I Address 

I E 

I VMA-O 
I 
I 

I Output I High 

I Output I Low 
I I 
I I 

I No 

I No 
I 
I 

I No 

I Yes 
I 
I 

------------~-----------------------------------------------------------*Open Drain 
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SIGNAL SUMMARY 
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HI-Z 

I SIGNAL NAME I MNEMONIC I INPUT/ I ACTIVE I On I On 
I 
I 

I 
I I OUTPUT I STATE I HALT-O I BGACK-O 

I Valid Peripheral I VPA-O I Input 
I 

I Low 
I 

I -- I --I Address I 

I Function Code 
I Output 

I Clock 

I Power Input 

I Ground 

*Open Drain 

I . 
I FCO, FC1, 
I FC2 

I CLK 

I Vcc 

I GND 

SYSTEM (CPU) CLOCK 

I I 

I Output I High 
I I 
I I 

I Input I High 

I Input 1--

I Input 1--

I 
I 

I No 
I 
I 

I --

I --

I --

I 
I 

I Yes 
I 
I 

I --
I 
I --

I --

The system clock provides the timing signals for the CPU and the 
rest of the system. Accuracy and steadiness are the two prime 
considerations. These are provided by an encapsulated, 40 
megahertz crystal controlled oscillator which is conditioned 
and/or divided to provide all four of the CLK timing signals the 
system uses. Four 10 megahertz clocks are generated. 

Bus Enable (BE). 

This timing signal is a complex signal composed of the 10-MHz CPU 
signal synchronized with the enable (E) signal from the CPU. It 
is used off board to enable peripherals that require synchronous 
data or address information transfer. 

For circuit details, refer to Schematics CPU-4 and 5 of the 
schematics section. The CPU generates enable (E) at a rate 
one-tenth that of the CPU clock. The ratio of high to low is 
40/60. E always comes true on the negative edge of CPU clock. 

There are two outputs of an OR function (which is the real output 
of the circuit) that produce a bus enable (BE) that is in phase 
with (E) but whose duty cycle is now 30-70. 
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Address Transceivers and Bus Termination 

The address transceivers allows the CPU to be disconnected from 
the system bus during an external direct memory access or any 
time the CPU has granted the bus to any other card. This ability 
to stop the CPU from addressing the bus is also used when the 
68010 simulator is in use. (For more information on the 68010 
simulator, see the Troubleshooting Section of the Vendors Data 
Book) The bus termination section of this block provides signal 
conditioning for the bus by ensuring the bus lines will always be 
at the same potentials (voltage and current) when a new bus 
master asserts control of the bus. This increases speed and 
reduces noise on the bus. 

Bus Error 

In a bus architecture that requires a handshake from an external 
device, the possibility exists that the handshake might not 
occur. Since different systems require different maximum response 
times, external circuitry is used to generate the bus error 
signal for input to the CPU. 

Schematic CPU-3 shows the logic and timing chips used to detect 
the bus error condition. This block also contains the data 
transfer acknowledge (DTACK) delay for normal (on card) and 
delayed (off card) data transfers. The following paragraphs 
discuss first the bus error, then the data transfer acknowledge 
circuitry. The triggering signals can come from two different 
sources. Data strobe (DS) is a composite signal that goes low 
whenever either upper data strobe (UDS) or lower data #5M strobe 
(LDS) goes low. At the completion of any read or write operation 
DS will come high, retriggering the mono-stable multivibrator, 
keeping its output high. During bus arbitration, such as when 
another card has has requested the bus, data strobe would not be 
active, yet there may be no bus error. The processor will then 
send the card halt (CHALT) signal low which gates the 10-MHz 
internal CPU clock (ICPUCLK) so it can hold off the BERR signal. 

If a 15 mS delay period is passed, the Q output of the 
multivibrator will go low. This causes the set-reset flip flop 
formed by the two NAND gates to switch state and light the light 
emitting diode (LED) indicating bus lock. 

The other possible source of a bus error condition can come from 
off card by way of the bus fault line BFAULT). This signal or a 
time out will CLuse bus error (BERR-1) to be placed in the status 
register inputs. 
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The bus error, low true signal, (BERR-O) is generated by the D 
type flip flop (U753D). If a data strobe occurs, as will 
happen during a re-try or during exception processing, the BERR-1 
signal will be turned off. 

Provision for disabling the bus error, needed during power 
up/reset and boot, is provided by the Bus error off (BERROFF) 
which comes from the status outputs on ?? A2-7.?? 

The data transfer acknowledge (DTACK) portion of this block 
provides for three types of DTACK. These three types are for 
regular 16-bit data transfer, two successive 8-bit byte data 
transfer, and data transfer test. The 10-us delay allows the 
insertion of a delay before allowing DTACK to go false (high) 
when transferring data to or from a narrow (two successive 8-bit 
byte data transfer) card, and during the test of the first of two 
circuitry. 

When AUTOACK-O is true (low), the time out is combined with MDS-O 
to generate the internal data transfer acknowledged signal 
(IDACK-O). When RASTEST-1, from the status outputs, comes true, 
it is NANDed with the Q output to give DTACK HOLD-O. DTACKHOLD-O 
is used by the first of two state machines to holod off DTACK 
until the 10-us has expired, but doesn't use the MDS-O signal. 

RANDOM ACCESS MEMORY 

The CPU board has One megabyte of random access memory (RAM). 
This memory is implemented with 256K bit dynamic RAM chips as 
512K words of 16 bits. 

Memory management recognizes an 8 megabyte logical address space 
which it maaps into the 8 megabyte physical address space. There 
are 2048 map entries, one for each logical page. A page 
represents 4K bytes of address space. Memory management provides 
interprocess and write rotection on a page by page basis. Virtual 
memory is provided by demand paging when a bus fault occurs. 

The memory requires no wait states even with memory management 
enabled. Memory refresh is accomplished via an automatic cycle 
stealing mechanism. 

The 68010 offers 17, 32-bit general purpose registers, a 32-bit 
program counter, a 16-bit status register, a 32-bit vector base 
register, and two 3-bit alternate function code registers. The 
first eight registers (DO-D7) are used as data registers for byte 
(8-bit), word (16-bit), and long word (32-bit) operations. 
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The second set of seven registers (AO-A6) and the stack pointers 
(SSP, USP) may be used as software stack pointers and base 
address registers. In addition, the address registers may be used 
for word and long word operations. All of the 17 registers may be 
used as index registers. 

The status register contains the interrupt mask (eight levels 
available) as well as the condition codes; extend ex), negative 
(N), zero (2), overflow (V), and carry (C). Additional status 
bits indicate that the processor is in the trace (T) mode and in 
the supervisor (S) or user state. 

The vector base register is used to determine the location of the 
exception vector table in memory to support multiple vector 
tables. The alternate function code registers allow the 
supervisor to access user data space or emulate CPU space cycles. 

DATA TYPES AND ADDRESSING MODES 

Five basic data types are supported. These data types are: 

oBits 

o BCD Digits (4 bits) 

o Bytes (8 bits) 

o Words (16 bits) 

o Long Words (32 bits) 
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In addition, operations on other data types such as memory 
addresses, status word data, etc., are provided in the 
instruction set. The address modes are: 

o Register Direct Modes 

- Data Register Direct 
- Address Register Direct 

o Memory Address Modes 

- Address Register Indirect 
- Address Register Indirect With Postincrement 
- Address Register Indirect With Predecrement 
- Address Register Indirect With Displacement 
- Address Register Indirect With Index 

o Special Address Modes 

- Absolute Short Address 
- Absolute Long Address 
- Program Counter With Displacement 
- Program Counter With Index 
- Immediate Data 
- Implicit Reference 

INSTRUCTION SET OVERVIEW 

Each instruction, with few exceptions, operates on bytes, words, 
and long words and most instructions can use any of the 
addressing modes. By combining instruction types, data types, 
and addressing modes, over 1000 useful instructions are provided. 
These instructions include signed and unsigned multiply and 
divide, "quick" arithmetic operations, BCD arithmetic, and 
expanded operations (through traps). Also, 33 instructions may 
be used in the loop mode with certain addressing modes and the 
DBcc instruction to provide 230 high performance string, block 
manipulation, and extended arithmetic operations. 

VIRTUAL MEMORY CONCEPTS 

Virtual Memory 

The basic mechanism for supporting virtual memory is to provide 
only a limited amount of high-speed physical memory that can be 
accessed directiy by the processor while maintaining an image of 
a much larger "virtual" memory on secondary storage devices such 
as large capacity disk drives. 
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When the processor attempts to access a location in the virtual 
memory map that is not currently residing in physical memory 
(referred to as a page fault), the access to that location is 
temporarily suspended while the necessary data is fetched from 
the secondary storage and placed in physical memory; the 
suspended access is then completed. The MC68010 provides 
hardware support for virtual memory with the capability of 
suspending an instruction's execution when a bus error is 
signaled and then completing the instruction after the physical 
memory has been updated as necessary. 

The MC6s010 uses instruction continuation to support virtual 
memory. With instruction continuation, when a page fault occurs 
the processor stores its internal state and then, after the page 
fault is repaired, restores that internal state and continues 
execution of the instruction. 

In order for the MC6S010 to utilize instruction continuation, it 
stores its internal state on the supervisor stack when a bus 
cycle is terminated with a bus error signal. It then loads the 
program counter from vector table entry number two (offset $OOS) 
and resumes program execution at that new address. When the bus 
error exception handler routine has completed execution, an RTE 
instruction is executed which reloads the MC6S010 with the 
internal state stored on the stack, reruns the faulted bus cycle, 
and continues the suspended instruction .. Instruction 
continuation allows hardware support for virtual I/O devices. 
Since virtual registers may be simulated in the memory map, an 
access to such a register will cause a fault and the function of 
the register can be emulated by software. 

DATA ORGANIZATION AND ADDRESSING CAPABILITIES 

This section contains a description of the registers and the data 
organization of the 6S010. 

Operand Size 

Operand sizes are defined as follows: a byte equals S bits, a 
word equals 16 bits, and a long word equals 32 bits. The operand 
size for each Instruction is either explicitly encoded in the 
instruction or implicitly defined by the instruction operation. 
implicit instructions support some subset of all three sizes. 
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The eight data registers support data operands of 1, 8, 16, or 32 
bits. The seven address registers and the stack pointers support 
address operands of 32 bits. The four control registers support 
data of 1, 3, 8, 16, or 32 bits depending on the register 
specified. 

Data Registers. Each data register is 32 bits wide. 
Byte operands occupy the low order 8 bits, word operands the low 
order 16 bits, and long word operands the entire 32 bits. The 
least significant bit is addressed as bit zero; the most 
significant bit is addressed as bit 31. 

When a data register is used as either a source or destination 
operand, only the appropriate low order portion is changed; the 
remaining high order portion is neither used nor changed. 

Address Registers. Each address register and stack 
pointer is 32 bits wide and holds a full 32-bit address. Address 
registers do not support the sized operands. Therefore, when an 
address register is used as a source operand, either the low 
order word or the entire long word operand is used depending upon 
the operation size. When an address register is used as the 
destination operand, the entire register is affected regardless 
of the operation size. If the operation size is word, any other 
operands are sign extended to 32 bits before the operation is 
performed. 

Control Registers. The status register (SR) is 16 bits 
wide with the lower byte being accessed as the condition code 
register (CCR). Not all 16 bits of the SR are defined and will 
be read as zeroes and ignored when written. Operations to the 
CCR are word operations; however, the upper byte will be read as 
all zeroes and ignored when written. 

The vector base register (VBRI is 32 bits wide and holds a full 
32-bit address. All operations involving the VBR are long word 
operations regardless of whether it is the source or destination 
operand. 

The alternate function code registers (SFC and DFC) are three 
bits wide and contain the function code values placed on FCO-FC2 
during the operand read or write of a MOVES instruction All 
transfers to or from the aiternate function code registers are 32 
bits although the upper 29 bits wiii be read as zeroes and 
ignored when written. 
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Data Organization In Memory 

The data types supported by the MC68010 are: bit data, integer 
data of 8, 16, or 32 bits, 32-bit addresses and binary coded 
decimal data. The numbers indicate the order in which the data 
would be accessed from the processor. 

Bytes are individually addressable with the high order byte 
having an even address the same as the word. The low order byte 
has an odd address that is one count higher than the word 
address. Instructions and word or long word data are accessed 
only on word (even byte) boundaries. If a long word datum is 
located at address n (n even), then the low-order word of that 
datum is located at address n +2. 

Addressing 

Instructions for the MC68010 contain two kinds of information: 
the type of function to be performed and the location of the 
operand(s) on which to perform that function. The methods used to 
locate (address) the operand(s) are explained in the following 
paragraphs. 

Instructions specify an operand location in one of three ways: 

o Register Specification - the number of the register is given 
in the register field of their instruction. 

o Effective Address - use of the different effective 
addressing modes. 

o Implicit Reference - the definition of certain instructions 
implies the use of specific registers. 

Instruction Format 

Instructions are from one to five words in length. The length of 
the instruction and the operation to be performed is specified by 
the first word of the instruction which is called the operation 
word. The remaining words further specify the operands. These 
words are either immediate operands or extensions to the 
effective address mode specified in the operation word. 
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The MC68010 separates memory references into two classes: program 
references and data references. Program references, as the name 
implies, are references to that section of memory that contains 
the program being executed. Data references refer to that 
section of memory that contains data. Generally, operand reads 
are from the data space. All operand writes are to the data 
space. 

Register Specification 

The register field within an instruction specifies the register 
to be used. Other fields within the instruction specify whether 
the register selected is an address or data register and how the 
register is to be used. 

Effective Address 

Most instructions specify the location of an operand by using the 
effective address field in the operation word. The effective 
address is composed of two 3-bit fields: the mode field and the 
register field. The value in the mode field selects the 
different address modes. The register field contains the number 
of a register. 

The effective address field may require additional information to 
fully specify the operand. This additional information, called 
the effective address extension, is contained in the following 
word or words and is considered part of the instruction. The 
effective address modes are grouped into three categories: 
register direct, memory addressing, and special. 

Register Direct Modes. These effective addressing modes 
specify that the operand is in one of six registers or one of 
four control registers. 

In the Data Register Direct Mode the operand is specified by the 
effective address register field. 

In the Address Register Direct Mode the operand is specified by 
the effective address register field. 
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Memory Address Modes. These effective addressing modes 
specify that the operand ~s in memory and provide the specific 
address of the operand. 

In The Address Register Indirect Mode the register field 
specifies the address of the operand. The reference is 
classified as a data reference with the exception of the lump and 
jump-to-subroutine instructions. 

In the Address Register Indirect With Postincrement Mode the 
register field specifies the address of the operand. After the 
operand address is used, it is incremented by one, two, or four 
depending upon whether the size of the operand is byte, word, or 
long word. If the address register is the stack pointer and the 
operand size is byte, the address is incremented by two rather 
than one to keep the stack pointer on a word boundary. The 
reference is classified as a data reference. 

In The Address Register Indirect With Predecrement Mode the 
operand address is specified by the register field. Before the 
operand address is used, it is decremented by one, two, or four 
depending upon whether the operand size is byte, word, or long 
word. If the address register is the stack pointer and the 
operand size is byte, the address is decremented by two rather 
than one to keep the stack pointer on a word boundary. The 
reference is classified as a data reference. 

In Address ~gister Indirect With Displacement Mode. This 
addressing mode requires one word of extension. The address of 
the operand is the sum of the address in the address register and 
the sign-extended 16-bit displacement integer in the extension 
word. The reference is classified as a data reference with the 
exception of the jump and jump-to-subroutine instructions. 

In Address Register Indirect With Index Mode only one word of 
extension is needed. The address of the operand is the sum of 
the address in the address register, the sign- extended 
displacement integer in the low order eight bits of the extension 
word, and the contents of the index register. The index may be 
specified as the sign extended low-order word or the long word in 
the index register. The reference is classified as a data 
reference with the exception of the jump and jump-to-subroutine 
instructions. 
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Special Address Modes. The special address modes use 
the effective address register field to specify the special 
addressing mode instead of a register number. 

In Absolute Short Address Mode a word extension is required. The 
address of the operand is in the extension word. The 16-bit 
address is sign extended before it is used. The reference is 
classified as a data reference with the exception of the jump and 
jump-to-subroutine instructions. 

The Absolute Long Address Mode mode requires two words of 
extension. The address of the operand is developed by the 
concatenation of the extension words. The high order part of the 
address is the first extension word; the low order part of the 
address is the second extension word. The reference is 
classified as a data reference with the exception of the jump and 
jump-to-subroutine instructions. 

Program Counter With Displacement Mode requires one word of 
extension. The address of the operand is the sum of the address 
in the program counter and the sign-extended 16-bit displacement 
integer in the extension word. The value in the program counter 
is the address of the extension word. The reference is 
classified as a program reference. 

Program Counter With Index Mode requires one word of extension. 
The address is the sum of the address in the program counter, the 
sign-extended displacement integer in the lower eight bits of the 
extension word, and the contents of the index register. The 
index may be specified as the sign extended low-order word or the 
long word in the index register. The value in the program 
counter is the address of the extension word. The reference is 
classified as a program reference. 

Immediate Data Mode requires either one or two words of extension 
depending on the size of the operation. 

o Byte Operation - the operand is in the low order byte of 
extension word. 

o Word Operation - the operand is in the extension word. 

o Long Word Operation - the operand is in the two extension 
words, high order 16 bits are in the first extension word, 
low order 16 bits are in the second extension word. 
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Some instructions in Implicit Reference Mode make implicit 
reference to the program counter (PC), the system stack pOinter 
(SP), the supervisor stack pointer (SSP), the user stack pOinter 
CUSP), the status register CSR), the condition code register 
(CCR), the vector base register (VBR), or the alternate function 
code register~ (SFC or DFC). 

A selected set of instructions may reference the status 
register by means of the effective address field. These are: 

ANDI to CCR 
ANDI to SR 
EORI to CCR 

System Stack 

EORI to SR 
ORI to CCR 
ORI to SR 

MOVE to CCR 
MOVE to SR 
MOVE from SR 

The system stack is used implicitly by many instructions; user 
stacks and queues may be created and maintained through the 
addressing modes. Address register seven (A71 is the system stack 
pointer (SP). The system stack pointer is either the supervisor 
stack pointer (SSP) or the user stack pointer (USP), depending on 
the state of the S bit in the status register. If the S bit 
indicates supervisor state, the SSP is the active system stack 
pointer and the USP cannot be referenced as an address 
register. If the S bit indicates user state, the USP is the 
active system stack pointer, and the SSP cannot be referenced. 
Each system stack fills from high memory to low memory. 

Bus Arbitration 

Bus arbitration is a technique used by master-type devices to 
request, be granted, and acknowledge bus mastership. In its 
simplest form, it consists of the following: 

1. asserting a bus mastership request, 

2. receiving a grant that the bus is available at the end of the 
current cycle, and 

3. acknowledging that mastership has been assumed. 

Since a number of devices in the 4404 system are capable of bus 
mastership, the bus request line from each device is wire ORed to 
the processor. In this system there could be more than one bus 
request being made, so the bus grant signal is negated a few 
clock cycl~s after the transition of the acknowledge (BGACK) 
signal. 
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However, if bus requests are still pending, the processor will 
assert another bus grant within a few clock cycles after it was 
negated. This additional assertion of bus grant allows external 
arbitration circuitry to select the next bus master before the 
current bus master has completed its requirements. The 
following paragraphs provide additional information about the 
three steps in the arbitration processo 

Requesting the Bus. External devices capable of 
becoming bus masters request the bus by asserting the bus request 
(BR) signal. This is a wire-ORed signal (although it need not be 
constructed from open-collector devices) that indicates to the 
processor that some external device requires control of the 
external bus. The processor is effectively at a lower bus 
priority level than the external device and will relinquish the 
bus after it has completed the last bus cycle it has started. 

When no acknowledge is received before the bus request signal 
goes inactive, the processor will continue processing when it 
detects that the bus request is inactive. This allows ordinary 
processing to continue if the arbitration circuitry responded 
to noise inadvertently. 

Receiving the Bus Grant. The processor asserts bus 
grant (BG) as soon as possible. Normally this is immediately 
after internal synchronization. The only exception to this 
occurs when the processor has made an internal decision to 
execute the next bus cycle but has not progressed far enough into 
the cycle to have asserted the address strobe (AS) signal. In 
this case, bus grant will be delayed until AS is asserted to 
indicate to external devices that a bus cycle is being executed. 

Acknowledgement of Mastership. Upon receiving a bus 
grant, the requesting device waits until address strobe, data 
transfer acknowledge, and bus grant acknowledge are negated 
before issuing its own BGACK. The negation of the AS indicates 
that the previous master has completed its cycle; the negation of 
BGACK indicates that the previous master has released the bus. 
(While address strobe is asserted, no device is allowed to "break 
into~ a cycle.) The negation of DTACK indicates the previous 
slave has terminated its connection to the previous master. Note 
that in some applications data transfer acknowledge might not 
enter into this function. General purpose devices would then be 
connected such that they were only dependent on address strobe. 
When bus grant acknowledge is issued, the device is a bus master 
until it negates bus grant acknowlede. Bus grant acknowledge 
should not be negated until after the bus cycle(s) is (are) 
completed. Bus mastership is terminated at the negation of bus 
grant acknowledge. 
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The bus request from the granted device should be negated after 
bus grant acknowledge is ;asserted. If bus request is still 
pending, another bus grant will be asserted within a few clocks 
of the negation of the bus grant. The processor does not perform 
any external bus cycles before it re-asserts bus grant. 

Bus Arbitration Control 

The bus arbitation control unit in the MC68010 is implemented 
with a finite state machine. All asynchronous signals to the 
MC68010 are synchronized before they are used internally. This 
synchronization is accomplished in a maximum of one cycle of the 
system clock, assuming that the asynchronous input setup time has 
been met. The input signal is sampled on the falling edge of the 
clock and is valid internally after the next rising edge. 

Input signals labeled R and A are internally synchronized on the 
bus request and bus grant acknowledge pins respectively. The bus 
grant output is labeled G and the internal three-state control 
signal T. If T is true, the address, data, and control buses are 
placed in a high-impedance state when AS is negated. All signals 
are shown in positive logic (active high) regardless of their 
true active voltage level. 

State changes (valid outputs) occur on the next rising edge after 
the internal signal is valid. 

If a bus request is made at a time when the MPU has already begun 
a bus cycle but AS has not been asserted (bus state SO), BG will 
not be asserted on the next rising edge. Instead, BG will be 
delayed until the second rising edge following its internal 
assertion. 

Bus Error and Halt Operation 

External circuitry is used to determine the duration between 
address strobe and data transfer acknowledge before issuing a bus 
error signal. When a bus error or/and halt signal is received, 
the processor will initiate a bus error exception sequence or try 
to re-run the bus cycle. 

In addition to a bus timeout indicator, the bus error input is 
used to indicate a page fault in a virtual memory system. When an 
external memory management unit detects an invalid access, a bus 
error is signaled to suspend execution of the current 
instruction .. 
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Bus Error Operation. When the bus error signal is used 
to terminate a bus cycle, the MC68010 will enter exception 
processing immediately following the bus cycle. The bus error 
signal is recognized in either of the following cases: 

1. DTACK and HALT are negated and BERR is asserted. 

2. HALT and BERR are negated and DTACK is asserted. BERR is 
then asserted within one clock cycle. 

When the bus error condition is recognized, the current bus cycle 
will be terminated in S9 for a read cycle, a write cycle, or the 
read portion of a read-modify-write cycle and in S21 of the write 
portion of a read-modify-write cycle. As long as BERR remains 
asserted, the data and address buses will be in the 
high-impedance state. 

After the aborted bus cycle is terminated and BERR is negated, 
the MC68010 enters exception processing for the bus error 
exception. During the exception processing sequence, the 
following information is placed on the supervisor stack: 

1. Status register 

2. Program counter (two words, may be up to five words past the 
instruction being executed) 

3. Frame format and vector offset 

4. Internal register information, 22 words 

The first four words of information are identical to 
the information stacked by any other exception such as an 
interrupt or TRAP instruction. The additional information is used 
by the MC68010 to continue the execution of the suspended 
instruction when it is reloaded by a RTE instruction. 

After the MC68010 has placed the above information on the stack, 
the bus error exception vector is read from vector table entry 
number two (offset $08) and placed in the program counter. The 
processor then resumes instruction execution. 

If a read-modify-write instruction is terminated with a bus error 
and later continued with an RTE instruction, the processor will 
rerun the entire cycle whether the bus error occurred on the read 
or the write portion of the cycle. 
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Re-Run Operation. When, during a bus cycle, the 
processor receives a bus error signal and the halt pin is being 
driven by an external device, the processor enters the rerun 
sequence. A delayed rerun signal may be used similarly to the 
delayed bus error signal described above. 

The processor terminates the bus cycle, then puts the address and 
data lines in the high-impedence state. The processor remains 
"halted", and will not run another bus cycle until the halt 
signal is removed by external logic. Then the processor will 
rerun the previous cycle using the same function codes, the 
same data (for a write operation), and the same address. The bus 
error signal should be removed at least one clock cycle before 
the halt signal is removed. 

The processor will not rerun a read-modify-write cycle. This 
restriction is made to guarantee that the entire cycle runs 
correctly and that the write operation of a test-and-set 
operation is performed without ever releasing AS. If BERR and 
HALT are asserted during a read-modify-write bus cycle, a bus 
error operation results. 

Halt Operation. The halt input signal to the MC68010 
performs a halt/run/single-step function in a similar fashion to 
the M6800 halt function. The halt and run modes are somewhat 
self explanatory in that when the halt signal is constantly 
active the processor "halts" (does nothing) and when, the halt 
signal is constantly inactive the processor "runs" (does 
something). 

This single-step mode is derived from correctly timed transitions 
on the halt signal input. It forces the processor to execute a 
Single bus cycle by entering the run mode until the processor 
starts a bus cycle then changing to the halt mode. Thus, the 
single-step mode allows the user to proceed through (and 
therefore debug) processor operations one bus cycle at a time. 

When the processor completes a bus cycle after recognizing that 
the halt signal is active, most three-state signals are put in 
the high-impedence state. These include: 

o Address lines 

o Data lines 

This is requirrd for correct performance of the re-run bus cycle 
operation. 
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While the processor is honoring the halt request, bus arbitration 
performs as usual. That is, halting has no effect on bus 
arbitration. It is the bus arbitration function that removes the 
control signals from the bus. 

The halt function and the hardware trace capability allow the 
hardware debugger to trace single bus cycles or single 
instructions at a time. These processor capabilities, along with 
a software debugging package, give total debugging flexibility. 

Double Bus Faults. When a bus error exception occurs, 
the processor will attempt to stack several words containing 
information about the state of the machine. If a bus error 
exception occurs during the stacking operation, there have been 
two bus errors in a row. This is commonly referred to as a 
double bus fault. When a double bus fault occurs, the processor 
will halt and drive the HALT line low. Once a bus error 
exception has occurred, any bus error exception occurring before 
the execution of the next instruction constitutes a double bus 
fault. 

A bus cycle which is rerun does not constitute a bus error 
exception and does not contribute to a double bus fault. Note 
also that this means that as long as the external hardware 
requests it, the processor will continue to rerun the same bus 
cycle. 

The bus error pin also has an effect on processor operation after 
the processor receives an external reset input. The processor 
reads the vector table after a reset to determine the address to 
start program execution. If a bus error occurs while reading 
the vector table (or at any time before the first instruction is 
executed), the processor reacts as if a double bus fault has 
occurred and it halts. Only an external reset will start a halted 
processor. 

Reset Operation 

The reset signal is a bi-directional signal that allows either 
the processor or an external device to reset the system. Both 
the halt and reset lines must be asserted to ensure total reset 
of the processor in all cases. 

When the reset and halt lines are driven by an external device, 
it is recognized as an entire system reset, including the 
processor. The processor responds by reading the reset vector 
table entry (vector number zero, address $000000) and loads it 
into the supervisor stack pointer (SSP). Vector table entry 
number one at address $000004 is read next and loaded into the 
program counter. The processor initializes the status register 
to an interrupt level of seven and the vector base register to 
$00000000. No other registers are affected by the reset sequence. 

4404 COMPONENT-LEVEL SERVICE 2.1-27 



SECTION 2.1 
CPU Theory 

When a reset instruction is executed, the processor drives the 
reset pin for 124 clock periods. In this case, the processor is 
trying to reset the rest of the system. Therefore, there is no 
effect on the internal state of the processor. All of the 
processor's internal registers and the status register are 
unaffected by the execution of a reset instruction. All external 
devices connected to the reset line should be reset at the 
completion of the reset instruction. 

Asserting the RESET and HALT lines for ten clock cycles will 
cause a processor reset, except when VCC is initially applied to 
the processor. In this case, an external reset must be applied 
for at least 100 milliseconds. 

RELATIONSHIP OF DTACK, BERR, AND HALT 

In order to properly control termination of a bus cycle for a 
re-run or a bus error condition, DTACK, BERR, and HALT should be 
asserted and negated on the rising edge of the MC68010 clock. 
This will assure that when two signals are asserted 
simultaneously, the required setup time for both of them will be 
met during the same bus state. This, or some equivalent 
precaution, should be designed external to the MC68010. 

The bus cycle terminations are as follows: 

o Normal Termination: DTACK is asserted, BERR and HALT remain 
negated. 

o Halt Termination: HALT is asserted at same time, or before 
DTACK and BERR remains negated. 

o Bus Error Termination: BERR is asserted in lieu of, at the 
same time, or before DTACK, or after DTACK and HALT remains 
negated; BERR is negated at the same time or after DTACK. 

o ReRun Termination: HALT and BERR are asserted in lieu of, at 
the same time, or before DTACK or after DTACK; BERR is 
negated at the same time or after DTACK, HALT must be held 
at least one cycle after BERR. 
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The 4404 uses the system clock as a signal to generate DTACK and 
other asynchronous inputs. If this setup is met on an input, 
such as DTACK, the processor is guaranteed to recognize that 
signal on the next falling edge of the system clock. However, 
the converse is not true-if the input signal does not meet the 
setup time it is not guaranteed not to be recognized. In 
addition, if DTACK is recognized on a falling edge, valid data 
will be latched into the processor (on a read cycle) on the next 
falling edge provided that the data meets the setup time. Given 
this, if DTACK is asserted, with the required setup time, before 
the falling edge of S4, no wait states will be incurred and the 
bus cycle will run at its maximum speed of four clock periods. 

In order to assure proper operation in a synchronous system when 
BERR is asserted after DTACK, BERR must meet the setup time prior 
to the falling edge of the clock one clock cycle after DTACK was 
recognized. ' 

During an active bus cycle, VPA and BERR are sampled on every 
falling edge of the clock starting with SO. DTACK is sampled on 
every falling edge of the clock starting with S4 and data is 
latched on the falling edge of S6 during a read. The bus cycle 
will then be terminated in S7 except when BERR is asserted in the 
absence of DTACK, in which case it will terminate one clock cycle 
later in S9. 

PROCESSING STATES 

This following paragraphs describe the actions of the MC68010 
which are outside the normal processing associated with the 
execution of instructions. The functions of the bits in the 
supervisor portion of the status register are covered: the 
supervisor/user bit, the trace enable bit, and the processor 
interrupt priority mask. Finally, the sequence of memory 
references and actions taken by the processor on exception 
conditions are detailed. 

The MC68010 is always in one of three processing states: normal, 
exception, or halted. The normal processing state is that 
associated with instruction execution; the memory references are 
to fetch instructions and operands, and to store results. Two 
special cases of the normal state are the stopped state, which 
the processor enters when a STOP instruction is executed, and the 
loop mode, which the processor may enter when a DBcc instruction 
is executed. In the stopped state, no further memory references 
are made; and, in the loop mode, only operand references are 
made. 
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The exception processing state is associated with interrupts, 
trap instructions, tracing and other exceptional conditions. 
The exception may be internally generated by an instruction or by 
an unusual condition arising during the execution of an 
instruction. Externally, exception processing can be forced by an 
interrupt, by a bus error, or by a reset. Exception processing is 
designed to provide an efficient context switch so that the 
processor may handle unusual conditions. 

The halted processing state is an indication of catastrophic 
hardware failure. For example, if during the exception 
processing of a bus error another bus error occurs, the processor 
assumes that the system is unusable and halts. Only an external 
reset can restart a halted processor. Note that a processor in 
the stopped state is not in the halted state, nor vice versa. 

Privilege States 

The processor operates in one of two states of privilege: the 
"supervisor" state or the "user" state. The privilege state 
determines which operations are legal, are used to choose between 
the supervisor stack pointer and the user stack pointer in 
instruction references, and may by used by an external memory 
management device to control and translate accesses. 

The privilege state is a mechanism for providing security in a 
computer system. Programs should access only their own code and 
data areas, and ought to be restricted from accessing 
information which they do not need and must not modify. 

The privilege mechanism provides security by allowing most 
programs to execute in user state. In this state, the accesses 
are controlled, and the effects on other parts of the system are 
limited. The operating system executes in the supervisor state, 
has access to all resources, and performs the overhead tasks for 
the user programs. 

Supervisor State. The supervisor state is the higher 
state of privilege. For instruction execution, the supervisor 
state is determined by the S bit of the status register; if the S 
bit is asserted (high 1, the processor is in the supervisor 
state. All instructions can be executed in the supervisor state. 
The bus cycles generated by instructions executed in the 
supervisor state are classified as supervisor references. While 
the processor is in the supervisor privilege state, those 
instructions which ~se either the system stack pointer implicitly 
or address register seven explicitly access the supervisor stack 
pointer. 
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All exception processing is done in the supervisor state, 
regardless of the previous setting of the S bit. The bus cycles 
generated during exception processing are classified as 
supervisor references. All stacking operations during exception 
processing use the supervisor stack pointer. 

User State. The user state is the lower state of 
privilege. For instruction execution, the user state is 
determined by the S bit of the status register; if the S bit is 
negated (low), the processor is executing instructions in the 
user state. 

Most instructions execute the same in user state as in the 
supervisor state. However, some instructions which have 
important system effects are made privileged. User programs are 
not permitted to execute the STOP instruction, or the RESET 
instruction. To ensure that a user program cannot enter the 
supervisor state except in a controlled manner, the instructions 
which modify the whole status register are privileged. To aid in 
debugging programs which are to be used as operating systems, the 
move from status register (MOVE from SR), move to/from user stack 
pointer (MOVE USP), move to/from control register (MOVEC), and 
move alternate address space (MOVES) instructions are also 
privileged. 

The bus cycles generated by an instruction executed in the user 
state are classified as user state references. This allows an 
external memory management device to translate the address and to 
control access to protected portions of the address space. While 
the processor is in the user privilege state, those instructions 
which use either the system stack pointer implicitly or address 
register seven explicitly, access the user stack pointer. 

Privilege State Changee. Once the processor is in the 
user state and executing instructions, only exception processing 
can change the privilege state. During exception processing, the 
previous setting of the S bit of the status register is saved and 
the S bit is asserted, putting the processor in the supervisor 
state. Therefore, when instruction execution resumes at the 
address specified to process the exception, the processor is in 
the supervisor privilege state. 

Reference Classification. When the processor makes a 
reference, it classifies the kind of reference being made, using 
the encoding on the three function code output lines. This 
allows external translation of addresses, control of access, and 
differentiation of special processor state, such as interrupt 
acknowledge. 
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Exception Processing 

The processing of an exception occurs in four steps, with 
variations for different exception causes. During the first 
step, a temporary copy of the status register is made and the 
status register is set for exception processing. In the second 
step the exception vector is determined and the third step is the 
saving of the current processor context. In the fourth step a 
new context is obtained and the processor resumes instruction 
processing. 

Exception Vectors. Exception vectors are memory 
locations from which the processor fetches the address of a 
routine which will handle that exceptione All exception vectors 
are two words in length, except for the reset vector, which is 
four words. All exception vectors lie in the supervisor data 
space, except for the reset vector which is in the supervisor 
program space. A vector number is an 8-bit number which, when 
multiplied by four, gives the offset of an exception vector. 
Vector numbers are generated internally or externally, depending 
on the cause of the exception. In the case of interrupts, during 
the interrupt acknowledge bus cycle, a peripheral provides an 
8-bit vector number to the processor on data bus lines DO through 
07. The processor translates the vector number into a full 
32-bit offset which is added to the contents of the vector base 
register to generate the address used to fetch the vector. 

The memory layout is 512 words long (1024 bytes). It starts at 
offset 0 and proceeds through offset 1023. This provides 255 
unique vectors; some of these are reserved for TRAPS and other 
system functions. Of the 255, there are 192 reserved for user 
interrupt vectors. However, there is no protection on the first 
63 entries. 

Exception Stack Frame. Exception processing saves the 
most volatile portion of the current processor context on the top 
of the supervisor stack. This context is organized in a format 
called the exception stack frame. This information always 
includes the status register and program counter of the processor 
when the exception occurred. In order to support generiC 
handlers, the processor also places the vector offset in the 
exception stack frame. The format code field allows the RTE 
(return from exception) instruction to identify what information 
is on the stack so that it may be properly restored. The format 
0000 is always legal, and indicates that just the first four 
words of the frame al.e present. 
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either internal or external causes. The externally generated 
exceptions are the interrupts, bus error, and reset requests. 
The interrupts are requests from peripheral devices for processor 
action while the bus error and reset inputs are used for access 
control and processor restart. The internally generated 
exceptions come from instructions, or from address errors or 
tracing. The trap (TRAP), trap on overflow (TRAPV), check data 
register against upper bounds (CHK), and divide (DIV) 
instructions all can generate exceptions as part of their 
instruction execution. In addition, illegal instructions, word 
or long word fetches from odd addresses, and privilege violations 
cause exceptions. Tracing behaves like a very high-priority 
internally-generated interrupt after each instruction execution. 

Exception Processing Sequence. Exception processing 
occurs in four identifiable steps. In the first step, an 
internal copy is made of the status register. After the copy is 
made, the S bit is asserted, putting the processor into the 
supervisor privilege state. Also, the T bit is negated which 
will allow the exception handler to execute unhindered by 
tracing. For the reset and interrupt exceptions, the interrupt 
priority mask is also updated. 

In the second step, the vector number of the exception is 
determined. For interrupts, the vector number is obtained by a 
processor fetch classified as an interrupt acknowledge. For all 
other exceptions, internal logic provides the vector number. 
This vector number is then used to generate the offset of the 
exception vector and is added to the vector base register. 

The third step is to save the current processor status, except 
for the reset exception. The exception stack frame is created at 
the top of the supervisor stack. The current program counter 
value, the saved copy of the status register, and the 
format/offset word are written into the stack frame. The program 
counter value stacked usually points to the next unexecuted 
instruction. 

However, for bus error and address error, the value stacked for 
the program counter is unpredictable, and may be incremented by 
up to five words from the address of the instruction which caused 
the error. Group 1 and 2 exceptions (see 5.2.5 Multiple 
Exceptions) use a short format exception stack frame (format= 
0000). Additional information defining the current context is 
stacked for the bus error and address error exceptions. 
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The last step is the same for all exceptions. The new program 
counter value is fetched £rom the exception vector table. The 
processor then resumes instruction execution. The instruction at 
the address given in the exception vector is fetched, and 
normal instruction decoding and execution is started. 

Multiple Except1ons$ These paragraphs describe the 
processing which occurs when multiple exceptions arise 
Simultaneously. Exceptions can be grouped according to their 
occurrence and priority. The group 0 exceptions are reset, bus 
error, and address error. These exceptions cause the instruction 
currently being executed to be aborted and the exception 
processing to commence within two clock cycles. The group 1 
exceptions are trace and interrupt, as well as the privilege 
violations and illegal instructions. These exceptions allow the 
current instruction to execute to completion, but preempt the 
execution of the next instruction by forcing exception processing 
to occur (privilege violations and illegal instructions are 
detected when they are the next instruction to be executed). The 
group 2 exceptions occur as part of the normal processing of 
instructions. The TRAP, TRAPV, C-H K, and zero divide exceptions 
are in this group. For these exceptions, the normal execution of 
an instruction may lead to exception processing. 

Group 0 exceptions have highest priority, while group 2 
exceptions have lowest priority. Within group 0, reset has 
highest priority, followed by address error and then bus error. 
Within group 1, trace has priority over external interrupts, 
which in turn takes priority over illegal instruction and 
privilege violation. Since only one instruction can be executed 
at a time, there is no priority relation within group 2. 

The priority relation between two exceptions determines which is 
taken, or taken first, if the conditions for both arise 
Simultaneously. Therefore, if a bus error occurs during a TRAP 
instruction, the bus error takes precedence, and the TRAP 
instruction processing is suspended. In another example, if an 
interrupt request occurs during the execution of an instruction 
while the T bit is asserted, the trace exception has priority, 
and is processed first. Before instruction processing resumes, 
however, the interrupt exception is also processed, and -
instruction processing commences finally in the interrupt handler 
routine. 
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Exceptions have a number of sources and each exception has 
processing which is peculiar to it. The following paragraphs 
detail the sources of exceptions, how each arises, and how each 
is processed. 

Reset 

The reset input provides the highest exception level. The 
processing of the reset signal is designed for system initiation, 
and recovery from catastrophic failure. Any processing in 
progress at the time of the reset is aborted and cannot be 
recovered. The processor is forced into the supervisor state, 
the trace state is forced off, and the processor interrupt 
priority mask is set to level seven. The vector base register is 
set to $00000000 and the vector number is internally generated to 
reference the reset exception vector at location 0 in the 
supervisor program space. 

Because no assumptions can be made about the validity of register 
contents, in particular the supervisor stack pointer, neither the 
program counter nor the status register is saved. The address 
contained in the first two words of the reset exception vector is 
fetched as the initial supervisor stack pointer, and the address 
in the last two words of the reset exception vector is fetched as 
the initial program counter. Finally, instruction execution is 
started at the address in the program counter. The 
power-up/restart code is pointed to by the initial program 
counter. 

The reset instruction does not cause loading of the reset vector, 
but does assert the reset line to reset external devices. This 
allows the software to reset the system to a known state and then 
continue processing with the next instruction. 

Interrupts 

Seven levels of interrupt priorities are provided. Devices may be 
chained externally within interrupt priority levels, allowing an 
unlimited number of peripheral devices to interrupt the 
processor. Interrupt priority levels are numbered from one to 
seven, level seven being the highest priority. The status 
register contains a 3-bit mask which indicates the current 
processor priority, and interrupts are inhibited for all ~ciority 
levels less than or equal to the current processor priority. 
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An interrupt request is made to the processor by encoding the 
interrupt request level on the interrupt request lines; a zero 
indicates no interrupt request. Interrupt requests arriving at 
the processor do not force immediate exception processing, but 
are made pending. Pending interrupts may cause exception 
processing to start at the end of an instruction depending on the 
current processor priority level. If the priority of the 
pending interrupt is lower than or equal to the current processor 
priority, execution continues with the next instruction and the 
interrupt exception processing is postponed. (The recognition 
of level seven is slightly different, as explained in the 
following paragraph.) 

If the priority of the pending interrupt is greater than the 
current processor priority, the exception processing sequence is 
started. A copy of the status register is saved, the privilege 
state is set to supervisor state, tracing is suppressed, and the 
processor priority level is set to the level of the interrupt 
being acknowledged. The processor fetches the vector number from 
the interrupting device, classifying the reference as an 
interrupt acknowledge and displaying the level number of the 
interrupt being acknowledged on the address bus. 

If external logic requests automatic vectoring, the processor 
internally generates a vector number which is determined by the 
interrupt level number. If external logic indicates a bus error, 
the interrupt is taken to be spurious, and the generated vector 
number references the spurious interrupt vector. The processor 
then proceeds with the usual exception processing, saving the 
format/offset word, program counter,. and status register on the 
supervisor stack. 

The offset value in the format/offset word is the externally 
supplied or internally generated vector number multiplied by 
four. The format will be all zeroes. The saved value of the 
program counter is the address of the instruction which would 
have been executed had the interrupt not been present. The 
content of the interrupt vector whose vector number was 
previously obtained is fetched and loaded into the program 
counter, and normal instruction execution commences in the 
interrupt handling routine. 

Priority level seven is a special case. Level seven interrupts 
cannot be inhibited by the interrupt priority mask, thus 
providing a "non-maskable interrupt" capability. An interrupt is 
generated ear h time the interrupt request level changes from some 
lower level to level seven. Note that a level seven interrupt 
may still be caused by the level comparison if the request level 
is a seven and the processor priority is set to a lower level by 
an instruction. 
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Uninitialized Interrupt Uninitialized Interrupt Uninitialized 
Interrupt Uninitialized Interrupt Uninitialized Interrupt U 
ninitialized Interrupt 

An interrupting device asserts VPA, BERR, or provides an 
interrupt vector number and asserts DTACK during an interrupt 
acknowledge cycle by the MC68010. If the vector register has not 
been initialized, the responding peripheral will provide the 
uninitialized interrupt vector. This provides a uniform way to 
recover from a programming error. 

Spurious Interrupt 

If during the interrupt acknowledge cycle no device responds by 
asserting DTACK or VPA, BERR should be asserted to terminate the 
vector acquisition. The processor separates the processing of 
this error from bus error by forming a short format exception 
stack and fetching the spurious interrupt vector instead of the 
bus error vector. The processor then proceeds with the usual 
exception processing. 

Instruction Traps 

Traps are exceptions caused by instructions. They arise either 
from processor recognition of abnormal conditions during 
instruction execution, or from use of instructions whose normal 
behavior is trapping. 

Some instructions are used specifically to generate traps. The 
TRAP instruction always forces an exception and is useful for 
implementing supervisor calls for user programs. The TRAPV and 
CHK instructions force an exception if the user program detects a 
runtime error, which may be an arithemetic overflow or a 
subscript out of bounds. 

The signed divide (DIVS) and unsigned divide (DIVU) instructions 
will force an exception if a division operation is attempted 
with a divisor of zero. 

Illegal and Unimplemented Instructions 

Illegal instruction is the term used to refer to any of the word 
bit patterns which are not the bit patterns of the first word of 
a legal MC68010 instruction. During instruction execution, if 
such an instruction is fetched, an illegal instruction exception 
occurs. Motorola reserves the right to define instructions '"hose 
opcodes may be any of the illegal instructions. Three bit 
patterns will always force an illegal instruction trap on all 
M68000 Family compatible microprocessors. They are: $4AFA, 
$4AFB, and $4AFC. 
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In addition to the previously defined illegal instruction 
opcodes, the MC68010 defines eight breakpoint illegal 
instructions with the bit patterns $4848-$484F. These 
instructions cause the processor to enter illegal instruction 
exception processing as usual, but a breakpoint bus cycle is 
executed before the stacking operations are performed. The 
processor does not accept or send any data during this cycle. 
Whether the breakpoint cycle is terminated with a DTACK, BERR, or 
VPA signal, the processor will continue with the illegal 
instruction processing. The purpose of this cycle is to provide 
a software breakpoint that will signal external hardware when it 
is executed. 

Word patterns with bits 12-15 equaling 1010 or 1111 are 
distinguished as unimplemented instructions and separate 
exception vectors are given to these patterns to permit efficient 
emulation. This facility allows the operating system to detect 
program errors, or to emulate unimplemented instructions in 
software. 

Privilege Violations 

In order to provide system security, various instructions are 
privileged. An attempt to execute one of the privileged 
instructions while in the user state will cause an exception. The 
privileged instructions are: 

AND Immediate to SR 
EOR Immediate to SR 
MOVE to SR 
MOVE from SR 
MOVEC 
MOVES 

Tracing 

MOVE USP 
OR Immediate to SR 
RESET 
RTE 
STOP 

To aid in program development, the MC68010 includes a facility to 
allow instruction-by-instruction tracing. In the trace state, 
after each instruction is executed an exception is forced, 
allowing a debugging program to monitor the execution of the 
program under test 

The trace facility uses the T bi t in the supervisor portion o-f 
the status register. If the T bit is negated (off), tracing is 
disabled, and instruction execution proceeds from instruction to 
instruction a~ normal. If the T bit is asserted (on) at the 
beginning of the execution of an instruction, a trace exception 
will be generated as the execution of that instruction is 
completed. 
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If the instruction is not executed, either because an interrupt 
is taken, or the instruction is illegal or privileged, the trace 
exception does not occur. The trace exception also does not 
occur if the instruction is aborted by a reset, bus error, or 
address error exception. 

If the instruction is indeed executed and an interrupt is pending 
on completion, the trace exception is processed before the 
interrupt exception. If, during the execution of the instruction 
an exception is forced by that instruction, the forced exception 
is processed before the trace exception. 

As an extreme illustration of the above rules, consider the 
arrival of an interrupt during the execution of a TRAP 
instruction while tracing is enabled. First the trap exception is 
processed, then the trace exception, and finally the interrupt 
exception. Instruction execution resumes in the interrupt handler 
routine. 

Bus Error 

Bus error exceptions occur when external logic terminates a bus 
cycle with a bus error signal. Whether the processor was doing 
instruction or exception processing, that processing is 
terminated, and the processor immediately begins exception 
processing. However, if a bus error occurs during exception 
processing for a bus error, address error, or reset, the 
processor detects a double bus fault and halts. When exception 
processing is completed, instruction execution continues at the 
address contained in exception vector table entry two, at offset 
$008. 

Exception processing for a bus error follows a slightly different 
sequence than the sequence for group 1 and 2 exceptions. In 
addition to the four steps executed during exception processing 
for all other exceptions, 22 words of additional information are 
placed on the stack. This additional information describes the 
internal state of the processor at the time of the bus error and 
is reloaded by the RTE instruction to continue the instruction 
that caused the error. 

The value of the saved program counter does not necessarily point 
to the instruction that was executing when the bus error 
occurred, but may be advanced by up to five words. This is due 
to the prefetch mechanism on the MC68010 that always fetches a 
new instruction word as each previously fetched instruction word 
is used (see Instruction Prefetch). 
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However, enough information is placed on the stack for the bus 
error exception handler routine to determine why the bus fault 
occurred. This additional information includes the address that 
was being accessed, the function codes for the access, whether it 
was a read or a write, and what internal register was included in 
the transfer. 

The fault address can be used by an operating system to determine 
what virtual memory location is needed so that the requested data 
can be brought into physical memory. The RTE instruction is then 
used to reload the processor's internal state at the time of the 
fault, the faulted bus cycle will then be rerun and the suspended 
instruction completed. If the faulted bus cycle was a 
read-modify-write, the entire cycle will be rerun whether the 
fault occurred during the read or the write operation. 

An alternate method of handling a bus error is to complete the 
faulted access in software. In order to use this method, use of 
the special status word, the instruction input buffer, the data 
input buffer, and the data output buffer image is required. If 
the bus cycle was a write, the data output buffer image should be 
written to the fault address location using the function code 
contained in the special status word. If the cycle was a read, 
the data at the fault address location should be written to the 
images of the data input buffer, instruction input buffer, or 
both according to the DF and IF bits. 

In addition, for read-modify-write cycles, the status register 
image must be properly set to reflect the read data if the fault 
occurred during the read portion of the cycle and the write 
operation (i.e., setting the most significant bit of the memory 
location) must also be performed. This is because the entire 
read-modify-write cycle is assumed to have been completed by 
software. Once the cycle has been completed by software, the RR 
bit in the special status word is set to indicate to the 
processor that it should not rerun the cycle when the RTE 
instruction is executed. If the rerun flag is set when an RTE 
instruction executes, the MC68010 still reads all of the 
information from the stack. 

Address Error 

Address error exceptions occur when the processor attempts to 
access a word or long word operand or an instruction at an odd 
address. The effect is much like an internally generated bus 
error, so tha t tr .. e bus cyc Ie is aborted, and the processor begins 
exception processing. 
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After exception processing commences, the sequence is the same as 
that for bus error including the information that is stacked, 
except that the vector offset refers to the address error 
exception vector. If an address error occurs during exception 
processing for a bus error, address error, or reset, the 
processor detects a double bus fault and halts. 

An address error will execute a short bus cycle followed by 
exception processing. This short bus cycle is similar to a 
normal read or write cycle, except that the data strobes are not 
asserted and no external signals are used to terminate the cycle. 
During an address error bus cycle, AS is asserted to indicate 
that the MC68010 will drive the address bus (thus allowing for 
proper operation in a multiple bus master system). Note that 
data strobes are not asserted allowing for address error 
detection and memory protection. 

Since the address error exception stacks the same information 
that is stacked by a bus error exception, it is possible to use 
the RTE instruction to continue execution of the suspended 
instruction. However, if the software rerun flag is not set, 
the fault address will be used when the cycle is rerun and 
another address error exception will occur. Therefore, the user 
must be certain that the proper corrections have been made to the 
stack image and user registers before attempting to continue the 
instruction. With proper software handling, the address error 
exception handler could emulate word or long word accesses to odd 
addresses if desired. 

Return From Exception 

In addition to returning from any exception handler routine, the 
RTE instruction is used to resume the execution of a suspended 
instruction by restoring all of the temporary register and 
control information stored during a bus error and returning to 
the normal processing state. 

For the RTE instruction to execute properly, the stack must 
contain valid and accessible data. The RTE instruction checks 
for data validity in two ways; first, by checking the 
format/offset word for a valid stack format code, and second, if 
the format code indicates the long stack format, the long stack 
data is checked for validity as it is loaded into the processor. 
In addition, the data is checked for accessibility when the 
processor starts reading the long data. Because of these checks, 
the RTE instruction executes as follows: 
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1. Determine the stack format. This step is the same for any 
stack format and consists of reading the status register, 
program counter, and format/offset word. If the format 
code indicates a short stack format, execution continues 
at the new program counter address. If the format code is 
not one of the MC68010 defined stack format codes, 
exception processing starts for a format error. 

2. Determine data validity. For a long stack format, the 
MC68010 will begin to read the remaining stack data, 
checking for validity of the data. The only word checked 
for validity is the first of the 16 internal information 
words. This word contains a processor version number in 
addition to proprietary internal information that must 
match the version number of the MC68010 that is attempting 
to read the data. 

This validity check is used to insure that in dual 
processor systems, the data will be properly interpreted 
by the RTE instruction if the two processors are of 
different versions. If the version number is incorrect 
for this processor, the RTE instruction will be aborted 
and exception processing will begin for a format error 
exception. Since the stack pointer is not updated until 
the RTE instruction has successfully read all of the stack 
data, a format error occurring at this pOint will not 
stack new data over the previous bus error stack 
information. 

3. Determine data accessibility. If the long stack data is 
valid, the MC68010 performs a read from the last word of 
the long stack to determine data accessibility. If this 
read is terminated normally, the processor assumes that 
the remaining words on the stack frame are also 
accessible. If a bus error is signaled before or during 
this read, a bus error exception is taken as usual. After 
this read, the processor must be able to load the 
remaining data without receiving a bus error; therefore, 
if a bus error occurs on any of the remaining stack reads, 
the MC68010 treats this as a double bus fault and enters 
the halted state. 

INTERFACE WITH M6800 TYPE PERIPHERALS 

To interface synchronous M6800 type peripherals with the 
asynchronous MC68010, the processor modifies its bus cycle to 
meet the M6800 cycle requirements whenever an M6800 device 
address is detected. This is possible since both processors use 
memory mapped I/O. 
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Three signals on the processor provide the periphersl interface. They 
are: 

o Enable (E) 

o Valid Memory Address (VMA) 

o Valid Peripheral Address (VPA) 

Enable corresponds to the E or phase 2 signal in existing M6800 
systems. The bus frequency is one tenth of the incoming MC68010 
clock frequency. The timing of E allows 1 megahertz peripherals 
to be used with an 8 megahertz MC68010. Enable has a 60/40 duty 
cycle; that is, it is low for six input clocks and high for four 
input clocks. This duty cycle allows the processor to do 
successive VPA accesses on successive E pulses. 

At state zero (SO) in the cycle, the address bus is in the 
high-impedence state. A function code is asserted on the 
function code output lines. One-half clock later, in state 1, 
the address bus is released from the high-impedence state. 

During state 2, the address strobe (AS) is asserted to indicate 
that there is a valid address on the address bus. If the bus 
cycle is a read cycle, the upper and/or lower data strobes are 
also asserted in state 2. If the bus cycle is a write cycle, the 
read/write (R/W) signal is switched to low (write) during state 
2. One-half clock later, in state 3, the write data is placed on 
the data bus, and in state 4 the data strobes are issued to 
indicate valid data on the data bus. The processor now inserts 
wait states until it recognizes the assertion of VPA. 

The VPA input signals the processor that the address on the bus 
is the address of an M6800 device (or an area reserved for M6800 
devices) and that the bus should conform to the phase 2 transfer 
characteristics of the M6800 bus. Valid peripheral address is 
derived by decoding the address bus, conditioned by the address 
strobe. Chip select for the peripherals is derived by decoding 
the address bus conditioned by VMA. 

After recognition of VPA, the processor ensures that the enable 
(E) is low, by waiting if necessary, and subsequently asserts VMA 
two clock cycles before E goes high. VMA is then used as part of 
the chip select equation of the peripheral. This ensures that 
the M6800 peripherals are selected and deselected at the correct 
time. The peripheral now runs its cycle during the high portion 
of the E signal. The cycle length is dependent strictly upon 
when VPA is asserted in relationship to the E clock. 
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Since external circuitry asserts VPA as soon as possible after 
the assertion of AS, VPA is recognized as being asserted on the 
falling edge of S4. No "extra" wait cycles will be inserted 
prior to the recognition of VPA asserted and only the wait cycles 
inserted to synchronize with the E clock will determine the total 
length of the cycle. The synchronization delay will be some 
integral number of clock cycles within the following two 
extremes: 

1. Best Case - VPA is recognized as being asserted on the 
falling edge three clock cycles before E rises (or three 
clock cycles after E falls). 

2. Worst Case - VPA is recognized as being asserted on the 
falling edge two clock cycles before E rises (or four 
clock cycles after E falls). 

During a read cycle, the processor latches the peripheral data in 
state 6. For all cycles, the processor negates the address and 
data strobes one-half clock cycle later in state 7 and the enable 
signal goes low at this time. Another half clock later, the 
address bus is put in the high-impedence state. During a write 
cycle, the data bus is put in the high-impedence state and the 
read/write signal is switched high. The peripheral logic must 
remove VPA within one clock after the address strobe is negated. 

DTACK should not be asserted while VPA is asserted. Notice that 
the MC68010 VMA is active low, contrasted with the active high 
M6800 VMA. This allows the processor to put its buses in the 
high-impedence state on DMA requests without inadvertently 
selecting the peripherals. 

During an interrupt acknowledge cycle while the processor is 
fetching the vector, if VPA is asserted the MC68010 will assert 
VMA and complete a normal read cycle. The processor will then 
use an internally generated vector that is a function of the 
interrupt being serviced. This process is known as 
autovectoring. The seven autovectors are vector numbers 25 
through 31 (decimal). 

Autovectoring operates in the same fashion as the M6800 interrupt 
sequence. The basic difference is that there are six normal 
interrupt vectors and one NMI type vector. As with both the 
M6800 and the MC68010's normal vectored interrupt, the interrupt 
service routine can be located anywhere in the address space. 
This is due to the f~ct that while the vector numbers are fixed, 
the contents of the vector table entries are assigned by the 
user. 

Since VMA is asserted during autovectoring, the M6680 peripheral 
address decoding should prevent unintended accesses. 
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CLOCK OSCILLATOR AND RESET CIRCUIT 

SECTION 2.1 
CPU Theory 

The whole system starts with a 40 megahertz oscillator (Y750) 
which is run through a divider chain (U456) and generates a 4 
phase, 10 megahertz clock. They are shown on the top right 
corner of Figure 2.1-3. The phases are basicially just four 90 
degree out of phase lines. 

There is also a reset chain (U656) and the 68010 generates a 
reset by pulling them both low. They are both reset at the 
same time. The clock is what starts everything running, and this 
system has been made to be as synchronous as possible. So almost 
eveything that happens is synchronous to one of the four phases 
of the clock. 

The processor status circuit across the center of Figure 2.1-3 is 
basically a latch that drives a number LED's. The latch is 
strobed by writing to the Boot ROM (which is normally a read only 
device and the led's indicate the state of diagnosis in the 
system. Normally all of the red led's would be off. On power up 
the system goes through self test and flashes the lights as it 
goes through the various sub-sections. There's one light for 
each board. 

The operation and code definitions of these LED's are given in 
Section 4 of the Field Service Manual. 

As mentioned earlier, one of the things the 68010 processor 
provides is a sort of divide by 10 clock. It is called a divide 
by 10 clock and it's a clock that has timing that is compatible 
with the Motorola 6800 family of processors for compatibility. 
It is a 1 microsecond period but is not a 50% duty cycle, it is a 
4 and 1/2 cycles up. 
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CPU AND BUFFERING CIRCUIT 

SECTION 2.1 
CPU Theory 

The 4404 system is built around the 68010 to make the most 
efficient use of the signals and timing of the 68010. 

Basically, the 68010 is surrounded with functions that are for 
support or electrical buffering including; bi-directional buffers, 
data bus buffers, U367 and U467 are unidirectional, address bus 
buffers (U459 and U559) and control signal buffers. A portion of 
the address bus goes straight out to the system because it is not 
mapped via the virtual memory implementation. The other address 
lines go through a mapping table and get translated into physical 
addresses. 

MEMORY MANAGEMENT BLOCK 

Five megabytes of the physical address space are reserved for 
memory. One megabyte of memory is implemented on the processor 
board. This memory is implemented with 256K bit dynamic RAM 
chips as 512K words of 16 bits each. The memory requires no wait 
states even with memory management enabled. Memory refresh is 
accomplished via an automatic cycle stealing mechanism. 

The 4404 memory management recognizes an 8-megabyte logical 
address space which it maps into the 8-megabyte physical address 
space. There are 2048 map entries, one for each logical page. A 
page represents 4K bytes of address space. Memory management 
provides interprocess and write protection on a page by page 
basis. Virtual memory is provided by demand paging when a bus 
fault occurs. 

MAIN MEMORY 

In a virtual memory system the processor can address more memory 
than is physically implemented. By going through a mapping 
function the system is fooled into believing that there is 8 
megabytes of memory in the system and actually there is only 1 or 
2 megabytes of physical memory implemented. The rest of the 
memory is kept on the hard disk in the Mass Storage Unit and only 
brought in when the processor wants to talk to it. So the 
processor makes what is called virtual memory references. 

A circuit extelnal to the processor translates the virtual memory 
references into physical memory references and determines whether 
that physical memory is actually in the system or not. 
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SECTION 2.1 
CPU Theory 

There are a number of control signals that come out of the 68010 
for controlling the buffers so that other bus masters or DMA 
devices can be put in the system. 

These are the Signals that determine the interrupt processing. 
The signals into U450 (shown on the top right of the schematic) 
determine 68010's operating mode. The processor can run 
in user mode or supervisor mode to give a level of protection to 
programs which are running. 

The system is a multitasking system and therefore can run more than 
one program at a time. One of the functions of memory management 
is to protect those programs from one another. So usually the 
programs will run in this protected mode. There has to be an 
overseer (U556) which controls the interaction between programs 
not programs but in and out of the system. This other mode, the 
supervisory function, is to handle the supervisor or system mode. 

There are additional buffers and a pull up resistor package 
(R662) that is designed to pull things up to the appropriate 
state when they are not driven. 

The autovector function that is built into the 68010 for handling 
interrupts to the processor determines when the interrupt is 
being processed by that signal that is fed back into the 
processor through U450 and U453. The processor tells itself a 
standard location to go to for handling an interrrupt as opposed 
to having the interrupting device supply that information. 

There's also a mechanism on U453 for allowing it to run the 6800 
style bus cycles. This is used on the Debug Port and it also 
gets polled. 

MEMORY MANAGEMENT CIRCUIT 

The Memory Management circuit starts with the RAM and basically a 
look up table that translates the virtual address given by the 
ou~. The virtual address is given to the processor and the 
physical address is given to the rest of the system. The RAM is 
2000 entrys by 16 bits wide so that the entire virtual space can 
be mapped in there. That corresponds to the 11 bits of the 
address bus that has come through. Those bits come out and then 
can be mapped into the physical address space and there isn't RAM 
everywhere sinc€ there are also peripheral devices taking up 
memory space. 
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SECTION 2.1 
CPU Theory 

In addition to the actual translation of the address there are 
also some additonal bits included in the RAM to indicate whether 
that particular virtual memory page is really out there in memory 
or whether it is still out there on disk also whether or not this 
program is allowed to write to that page or not and whether it 
has written to that page or not. This is important, because, 
if the pages that are in memory have been written to they must be 
cleared out and put back on the disk when another starts to run. 

Since the programs all want to run at the same address they are 
given their own address space. These addresses are then 
translated through a multiplexer and go out as the system address 
lines. They go through a multiplexer because, there are some 
times when the processor is in system or supervisor mode and the 
programmer will want to some pages for running a program that 
will require an override of the protection for the mapping 
scheme. So the multiplexer goes ahead and maps the same address 
lines that come into the RAM on through. 

There are 3 bits (located in the middle of the Figure 2.1-5 next 
to the MUX block) which indicate that something has been loaded 
into that page and what program is associated with it. The idea 
being that there may be any number of programs running at anyone 
time and they don't necessarily share the same address space of 
the computer. 

This mapping function is done in a PAL that determines whether 
the reference made by the processor is valid or not. The 
determination is based on the information that comes out of the 
RAM and on the information given to it by the running program. 
What has to happen is that the processor is making a reference 
for a program that has the same identification code which is 
stored in the RAM table for that location. The PAL makes sure 
that the processor is not trying to write to a page which is 
write protected and that it is actually in virtual memory mode. 

When all those things happen the cycle goes ahead and proceeds if 
one or more of those things is wrong then the cycle is blocked 
and the processor gets a bus fault. The processor then traps 
into a routine that brings the supervisor into play and does the 
appropriate action. It either causes an error routine to be 
reported back to the program or tried to write a page which isn't 
writable, or brings a page into memory from the disk. This is 
how the virtual side of virtual memory is actually implemented. 
(Refer to Figure 2.1-6 for the Memory Management Circuit.) 
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SECTION 2.1 
CPU Theory 

There are a few latches which allow test things to be tested and 
to read back the status. They basically provide control of 
mapping that over into the screen. The RAM chips (U357 
and U365) provide the 2k x 16 bits. A multiplexer chain 
(U278, U279 and U283) takes the pyhsical addresses as mapped by 
the RAM, or the addresses as straight from the processor, and 
brings them out the system address bus. 

Along with the PAL (U379) which controls the system, there are a 
couple of latches (U371 and U375) which allow information to be 
fed in and read back out again. There are bi-directional buffers 
to write or read the data in the RAM to configure as needed. A 
separate buffer (U350) provides the function of one more latch 
for holding the data. 

It may be necessary to update the dirty bit whenever a reference 
is made. When the processor writes to a page it must remember 
the fact that it wrote to the page so that when it comes time to 
dispose of it and put it back on the disk instead of just putting 
it back in the stack. It is necessary to detect that it's a 
write cycle and set the dirty bit on the page. 

That is done by reading the data out, coding it and writing it 
back in the cycle. The dirty bit is determined from the PAL, 
whether it was dirty before or if gets written to, it becomes 
dirty. So the rest of the bits have to be written back in as 
well, because they're all in one chip. At least their data needs 
to be maintained. The purpose of the latch is to feed the 
data back in again and not write it at the same time. U175 is 
there to generate some signals for the rest of the system to 
determine what has been mapped to the address. 

If the memory expansion board with the extra 1 megabyte Of RAM in 
plugged into the system all 2000 pages (the entire address space) 
of memory are available for any particular program. These are 
from address line 22 down to address line 12. The lower address 
lines go straight through providing 8 megabytes worth of address 
space. 

This same circuitry works 1n a different mode to takee care of 
bringing the data off the disk and making sure sure that its in 
the right spot in memory, that it's being accessed by the memory 
map. 

When the processor is in the supervisor mode the address out to 
the system takes the address straight from the processor as 
opposed to what came out of the RAM. The control of handling the 
RAM, updating it and determining whether or not this is a good 
cycle is blocked off. The supervisor is now in control and the 
supervisor can go out to the disk bring data in and put the data 
anywhere it wants in memory. 
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SECTION 2.1 
CPU Theory 

The Map Control Register (U371) is the resource that the 
processor can write in to. Bits being processed, i.e. whether 
you want to (whether the VM is going to be enabled), whether you 
do enter a user space or not and the last bit says whether the 
map is available for reading or writing as a memory itself. The 
next one is read with a map control write signal that says its an 
address and you can write to it. 

Another register responds when reading a map control register 
(reading the same address) and it tends to look as though you can 
simply write into the register and write the contents out. 
That's not really the case, At this point it'll get written into. 
However, this is in itself another latch (U375), which is only 
written to when you make a user mode reference. And so this 
represents the status of the last user mode reference. For 
example if you want to write something and see what got written 
into the register you have to make a user mode reference and then 
you have to read out of that. You have that register to see what 
the status is. 

BOOT ROM 

The 4404 implements 16 kilobytes of EPROM to get everything 
started. The EPROM's contain a program that tests the system, 
gives the user options to start up different programs other than 
the Default (the Normal) program that is obtained from the disk 
and begin writing. (See Figure 2.1-7.) 

The EPROM is mapped in and can be switched where it is in the 
address space. This is because the first thing that the 
processor does after it comes up from reset is to look at a 
particular address space to find out where it should begin 
execution. When there is a reset to the system, the set reset 
flip-flop (U171) comes in and turns on the Boot ROM. 

This flip-flop is also used on the system bus drivers (data bus 
drivers) to turn them off. Effectively no matter where the 
processor looks in memory its going to see the Boot ROM. And the 
policing of the addresses are brought straight in from the 
processor. 

So the processor can execute out of the ROM with no problem, it's 
just no matter where it goes in the memory states it sees the 
Boot ROM. So it pulls out the fact that it wants to begin 
execution at a particular spot in memory. It goes to that spot 
in memory and the Boot ROM is there as well. 
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SECTION 2.1 
CPU Theory 

The EPROM then begins to do some of the self test and set things 
up so that it can really handle the rest of the system. 

In addition to the decode function, the flip-flop (U171) has to 
turn off the sound generator circuit because that thing 
comes up in a random state. So when it turns it off it also 
turns off the Mapping of the Boot ROM to everywhere in the 
system. Now the Boot ROM responds only to its home location (its 
special decode address). But the program has already been told 
to execute there so it continues to execute into the Boot ROM. 

ADDRESS DECODING AND INTERRUPT BLOCK 

ADDRESS DECODER 

The decode chain, (Address Decode) shown in Figure 2.1-8, is for 
the system and includes things like the Boot ROM on it. 5 Banks 
of main memory (seen on U179) are called out. There actually 
exists only the main memory on the CPU Board and the optional 
second bank which comes in, so it'll bank one. The decodes on 
U183 are for the display memory, and the miscellaneous things on 
the I/O Board including; the expansion EPROM sockets, the Debug 
RAM, and the I/O Expansion. There is one spare bank. The 
decodes on U383 are for the I/O devices and control registers 
that are on the CPU card itself. 

These strobes are basically just address decodes, that is to say 
that there is not a lot of timing information associated with 
them. The timing information is handled separately that is not 
purely correct because this valid address signal into U183 has 
some timing. Basically it keeps things from being decoded until 
the mapping RAM in the virtual memory has had the chance to 
actually look up the page and try and decode it. 

Starting from address 0 you have up to 2 megabytes of RAM there. 
The address space actually decodes another 3 banks of RAM, but 
there's no provision in the 4404 to use it at the present time. 
If the memory expansion board had four megabytes on it instead of 
1 megabyte, it could decode all 4 banks of RAM. See Figure 
2.1-8. 

2.1-56 4404 COMPONENT-LEVEL SERVICE 



~ 
~ 
0 
~ 

() 
0 ::s: 
"'CI 
0 
:;z: 
M 
Z 
1-3 
I t:I:J 
l' .... 
M (JQ 

<: c 
M .., 
l' (I) 

en I\) 
M • 
::0 ~ 

<: I 
H (l) 
() 
M 

~ a-
a-.., 
(I) 

01 
01 

:r 
0 
0 
a-
(I) 

n .... .., 
0 
C .... 
c-t 
" 

O .. bu • .rnt 0 

VS nclnt 
UAR TInt 
S arplnl 

CStlnt 0 

MAlnt 
TPlnt 0 

f\) 

CSllnt 
ar&!ln 

ARTln 
S neIn 
HAtnt 
P n 

Boot PROM 

A2G7 
13-4.711 

4 

Pull-up 
Resistor 

Interrupt Encoder 

1~271 

4 ;> 
~S G EO 

5 GS~4 1 
13 " 
12 ~ AZ G IPl2" 

1 1 A1 7 tPL1 r" AI! 

IPLI!° 
EI 

: 

Address Decode 
Chain 

U179 

U183 

Pal: 1/0 

Pr~r Acknowledge 

liI'i'IAI!~~~~jf::; 
><tDtAcl< 
xlMemA 
DolEn- 4 
IOAck ~~~ ____________ -A~ ... 
emAck Ii 
is flck 2 U4S8 
a ,,0 

U4GS 

To 
Main 

Memory 

::;:,. !: ] )a1 P.bnS,)" 
~~----~~--~USG2 

4-blt 
Counter 

U8S8 

~~L-----------------~~L-~U7S3 

5610-7 



SECTION 2.1 
CPU Theory 

The 68010 is a handshake bus, it puts puts out a signal (an 
address) that tells you there is an address out there. Waits for 
a while and does some data strobing information. Basically it 
waits for an Acknowledge from the device that you are going to 
access, to come back before it proceeds. This means that any 
device can have practically any amount of time that it needs to 
to respond. If you have slow EPROMS they just don't respond 
until they're ready to and the processor goes on. 

As an example, if there isn't a Memory Expansion Board plugged in 
then why access the second bank of memory. The processor would 
wait forever. So what the devices have to do is tell the 
processor that there isn't anybody out there, nobody is ever 
going to respond to this. 

The 4-bit counter (U858) shown in Figure 2.1-8 takes care of 
that. When it reaches the count of 15 it feeds back on itself 
and holds on 15. It is driven from the divide by 10 processor 
clock. So you have 15 times 10 processor clock cycles as the 
worst case. This means there are 15 microseconds to go out and 
get things turned back into the processor. After that we drive a 
signal called Bus Error which tells the processor there's nobody 
out there and to proceed to handle the fact that the device isn't 
there. 

Notice that the Block signal from memory management comes back 
and gets OR'ed together at U753. Then the processor will read 
the status register to determine that what caused the cycle not 
to finish was the fact that it was trying to talk to a virtual 
memory page that wasn't there, as opposed to a real memory page 
that wasn't there. At the Processor Acknowledge (U450) shown in 
Figure 2.1-8 are the various signals coming back, acknowledging 
the fact that the cycle was being made. 

The signal Block comes into U458 to inhibit the acknowledge. In 
other words the device may have tried to respond to an access 
that ·(wasn't in) didn't belong to the appropriate program. It 
wasn't a real page or something was mapped which had either, 
another programs address, or no valid address. The signal Block 
keeps the processor from proceeding in that case and data 
acknowledge signal (DTACK) comes back into the processor. The 
Acknowledges that come from the mapping RAM, display, the memory, 
and from the local I/O come together on U450. 

The decoders U179 and 
of 8 basic decoders. 
address lines and get 
space into 8 pieces. 

2.1-58 

U183 in the Address Decode chain are 1 
I/O gets mapped into a subsection of these 
split for breaking the correct address 
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SECTION 2.1 
CPU Theory 

The pieces come down and enable the next level of decode which is 
the next three address lines. Which breaks the address space 
into a subset of 8 pieces on that 1 of 8. That comes down there 
and enables the local I/O, that is to say the I/O devices and 
control registers which are actually on CPU Board. 

U383 generates some control signals, strobes and timing. The 
Control signals try and access the Boot ROM. Upper data strobes 
and lower data strobes are used to split the 16-~it data bus down 
into 8-bit bytes and allows the write signal come through. U383 
is another PAL, programmed device, which then gives the control 
strobes out to the I/O devices and also brings back the local I/O 
Acknowledge. An address comes into the decoder and generates a 
Select on sound and an Acknowledge from local I/O Acknowledge. 
The local I/O Acknowledge feeds back to the processor through 
Processor Acknowledge. 

INTERRUPT ENCODER 

Even though the automatic vector generation of the 68010 is used 
an encoded interrupt code must be supplied by the interrupt 
encoder (U271) to have the different levels of interrupts. 

At the highest level (Debuglnt) is what was called a non-maskable 
interrupt in the CPU Block discussion. This line is allocated to 
the debugger so a host machine can take control of the 4404. 
There are six other levels of interrupts. The bottom level 
indicates no interrupt. The other four are for the various 
interrupt driven devices, except a spare in the middle, the 
bottom one is actually shared. 

The 68010 responds to the fact that the signal is no longer 
zero. When it sees that signal (EI on U271) go non-zero there is 
an interrupt pending on this level. It has an internal register 
which it matches the level against to say whether it's been 
enabled to that level or not. If the level of priority here 
exceeds the level of priority in the internal register, it 
accepts the interrupt at the next instruction break and goes 
ahead and processes it. 

There is a pull-up pack (R267) to ensure that when things are 
unplugged the interrupts get pulled to the appropriate level. 
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SECTION 2.1 
CPU Theory 

The logical space shown in Figure 2.1-9 is given from the 
processor. It is a 24-bit (or 16 megabyte) space. The bottom 8 
megabytes, address a through address 7FFFFF, goes through the 
Memory Map RAM and out into the Physical Space. The first block 
of the Physical Space is that top level decoder, Address Decode, 
shown in Figure 2.1-8. 

This next block, I/O and ROM Space, takes one of those blocks and 
further splits into 8 (the next level of decode). One of those 
is taken through the Pal and you get the decodes shown on the 
Processor Board I/O. There's another one that goes off to the 
Peripheral Board I/O and it is also broken into 8 spaces. 

The Physical Space takes the 23 address lines and divides them 8 
down to 1 megabyte blocks. So the first block of the Physical Space 
is the 1 megabyte of memory on the CPU board and the second block 
is the 1 megabyte of memory on the expansion board. The blocks 
in the middle are not presently used. 

A 1 megabyte space is allocated to the display. The last 
megabyte block comes down to the next level of decode. That 
decode has the EPROM on the Peripheral Board I/O, all the I/O 
selects that are on the other board, all the selects for the 
register and I/O on the CPU Board. The selects include Debug 
RAM and Boot ROM. Each space is 1/8 of a megabyte (128k). 

Figure 2.1-9 shows the address space for each block that is 
there and the decodes the decodes for the processor board. 

The Memory Address Space Allocation at the bottom of Figure 2.1-9 
on the Memory Map shows: 

o That portion of the address is run through that memory 
address RAM. 

o The bottom 8 megabytes is shown going straight through. 

o That the least significant bit (0) is not really there. So 
as far as a user program is concerned the most significant 
bit is always run. 

o U/L (the upper and lower data strobes) determine whether the 
upper half of the 16 bit bus or the lower half is being 
addressed. 

o "bank" is the bank select for RAM. 

o Rowand column addresses of the RAM 

o "b" is another bank select 
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SECTION 2.1 
CPU Theory 

Bit "b" is taken out of the middle as opposed to up on the top 
where the bank is located so that it is part of the straight 
through address. This select determines early in the bus cycle 
which one of the half megabyte blocks of memory to throw RAS on 
and not throw RAS on the alternate one to save power. 

MAIN MEMORY CONTROL 

The 68010 puts out some address lines it then waits about 20 
nanoseconds and then puts out an address strobe to indicate that 
here's the start of the cycle. The processor will then sit and 
wait until it Acknowledge's the cycle. If you can get that 
Acknowledge back within a short increment of time the memory 
cycle will proceed for what is the full speed of the 68010. If 
it waits any longer than that it will start to slip by clock 
ticks. Which are 100 nanosecond intervals. So the 68010 sits in 
what are called Wait States. 

The 4404 runs the main memory with no wait states to get full 
performance from 68010 processor. This is acoomplished by using 
the mapping function to map virtual addresses to real addresses 
before the main memory reference is made. 

One of the key considerations in the 4404 architecture is how the 
memory mangagement is implemented and how the main memory timing 
works is an attempt to run a mapped memory reference with no wait 
states. 

The memory pages are 4k byte boundries. That means that the 
bottom 12 bits of address are unmapped. Therefore those 
address lines are valid very early in the cycle (virtually when 
the cycle starts). The upper address lines are not available 
immediately and you have to wait for the mapping function to go 
through its cycle and to make sure that there is a reference to be 
valid. 

The addreSSing into dynamic memory array is broken down into 2 
cycles. 9 address lines are strobed with the Row Address Strobe, 
(RAS). Then the chip takes those strobes, switches a multiplexer 
over and gives them an additional 9 address lines. It takes 
about 75 nanoseconds for the chip to get to the upper 9 address 
lines. 
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SECTION 2.1 
\ CPU Theory 

In this memory implementation as soon as the memory cycle comes 
out of the 68010 the bottom address lines are driven to the 
memory array. Then starting immediately the memory array throws 
a RAS. Refer to Figure 2.1-10. While the memory chips are 
taking the address that was thrown during the RAS, the Memory 
Management Unit is checking the upper address lines to see if 
they are valid. When the translation is done, it is in time for 
CAS. 

The memory array then looks to verify that the address is really 
for that bank of memory and if it is valid, then CAS is thrown. 
Thereby completing the cycle. If it turns out not to be for that 
bank of memory, then CAS is not thrown and it is called a Refresh 
Cycle. Nothing is affected. 

Figure 2.1-10 shows the BusCycle coming in, which is derived from 
the address strobe out of the 68010. This immediately drives RAS 
to the array and starts the cycle. 

The circuitry of Figure 2.1-11 shows the BusCycle signal coming 
into U762 for conditioning. This signal then fires the clock 
(clk) at a point that we can start a cycle. The 4 lines accross 
R765 drive the RAS lines to the memory chip. 

The memory array is implemented 16 bits wide using 256k dynamic 
RAM chips. There are two banks of half a megabyte each. Address 
line 10 is used to select between the upper or lower half 
megabyte of this memory. 

Because that's an unmapped address line a RAS must be thrown at 
the start of a cycle on either the upper half megabyte or on the 
lower half megabyte, but not both. The timing diagram in Figure 
2.1-10 shows that when the RAS is gone and a memory cycle is 
starting, that line will go Busy. 

The gate U556 will then a Memory Acknowledge (MemAck) to the 
68010. Potentially memory management can remap and turn bank 0 
off and that'll cause a gliche on MemAck and because the 68010 
has a very definite period when it samples acknowledge it will be 
ignored. If it's gone Busy it'll wait for a clock check and then 
start CAS. The clock check will switch the multiplexer's over 
and throw the CAS pulse. CAS comes out the flip-flop register 
(U662) • 
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SECTION 2.1 
CPU Theory 

To generate CAS for the lower half megabyte of memory, bank 0 
must be true and the signal out of the virtual memory circuit 
must be valid before a clock is generated on the flip-flop. 

The control signals that represent a state machine type 
implemetation handled in the Memory Timing Chain circuit, U856 in 
Figure 2.1-10. The Upper and Lower data strobes for selecting 
the byte is handled inside the 68010. The processor generates an 
upper data strobe, or a lower data strobe depending which bytes 
that you want. They simply come into U659 and get gated through. 

Memory Mapping is done during RAS. 

Memory Refresh 

Dynamic memories have the constraint that every 2-4 milliseconds, 
all possible RAS addresses in memory must be cycled through. 
This must be done discretely to maintain control of the address 
lines that come in. The Ref Request on U856 triggers the refresh 
timer as the lines come into the Memory Timing Chain and get 
registered in. Ref Request is shown as Ref Timer in the timing 
diagram (Figure 2.1-10). 

A 3 clock state machine that performs a RAS or refresh cycle on 
the memory is inserted at the beginning of the next memory 
reference to hold the refresh synchronously with the cycle. The 
right side of the timing diagram in Figure 2.1-10 shows a refresh 
cycle pre-ended on a normal cycle as it is completed. 

The first portion (left side) shown on the timing diagram is a 
standard memory cycle with no refresh. Starting as the BusCycle 
is coming down again (about the middle of the diagram) we're 
starting another cycle of refresh. Refresh request is there, so 
RAS goes, CAS doesn't, it gets turned off (cleared out), and RAS 
comes down again. A refresh cycle 1gets done every 15 microseconds. 

The Refresh Timer is shown in Figure 2.1-12. It's a 16-bit 
counter and it counts every microsecond after 15 microseconds. 
Every 5th step it generates a Refresh Request (Ref Timer in the 
timing diagram), stops the counter and holds it there. Then when 
we get a Row Address Strobe (RAS) and we're doing a refresh cycle we 
can clear the counter so we can start allover again. 
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SECTION 2.1 
CPU Theory 

The Refresh Counter circuitry determinins what address lines go 
the memory array for the purpose of cycling through the 
addresses. U756 is the 8-bit counter that counts on every 
refresh cycle. The Enable on U853 gates those addresses through 
to the memory array when doing a refresh cycle. 

These address lines are normally gated into the memory array when 
not doing a refresh cycle mu)tiplexer (U466) shown in Figure 
2.1-12. Output is enabled when not doing a refresh. When 
it's not Busy it selects the lower address lines to throw AD.11 
on U462. Those lines going in are the address lines that are 
valid and available during the RAS time. Then memory timing 
enters a cycle and goes Busy, turning the switching over to the 
multiplexer. It then selects the higher address lines, which 
will be used once they're mapped. 

Figures 2.1-13 and 2.1-14 show the Upper and Lower Bytes of the 
Main Memory Array. The memory chips used in these arrays are 
standard 256K, 150 nanosecond access memories. Each bank of 
memory has 512K bytes that are separated by bytes to allow byte 
addressability on them. It takes 8 IC's for a byte on one bank. 
The buffering that is shown maintains the signal quality in all 
the address lines. All the gate loads are placed on either level 
since since the 16 nodes on the address lines and the control 
lines, the RAS, the CAS, and the Writes are broken down. 
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MEMORY MANAGEMENT 

SECTION 2.1 
CPU Theory 

Referring back to Figure 2.1-10, memory management will do the 
memory mapping and determine the decodes as to whether it's been 
cleared or not. What comes out of this memory management is that 
it does all the work. It generates. Block, which forces a Write 
to be a Read so even if a cycle gets done the memory array can't 
be hurt. So memory management allows Block to go on and disable 
Data Acknowledge going back to the 68010. However, bank 0 must 
be looked at before throwing CAS since the RAS that is thrown at the 
beginning of a cycle may be for either the main memory array or 
the memory expansion array. 

FLOATING POINT CO-PROCESSOR 

Arithmetic operations on the 4404 are assisted by a co-processor 
calculator chip, the National Semiconductor 32081. The chip is 
accessed as a memory mapped peripheral on the 68010 bus. It 
supports the IEEE floating point standard. 

In real simple terms, you basically provide commands into it (to 
the strobes) to say what you want it to do and then you provide 
the data as to what you want to have it done to. Then the 
floating point chip goes through its series of internal programs, 
computes the result and gives you a status indicator when its 
completed. 

The 4404 implements the Floating Point co-processor by using a 
mechanism in this circuit to select the chip. This mechanism 
then provides the data that the chip needs and it reads the 
result back when the floating point chip is done. 

The floating point chip (U143) is shown on the 68010 bus in 
Figure 2.1-15. It is connected directly to the 68010 rather than 
onto the system local bus to eliminate buffers. The chip itself 
does not have a high bus drive it is on a low utilization bus. 
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SECTION 2.1 
CPU Theory 

Figure 2.1-16 shows how timing is developed on the floating point 
chip. Signal R/W is coming out of the 68010 with the reading and 
writing data. It comes down, generates select (FPSel) and talks 
to the floating point chip. Everything that gets done pulls the 
SPC, "Special Processor Clock". 

The software interface for the floating point chip is given a 
command to select the floating point co-processor as opposed to 
another device. That's a protocol that is followed so the SPC 
gets pulsed and the two select lines ST 0 and ST 1 (shown on U143 
in Figure 2.1-15) are driven by address lines (AD.03 and AD.02) 
to indicate the type of access wanted. 

SPC is generated with the appropriate address lines and selects 
the National coprocessor. Then another pulse is given that 
determines what kind of command function is wanted, whether it is 
a floating point number, multiply, divide, long 64-bit floating 
point numbers, or 32 bit floating point numbers. Then a series 
of SPC clocks are generated to provide the data that is required 
to perform the selected operation. Once that is done the 
floating point chip starts processing the information and 
indicates when its completed by generating a pulse on the SPC 
line. 

From the 68010's point of view, it is only necessary to provide 
all that information and to be told when the floating point chip 
has completed its command and whether the command was completed 
normally without any errors. So the next thing that happens is 
to read back the status of the floating point chip once the SPC 
pulse has occured. 

This is controlled by a pair of flip-flops (U335). They are 
turned on with a write to floating point unit (FpWr) that 
indicates once something starts. So Busy is set and remains set 
(FpSet) until the SPC pulse comes out of the floating point, 
indicating that its done. To clear Busy the 68010 can then try 
reading the status register on the National chip. If the FPC Pal 
sees the floating point chip is Busy, it won't read the floating 
point chip. Instead a status will be returned on data bus 15 
that says it is still busy. 

Eventually, the floating point chip completes the cycle, strobes 
SPC, clearing the flip-flop. Then the next time we try to do a 
select of the status, Busy will be cleared and another SPC pulse 
to the floating point chip will be generated. At which point it 
puts the status for the completion code on the data lines and 
lets the 68010 read the status. 
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SOUND GENERATOR BLOCK 

SECTION 2.1 
CPU Theory 

Audio output is produced with a TI SN76496 sound generator chip 
which supports more than four octaves of notes on each of three 
voices. The is also white noise for a total of four voices. It 
has a software programmable volume control for each voice as well 
as an external analog volume control. 

SOUND GENERATOR CIRCUITRY 

Figure 2.1-17 shows the circuitry for the sound generator. The 
chip (U650) wants data strobed into it. It's a write only device 
with a write enable and a chip enable and will hold the strobe 
until it generates a ready (SoundRdy) out. In this 
implementation the data is strobed into a latch, and feed the 
ready (Rdy) back around with the original strobe to let it turn 
itself off when it is done. Essentially a strobe is generated 
that causes Ready to go not ready. 

As noted in the Boot ROM discussion earlier, one of the first 
things the processor has to do is go out and turn things off 
because it does come up in a random state and there's no reset. 
The signal Sound is used to turn off mapping the Boot ROM's into 
everywhere in the address space. It is the fact of turning 
off the voices (SoundOut) which allows the chip to start 
generating noise in the first place. Even that short time it 
takes to turn those off can generate sound output, so the Bit 
Clock is gated with BootEn (that same signal that keeps the Boot 
ROM's everywhere in the address space) to turn the chip off. 

The circuit generates an audio signal out, which is made to go 
into an 8 ohm speaker. It has attenuation and frequency 
controls. There is an external volume control and an external 
amplifier on the I/O Board. There's some noise and high 
frequency suppression before the sound goes out to the I/O board. 

The volume control amplifier is on the back of the I/O Board so 
the volume control knob can protrude through the back of the box. 
The result is that the amplifier comes back onto the processor 
board which has a couple of pins for the speaker on it. 
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VIDEO DISPLAY 

VIDEO INTERFACE 

SECTION 2.1 
CPU Theory 

The 4404 AIS presents information on a landscape format 640 by 
480 pixel 60Hz non-interlaced monochrome display. This display 
is driven from a bitmap of 1024 by 1024 bits with hardware to 
support smooth panning of the display over the bitmap. The 
display memory, separate from system memory, is directly 
addressable by the processor. It is implemented with 64K bit 
dynamic RAM chips as 64K words of 16 bits. This memory has a two 
port interface so that display refresh cycles do not consume 
available bus bandwidth. The processor must wait up to 640nS to 
access this memory. Display refresh also refreshes the memory 
without using any additional circuitry. 

The Display Memory Block shown in Figure 2.1-18 is a 128k byte, 
2-port RAM system, with 1 port for screen refresh, and 1 for 
processor access. The screen refresh is handled by some address 
counters and there is also control for display panning (real-time 
hardware panning) around the screen. Other parts of the video 
subsection are the video timing generations for the monitor and 
the synchronization of the pixels coming out. 

VIDEO CLOCK GENERATOR 

Figure 2.1-19 is a detailed block diagram of the 4404 Video 
Section. The video is centered around a system master clock 
similar to the processor. The Bit Clock is produced by a video 
clock generator circuit that uses a 25.2 Mhz TTL oscillator. 

The circuit for the Video Clock Generator shown in the Blcok 
Diagram is shown Figure 2.1-20. Output from the oscillator is 
gated to turn off the clock for AT testing. A counter divides 
the clock into 4 bits with the count, so there are 16 different 
states coming out. These states are used then to do the 2 
porting of the memory. The 2 porting is done by the access 
times, divide a cycle into 2 cycles. 
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VIDEO RAM TIMING 

SECTION 2.1 
CPU Theory 

The signal (BC) in Figure 2.1-21, Video RAM Timing, is the signal 
from the video clock generator. BC/4 is the four bits that 
correspond to the 16 different states that are shown on the 
timing diagram. The 16 clock periods are divided in half with 
half going to bus access and the other half going to video 
refresh access, as indicated by the signal (Bus/Video). During a 
video access (on the right side of the diagram) RAS is always 
thrown in the video memory. One video cycle is when a RAS is 
thrown, then multiplexed over and CAS is thrown to read the 
data out of the video memory. 

A Display Access Window is shown during a BusEn portion of a bus 
cycle in Figure 2.1-21. The processor must access the video RAM 
Timing during this Display Access Window to get a Bus Enable. 
Once this is accomplished the inputs to the Video RAM Timing PAL 
(U327) are displayed as a valid address (a valid display 
reference). If the processor tries an access and the cycle is 
not in that window time period it will wait and come back around 
to the next window time period to get video memory access from 
the bit processor. It does this by letting the 68010 put out an 
address strobe and waiting for the acknowledge to come back to 
give and enable. 

A bus enable signal is needed to throw RAS or CAS on a bus cycle. 
Acknowledge is also only done if there is a Bus Enable. All of 
those Signals are implemented in the PAL (U327). The inputs to 
the PAL are the Display, valid display address (ValidAddr), and 
the 4 bits coming out of the counter and the outputs are the 
signals that are shown in Figure 2.1-21. 

The average time to go to display memory is about two wait states 
or 480 nanoseconds per cycle. 

HORIZONTAL AND VERTICAL COUNTERS 

The other main circuit shown in Figure 2.1-20 makes up the 
horizontal and vertical timing counters. They supply all of the 
blanking, sync and the vertical and horizontal Signals to the 
monitor, as well as to the rest of the system. It's basically a 
an 8-bit counter for the horizontal. A decoding PROM which puts 
out ~he pulses at the right time. It's a circular counter, in 
that it's reset by the horizontal reset coming out the top, so 
it's a feedback loop. Horizontal reset coming out resets the 
counters and it starts through the cycle again. 
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SECTION 2.1 
CPU Theory 

The horizontal counter counts up to 200, then it's reset. It's 
basically the 640 pixels type of count, 640 bit times the 40 
nanosecond clock plus the 6 microseconds worth of blanking time 
and that's approximately 800 bit counts. The count is the bit 
clock divided by 4 rather than counting out each bit. This is 
done because it's not a state machine because of the feedback. 
The counter goes into a PROM, which decodes the count and it 
feeds back to the counter again. But that PROM is not fast 
enough to get it turned around every bit, so it's clocked at 
every 4th bit. So the resolution on the counting is down to the 
4-bit times. 

To count down the number of horizontal scan lines the horizontal 
count gets fed back into the vertical counter. This causes the 
vertical counter to count only 1 count for every horizontal scan 
time. So the resolution is in horizontal scan time increments. 

The horizontal sync and vertical sync signals are synchronized as 
fast as BC/4 in the latch (U131) recieves them. They go right 
out of the flip-flop to the monitor. The monitor takes TTL for 
all of it's signals. 

The vertical timing is similar, except that it's a 10-bit 
counter. It generates the syncs and blanks for the vertical 
portion and a reset that goes back around. 

VIDEO CONTROL PAL 

In addition to the control for the vertical counters the Video 
Control PAL (U323) provides the signals for manipulating the 
actual serial video data that comes in. Serial video data from 
the serializer comes down and gets NANDed and ORed in with 
inverting the screen (turning off the screen and blanking). Both 
the blanking signals get manipulated in with the serial video and 
produces the final video data that goes out to the monitor. 

There is a software controlled register that controls the 
screen on, screen off bit and it just blanks the screen. 
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SECTION 2.1 
CPU Theory 

Figure 2.1-22 shows some of the timing signals coming out of the 
Video Control PAL. There's a signal called video load (VideoLd) 
which basically loads the data from RAM into the shift register. 

Another signal for synchronizing back to the horizontal timing 
chain is BitSync. This signal comes back and helps synchronize 
the horizontal counter chain. VAD clock is the video address 
clock. It counts the video address counters during screen 
refreshes. 

There's an extra control that's generated by the video control 
PAL to help provide the panning. With a 1024 x 1024 bitmap and 
a view window that's 640 pixels across. It is necessary to get 
past the rest of the data at the end of a scan line since it is 
in sequential memory addresses. 

VadClk in Figure 2.1-22 not only increments for each loading of 
16 pixels in the shift register, but it increments 16 bit times, 
one time. When it gets to the interval line it increments the 
counters an extra 22 times to skip over what's left on the right hand 
side of the memory array and gets back to the starting scan. 

Figure 2.1-23 shows the horizontal and vertical timing signals. 
The signals shown are decoded by the PROM's. The horizontal 
count values are in terms of the bit clock divided by 4 (BC4) and 
the vertical count values are in terms of horizontal scan times. 

SCREEN POSITION AND PAN CIRCUIT 

The bits displayed on the screen are taken directly out of memory 
and placed directly on the screen. So there is a one to one 
correspondence between the pixel on the screen and a bit in 
memory. This is accomplished by painting into memory the image 
that will be displayed. 

This is a single bit per pixel system. The frame buffer is one 
bit deep with a 1024 x 1024 bitmap area. The processor controls 
the 128 kilobyte display RAM so there is an isolation block 
between the CPU and the display memory. Refer to Figure 2.1-24. 

The video control circuit provides the screen refresh. The 
screen buffer is 1024 x 1024 and the 640 x 480 view port can be 
moved anywhere within that 1024 x 1024 area. This allows real 
time panning across the frame buffer. 
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SECTION 2.1 
CPU Theory 

The counter is a 16-bit address counter which will cover 64k. 
Since the memory array is 128k bytes, each one of these addresses 
refers to a 16-bit data value. Refer to Figure 2.1-25. There 
are 16 address lines coming in. Those lines are going to bring 
16 data bits that either go to the serializer or get latched into 
a latch to go back out on the processor data bus. The video 
address counters then increment using VadClk. They get reloaded 
on a vertical blank time from the register (U837 and U841) that's 
by the start value. The start value provides the mechanism for 
word panning, for panning the screen by 16-bit increments. 

The processor can load the start value under a vertical sync 
interrupt time. During blanking, it can load a new value so so 
when it comes up again the new address will be wherever it was 
set and will increment from there. The starting address can be 
set anywhere. The software procedure that does that has certain 
bounds, so that the top of frame isn't set to be way over to the 
right of the 1024 x 1024 bitmap. 

What the Video Control and BitPan circuitry in Figure 2.1-28 does 
is to provide that pixel panning of the extra 16 bits. The start 
register produces 16 bits at a time to increment down into a 
finer bit pixel panning in the horizontal direction. The data 
coming out of the video RAM's gets loaded into a set of 
parallel-to-serial shift registers (U515 and U519). They get 
shifted out at a bit clock rate. 

To get the bit shift, the serial data gets taken through U423 and 
U523 and pipes it into a serial-to-parallel shift register set. 
Which shifts the data back out parallel and then the multiplexers 
pick a bit off one of those 16 lines to provide, what is a 
digital delay line. The control lines that input to the 
multiplexers are determined by the Video Control and Bit Pan 
Register. 

Word panning is done in the same manner. There's 4 bits coming 
out of U331, and anyone of these can be picked off to produce a 
delay line. Once the pan address is set these 4 bits allow 
smooth panning in the horizontal direction as well as the 
vertical direction. The same register is also used to do the 
screen inverting (screen off), and for enabling the vertical sync 
interrrupt. Vertical sync interrupt is derived from the vertical 
blank signal to allow the enable to be reset. 
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SECTION 2.1 
CPU Theory 
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Section 2.2 

I/O BOARD THEORY 
GENERAL DESCRIPTION 
The 110 boan! contains the interfaces to the various 4405 peripherals. These peripherals provide 
user interface. communications and mass storage devices. 

The 110 boan! is simply an extension of the 68020 bus. having the same buses that are on CPU 
Boan!: data buses. address buses. enables. and interrupt buses. So those buses are considered as 
extending through the whole system. It is essentially what you would think of as on most 
backplane-type systems. But this is not a backplane, it is just bus signals that go through the 
whole system. 

Figure 2.2-1 shows the different I/O devices hanging off the data bus and address buses. There is 
a level of buffering to handle the loading on those address and data lines that's not shOWD. The 
I/O board contains a number .of .peripheraldevices.all ,on .one .board .because.the connectors.are 
that feed out the back of the system are on this board. 

The major functions on the I/O Boan! are: 

• Oock/Calender with battery backed up RAM 

• IntelVal Timer 

• Printer Interface 

• I/O Address Decoding 

• Address nata Buffering 

• Reset Switch 

• Audio Amplifier 

• Option PROM's 

• SCSI Interface 

• Mouse Interface 

• Keyboan! Interface 

• RS-232 Interface 
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110 BOARD THEORY 

CLOCK/CALENDER 
Time of day service is provided by a crystal controlled clock/calendar chip, the Motorola 146818, 
with a battery backup power supply. The clock records time up through months and down to 
tenths of a second. The clock chip also provides fifty bytes of battery backup RAM. 

Figure 2.2-2 shows the circuitry for the address and data line buffering as well as the 
clock/calender with battery backed up RAM CircuiL The calender and battery backed up RAM 
circuit is provided by a CMOS calender chip, and provides seconds, days, month, and year type 
of information. Itls battery backed up CMOS, it also has SOx8 CMOS RAM that is made 
available to the system space to put in things. 

Basically the calender chip has into it a multiplex address and data bus (from UOSS and UOS8), so 
the buffers provide the method of multiplexing the address lines coming from the 68020 and the 
data lines coming in. Multiplexing is done with the Calender nata Strobe signals, so essentially 
when data isnlt being strobed into the chip, the addresses are allowed to come into the chip. 
These signals Calender Address Strobe and Calender nata Strobe are provided by a PAL (U04S). 
The oscillator circuit is built around a CMOS IC that provides a fairly stable SO% duty cycle. 
The clock oscillator input to the chip is a 32.768 kilohertz. The lower frequency is used because 
the CMOS device draws less current when you use a lower frequency to run the device. 

This section of the circuitry to the right of the oscillator in Figure 2.2-2 is for charging the battery 
when VCC is on. Inside the chip there are some discrete CMOS transistors and CMOS convertor, 
so it just provides current for the calender chip. 

The circuitry at the bottom of Figure 2.2-2 is basically a CMOS comparator that provides a 
mechanism for telling when the power is going down, so that the calender chip doesnlt provide 
any bad values. Itls inputs are a scaled down VCC and a M:aled down VBATwhich comes out of 
the battery. 

When VCC goes below about 4.S volts then Power OK goes away and that function is used to 
disenable any calender selects at that point in time. If without this mechanism. and if the system 
power was dropping the processor would go off and do an instruction that might access the 
calender chip. thus providing bad values. So this circuitry provides a method of disabling any 
kind of selects to the chip when the power goes below a cenain level. 
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110 BOARD THEORY 

The resistor and capacitor (R059 and C039) hanging onto the calender chip go into a power sense 
on the calender chip which provides a mechanism for setting the Power Read valid. -If VBAT 
goes away when the power is off and then the power comes back on this is slower charging and if 
it sees supply voltage before the battery comes up and then it sets a bit internally (in 049). The 
diagnostics will catch this condition, and if it sees that it will print out a message. 

INTERVAL TIMER 
Counters on the I/O board implement a 32 bit millisecond counter and a 32 bit second counter. 
An alarm can be set to interrupt the processor on a particular millisecond counter value. The 
AMD9513 chip supplies the 5 sixteen bit counters which implement these functions. 

The interval timer is an AMD 9513 System Timing Controller which has multiple programable 
timers and counters internal. The timing of this chip is shown in the bottom right hand comer of 
Figure 2.2-3. It provides a 32 bit millisecond counter with an alarm which causes an interrupt. 
The chip has been gated to provide the clock into it for a Timer Interrrupt. It also provides input 
to three other counters inside the chip which provide a 32 bit second counter. 

Currently the only software using this function is the Smalltalk use of it in doing millisecond 
counting and keeping track of second counting. It is not used for system time information. It is a 
software timing convention. 

This isn't used in actual operating system timing that has a time function, that's done off the 
vertical sync interrupt. So it is possible that if the system is gaining time, it's probably not the 
calender chip that's off. but there's something wrong with the vertical sync interrupt. 

The basic clock input into the interval timer is derived from the Eclock on the CPU board that 
comes out of the 68020 which is a 1 megahertz system clock (10 megahertz system clock divided 
by 10). 

When an alarm signal comes out of U155 an interrupt is clocked to do a reset on that interrupt. 
It's reset on a hardware reset and it's also reset -by accessing the general decode address of-the 
timer into U247 with address line 8 being high. The timer interrupt at U244 is a shared interrupt 
line back to the priority encoder for the 68020. The timer interrupt is shared by the printer 
interrupt. The result is the (TPlnt) interrupt that goes back to the processor. There's a status 
register in the printer interface circuit that can be read to determine if it is a printer interrupt or a 
timer interrupt. 

COMPONENT-LEVEL SERVICE 2.2-5 
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HARD-COPY/PRINTER INTERFACE 
The hardcopy interface is functionally the same as the one on the 4105. It is a Centronics style 
parallel port which will drive a 4644 and a variety of Centronics style printers and plotters. 

4405 -to-printer in~rfacing is provided by and 82S5A interface chip. a 10-bit buffer. and a 
Schmitt trigger. 

Figwe 2.2-4 shows the I/F chip and the supporting circuitry which together form the Printer I/F 
block. The 82S5A is a programmable chip with three 110 pons. an input data buffer, and a 
control block. The three pons can be programmed for various uses depending on the particular 
application. 

As used in this circuitry: 

• The A Port functions as a data output POrt. supplying the data lines to the printer. 

• The B Port functions as a feedback input from the printer and other system status. 

• The C Port handles the lines that control the printer and other system functions. 

The A Port output passes through the buffer on its way to the printer's data input connector. The 
data input to the 82S5A chip is buffered by an internal buffer. The schmitt trigger circuit outside 
the chip regulates and invens the feedback lines between the printer and the I/F chip. The 
Acknowledge line enters Port C rather than Port B; so this feedback line is not inverted as the 
others are. The schmitt trigger still clamps/regulates this Acknowledge line. 

The Data Strobe and InPrime signals are clocked into the latches in Figure 2.2-4. The control bit 
ResetPInt is the printer interrupt, so by writing that low and then data high. the interrupt can be 
reset by leaving it high with a disable printer on the other reset. The" printer interrupt is also reset 
by a hardware reset. 

Block Decoding U150 is used for printer data control and printer status. Printer status coming 
back not only provides the 5 status lines coming back from the printer but also feeds back the 
strobe signal. for diagnostic purposes. That way the strobes can be written to check to see if the 
write data bit comes back. The printer interrupt provides the status interrupt so that we can tell 
whether its a printer or a timer interrupt. 
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110 BOARD THEORY 

The timing diagram in Figure 2.2-5 shows the printer handshaking. When the printer is strobed, 
it will come on the status line busy and assen Busy. When it comes back around and does an 
Acknkowledge it also clears Busy. That rising edge of Acknowledge is what generates the 
interrupt. So an interrupt character can be done when interrupt is driven from software. 

The other status lines coming back from the printer can be used for some other kinds of printer 
faults like paper empty. Select says that if the printer is selected, it's on line. 
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1/0 Address Decoding 
The I/O select signal from the address decode on the CPU is shown broken down into the selects 
in Figure 2.2-6. The selects include: SCSI (which is the MSU). an IDEn for the SCSI. calender, 
mouse. SCIA. printer). and a diagnostics. 

All of these devices when they are selected have to supply an Acknowledge back to the 
processor. The Ackknowledge is generated out of the PAL IOTiming and then fed back over the 
bus back to the CPU board. 

The PAL takes the 110 selects and also EPROM I & 2. which are the EPROM decodes that are 
done on the CPU board and fed over to the 110 board. The SCIA device provides itself with 
acknowledge. All the signals are sent through the PAL. There is a little state machine inside the 
PAL that provides wait states for the different devices that are slower than others. 

This is the PAL that was mentioned in the discussion about the calender circuitry. It generates 
the calender address strobe and calender data strobe. These signals can be see in Figure 2.2-7. 
The PAL takes the calender input, generates an address strobe. and the timing for it. Then it 
waits for a little bit and generates a data strobe for the calender chip. It also delays out 
Acknowledge, to provide four wait states. 

The signal EPromAck is basically the two EPROM selects delayed out. This signal is delayed for 
1 or 2 wait states of RAM to provide timing for the EPROM's. 

Other I/O Ack comes in to turn the selects or RAM to provide the Acknowledge as soon as 
possible since most of the register type devices don't need wait states. 

The circuit shown at the bottom of Figure 2.2-6 provides read and write strobes for the different 
devices that need strobed reads and writes instead of the level read and write that the 68020 puts 
out. 

COMPONENT-LEVEL SERVICE 2.2-11 
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ADDRESS AND DATA BUFFERS 
The address and data buffers shown in Figure 2.2-8 are the ones mentioned at the beginning of 
this section. The data buffers enable a signal that's decoded out of the PAL 110 data enable, to 
provide the Data Enable to buffer data back onto the 68020 data bus. This signal is another fonn 
of all the 110 select. 

RESET SWITCH 
Figure 2.2-8 also shows the reset switch on the back of the display/CPU box that goes back into 
the reset circuitry on the CPU board. The diagnostics sense a double reset of the switch with a 
software mechanism that choses an address someplace in memory and the diagnostics looks for a 
particular pattern in there. 

This mechanism assumes: 

1. That the pattern will never come up in power on since MOS memory chips all tend to act 
the same. They produce all 001 's when the power is first turned on. So the mechanism 
checks for a 32 bit pattern that has a mixture of O's and 1 's. If that pattern isn't found then 
it assumes the power was just turned on, so it sets to that value. 

2. The pattern appears which indicates that a boot up sequence just started. and it takes maybe 
a 10th of a second to do some internal checking. At the completion of that, the flag that 
says the sequence was completed gets cleared. Now if the user pushes the reset button 
twice in succession, so that the button is pushed while the diagnostic is in the beginning of 
it's power up test, that pattern will be in its proper location. 

Hitting power on twice may do this also because the dynamic RAM's may actually hold their 
charge for a half a second or more. It is possible hit the on/off switch fast enough that the voltage 
supplies don't drop enough so you really have power to the system constantly. 

AUDIO AMPLIFIER 
Also shown in Figure 2.2-8 is the audio amplifier for the audio output from the sound generator 
on the CPU board. It will drive an 8 ohm speaker directly. An audio jack is provided, if nothing 
is plugged in it feeds the output back to the internal speaker. The circuitry basically, divides and 
scales down the sound output. There is an adjustable pot that sticks out the back of the 110 board 
for volume control. 

2.2-14 
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ROM EXPANSION 
Eight sockets are provided on the I/O board for plug in ROM or EPROM. This ROM can be used 
to store programs which custom tailor the 4405 into a tum key applications system. Alternatively 
the ROM could be used to store commonly used routines or data. The ROM can be mapped into 
any part of the logical address space. 

ROM expansion slots are accessed through the back cover. It's pretty straight forward circuitry . 
Two banks of EPROM decode are taken from the CPU and divided down into four pairs. 

There's nothing in these sockets. they're used bascially for expansion or if we eventually go to a 
diskless system. we may use them so they can be used for connection to host machines with 
ethemet software. 

These PROM's need to be addressed at the high ends of the address lines. There is a definition 
for each one of these PROM's that puts on a ROM trailer that will go in there and go away at the 
very last address. The diagnostics will check that for the proper checksums if there are any 
PROM's installed in these sockets. 
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MOUSE INTERFACE 
The mouse pointing device interfaces to the 4405 through a quadrature coded set of signals. A 
cilCUit on the 110 board decodes these signals into up/down clocks which represent positional 
displacements in the vemcal and horizontal directions. These clocks in turn drive counters which 
keep track of these displacements. The processor reads and resets the counters sixty times a 
second and ttanslates them into cursor position on the screen. At the same time, the state of the 
mouse buttons is recorded. 

The mechanical mouse has three buttons and plugs into the back of the 110 board with an EM! 
style connector. The mouse produces quadrature encoded signals (xl, x2, y1 ,y2). For diagnostic 
purposes pullups on the buttons provide a known state if there is no mouse plugged in. 

Inputs for the exclusive OR gate shown in Figure 2.2-10 come out of the dianostics register. 
With this, quadrature signals can be simulated for the purposes of diagnostics. The outputs of the 
mouse buttons go back into the diagnostics register to be read back by the processor. 

The mouse buttons come back into a register which provides the signals needed for decoding. 
The power okay signal (Vee) from the calender circuitry is brought back, again for diagnostics 
purposes. 

Decoding on UlSO and UlSl decoding selects between the x and y counters and the mouse 
button decodes. So the mouse is divided down into those 4 selects. There's also a select for 
mouse reset, which resets these two counters. The two PAL's are 8-bit bi--directional counters. 
They tell 'the direction of the mouse clock input that came out of the PAL. The clock is a 5 
megahenz clock, it's a 10 megahenz clock divided by 2. The decode select enables the counters 
out back onto the system data bus. The mouse output (the output of the counters) doesn't go back 
through the Address and Data Buffers we saw before. There is a separate set of buffers for the 
mouse to break up the loading on the system data bus. 

Quadrature decoding looks for transition on the inputs. There are two inputs for an x, so for two 
inputs, there's four different transition phases, one where the first input goes low while the other 
input is high and similarly we have four other cases. 
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110 BOARD THEORY 

The quadrature signals are decoded by first clocking in the inputs as well as a delayed version of 
the inputs. Those inputs are delayed by one mouse clock time. So with an input of 1 there would 
also be available out of the register the last (previous) state of that input. This state times the 
value of one mouse clock. 

\ 

Those eight inputs are then fed into a PROM which does the decoding of the inputs to provide the 
next direction, an x direction, an x enable plus a y direction and a y enable. 

The PROM is a state machine that is set up for x enable and y enable. the signals are handled in a 
similar manner for both for x and y. x enable and y enable look to see if there has been a 
transition since the last clock in time. The direction is supplied by these four positions. The set 
of four count enables show a count down sequence. if input 1 goes low while input 2 was high. 
then the last values have a count down. If input 1 is high and 2 is low then count is up. Figure 
2.2-11 show the mouse quadrature decoding. 
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The delayed inputs ale the last to come out of the register. By keeping that state information 
synchronized it can be determined whether the count is up or down by decoding it. 

To prevent a transition in the middle of a count value. the output enable signal is fed in to 
disenable the count enable signal whenever a count is being read you're reading the count. 

Mechanical Mouse Description 
The mouse detects relative motion as it is moved. There ale two shaft encoders connected to the 
ball. They generate signals that are used to detect whether the ball is being up or down and left or 
right. The shaft encoders each output a signal that looks like a simple square wave. The period 
between these waveforms represents how many counts per inch there are. so the resolution of the 
shaft encoders is about 50 cycles per inch. The periods high between those two waveforms tells 
how fast the mouse is moved. 

All four of the transition phases can be looked at and a useful count determined to provide an 
effective resolution of 200 counts per inch (4 times 50 cycles). 

The reason there are two signals is that the base relationship between the two must be compared 
in order to determine the direction, once the mouse is being moved. 

The mouse interface sees movement in terms of time. If the mouse is being moved right, then 
time is going in that direction also. 

SMALL COMPUTER STANDARD INTERFACE (SCSI) 
The 4405 uses the Small Computer Standard Interface (SCSI) to communicate with the Mass 
Storage Unit. The SCSI is a 5 megabyte per second channel connecting up to eight devices 
together on a common bus. SCSI was designed to suppon floppy and small Winchester disks, 
however it can also be used to interface tape drives, network controllers. or other peripherals. 
The 4405 relies on the NCR5386 chip to implement the SCSI protocols, thus reducing the work 
of the CPU. The 4405 uses up to five of the device addresses: 

• 4405 

• Floppy Disk Drive (Standard MSU) 

• 40 Megabyte Hard Disk Drive (Standard MSU) 

• S~aming Tape (Option 20) 

• 40 Megabyte Hard Disk Drive (Option 20) 

Basic control of the circuit is provided by an NCR 5385 chip which manages all of the protocols 
necessary to handle the SCSI interface. The processor inputs decodes to the chip that include: 
read/write strobes. clocks and reset, and address and data lines. The bit register puts out 3 ID bits 
to provide the SCSI Id (bus 10). Refer to Figure 2.2-12. 

The SCSI allows up to 8 devices to go on a bus. and each device has its own ID. Also coming 
out of the bit register is the bus reset. All addressing in the SCSI system is software controlled. 

The SCSI interface is a 8-bit data pont with a parity bit. Data flow in and out of the chip is bi
directional. The SCSI bus signals are listed in Section 2.7 Mass Storage Unit of this manual. 
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There are 7 different phases that SCSI can be in. 

• Bus Free Phase 

• Arbitration Phase 

• Selection Phase 

• Command Phase 

• Data In or Out Phase 

• Status Phase 

• Message In Phase 

The SCSI Bus Timing Diagram is in Section 5 of this manual. 

Section 2.7 Mass Storage Unit contains a detailed description of how a peripheral device gains 
control of the bus. bus restate. where's nobody's on the b.usacce..ILc;ing it 

Figure 2.2-13 shows the SCSI bus pin connections. All of the data and control lines are 
terminated with 220 or 30-odd terminators. Termination is done on the end of the bus. The 4405 
uses an external terminator that plugs into the last device in the chain. (VCC) Power to the 
terminator is supplied by the 4405 itself. through the diode and a 1 amp fuse. 

All of the signals that come into the chip are bidirectional and are switched by the two signals Igs 
and Tgs. Which is Initiator route select and Target route select 

The diagnostics perform a self test that checks all the internal paths of the SCSI. There's also 
diagnostics function that uses different ID bits that come back in so ID can be read instead of the 
chip. This will tell if the devices on the bus are functioning. 
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KEYBOARD INTERFACE 
The keyboard interface is the same as the 4105. It is a serial interface with an integral flow 
control. The! 4105 keyboard can be plugged into this interface with no modifications. All of the 
functions of the 4105 keyboard are supported including the "joy disk", 

The Keyboard-to-Processor Interface is handled by a single two-channel chip (a DUART). Both 
channels of the DUART connect to the Processor Data Bus and Address Bus. Also the Processor 
may receive DMA requests. or non-maskable interrupts. directly from the Host Communications 
Pon via the RCVIRDY line. 

DUART Transceiver Chip 
The DUART (Dual Asynchronous Receiverrrransmitter) is a 2681 chip. Figure 2.2-14 is the 
generalized block diagram for this DUART chip. In this diagram the two channels are called 
channels "A" and "B". Channel A shows its functional details. Since Channel B is identical in 
hardware composition to Channel A~ the diagram omits the details in Channel B. Channel A 
functions as the Keyboard Interface, and Channel B is the Host Pon Interface for the terminal. 

The 2681 chip possesses the following features: 

• Both channels are full-duplex asynchronous 

• Quadruple buffered receiver data registers 

• Programmable data format 

• Programmable baud rates for each channel 

The 2681 chip contains a mUlti-purpose, 7-line input pont and a multi-purpose 8-bit output port. 
The chip also contains a timing block that either provides timing for the chip or accepts external 
timing (as from the processor). An Interrupt Control block and an Operation Control block 
manage the read. write, interrupts, and address decoding functions. 
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I/O BOARD THEORY 

Keyboard Interface Circuitry 
This circuitry provides the data input, data output. reset, and power supply to the keyboard. This 
description covers both the external circuitry and the internal DUART functions. This circuitry is 
described first as it functions when the keyboard generates data; next, the same circuits are 
described during information flow to the keyboard. 

As a key is pressed, data flows from the keyboard toward the RXDA (Receive data, channel A) 
input of the DUART. This data path flows through two intermediate circuit blocks (see Figure 
2.2-15). 

The first circuit is a set of diodes and resistors that function as a level shifter. This circuitry also 
provides termination for the keyboard driver circuit. 

The second circuit is called the clamping gate. It prevents the keyboard from overrunning the 
268l. 

The DUART's OP4 output makes the RXRDA-O (Receive Ready Channel A) signal. The 
DUART, when receiving a character from the keyboard, asserts the RXR.DA-O line, which 
activates the clamping gate. The clamping gate holds KBRDATA-l10w, which is monitored by 
the keyboard. The keyboard will not send any more characters to the DUART until this line goes 
high. 

The clamping gate also forces the DUART's RXDA line inactive. so that the DUART cannot 
interpret the clamp as a character. After the processor has read the data out of the DUART, the 
DUART negates the RXDY A line; this releases the clamp, which alerts the keyboard that it is 
again free to send. This implements the keyboard-to-processor handshake protocol. 

Before sending a command to the keyboard, the processor reads the DUART's IP4 status line. If 
the keyboard is not ready to receive a command, it clamps KBTDATA-llow; this makes IP4 go 
high. While this condition is true, the processor waits to send the next command until the 
keyboard releases KBTDATA-l. This implements the processor-to-keyboard handshake 
protocol. 

During Self Test the keyboard is held in a reset condition (via OP3 of the DUART) while the 
local interface circuitry is being tested. The KBTEST-l signal enables the 74LS38 (U275C); this 
causes the transmitted data on KBRDATA-l to loop back into KBRDATA-1, where it is received 
by the DUART as if it had come from the keyboard. This allows both the input and the output 
data paths to be verified by Self Test. 
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110 BOARD THEORY 

The 14.7456 MHz DISPCLK signal clocks the DUART. The system clock passes through a pair 
of flip flops configured as a divide-by-four counter, which provides the 3.6864 MHz clock 
required by the DUART. 

The general purpose output, OP3. is programmable to reset the Keyboard. 

The Keyboard Module interface consists of five lines: 

• KDI-l (Pin 1) - Keyboard Data In (to the Keyboard Module) 

• KDO-l (Pin 2) - Keyboard Data Out (to the main terminal) 

• RESET -0 (Pin 4) - Reset to the keyboard. 

• GND (Pin 5) - Ground to the keyboard 

• +12 V (Pin 6) - Vcc power to keyboard. 

RS-232-C INTERFACE 
The RS-232 interface provides asynchronous serial communications to a variety of hosts and 
peripherals. The interface supports DTR flagging and RTS/crS protocols. It is essentially the 
same as the RS-232 interface on the 4105 and is based on the Signetics 68681 DUART (Dual 
Asynchronous Receiverrrransmitter). The interface circuitry is shown in Figure 2.2-16. 

The 68681 contains: 

• Multipurpose '-line input port 

• Multipurpose 8-bit output port 

• Timing block that either provides timing for the chip or accepts external timing from from 
the processor. 

An Interrupt Control and an Operation Control block manage the read/write interrupts and the 
address decoding functions. 

There is also an 8-line data buffer to minimize the potential of receiver overrun. The Operation 
Control block controls the buffer to allow read/write operations between the controlling CPU and 
the DUART. 
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110 BOARD THEORY 

Channels A and B each have the following registers: 

• Transmit Holding Register 

• Transmit Shift Register 

• Receiver Holding Register 

• Receiver Shift Register 

• Mode Register 

• Command Register 

• Select Register 

For each receiver and transmitter you can select the operating frequency independently of the the 
baud rate generator, the counter timer. or external input. 

The transmitter performs the following sequential functions: 

1. Accepts parallel data from the CPU. 

2. Converts the data to a serial bit stream. 

3. Inserts the appropriate start bit, stop bit, and operational parity bit 

4. Outputs a composite serial stream serial stream of data on the TxD output pin. 

The receiver does the following: 

1. Accepts serial data on the RxD pin. 

2. Converts this serial input to parallel format. 

3. Checks for the start bit, stop bit, and parity bit (if any), or break condition. 

4. Sends an assembled stream to the CPU. 

The 68681 possesses the following features: 

• Full-duplex asynchronous channels 

• Quadruple buffered-receiver data registers 

• Programmable data fonnat 

• Programmable baud rates for each channel 

The DUART that drives the RS-232-C connector is chip-selected by PCS-O. The chip uses 
address lines Al through A4. It also connects to data lines AD8 through ADIS (the high byte). 
BHE and BWR drive the Write Enable. BRD controls the Read Enable. The Interrupt output is 
OR-gated with PRINTERINT-I; together they drive INT2-1. 

The RS-232 connector pon has the following output pin assignments: 

• FGND (Pin 1) - Frame Ground or chassis ground. 

• TDAT A, Transmitted Data (Pin 2) - The terminal receives data on this signal line from 
the peripheral device. 

• RDATA, Received Data (Pin 3) - The terminal transmits data on this signal line to the 
peripheral. 
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110 BOARD THEORY 

• RTS, Request-To-Send(Pin 4). 

• ers, Cear-To-Send (Pin 5) - This is used for DTRlerS flagging between the terminal 
and its peripheral device. By assening ers, the terminal grants permission for the 
peripheral device to send data to the terminal. 

• DSR, Data-Set-Ready (Pin 6). 

• SGND, Signal Ground (Pin 7). 

• DCD, Data-Camer-Detect (Pin 8). 

• DTR, Data-Terminal-Ready (Pin 20) - This is used for DTS/erS flagging between the 
terminal and its peripheral device. By asserting DTR, the peripheral device grants 
permission for the terminal to send data to the peripheral device. 

COMPONENT-LEVEL SERVICE 2.2-33 





Section 2.3 

MEMORY EXPANSION BOARD 

GENERAL 

The Memory Expansion board adds another megabyte of memory to the 
4404. This memory is implemented with 256K bit dynamic RAM 
chips. The board contains the support circuitry for the RAMs to 
do address multiplexing and RAM refresh. This RAM is mapped by 
memory management just as the main memory on the CPU Board is. 
It is implemented such that the CPU can access it with no wait 
states. It uses RAM chips that have a 120 ns access time, where 
as the standard RAM on the CPU board has 150 ns access times. 

The Memory Expansion board attaches to the CPU Board with a 
connector similar to that of the I/O Board. On this connector 
some of the I/O control signals have been replaced by memory bank 
selection control signals. 

Figure 2.3-1 shows the block diagram of the Memory Expansion 
board. The principle block of this board is the memory which 
implements the extra 1 megabyte of memory. Another block shown 
is some circuitry to aid in debugging. This circuitry includes 
another ACIA port strictly for system debugging and some RAM 
purely for the debugging software. This option is not normally 
available for the customer to use, unless he is an operating 
system developer who needs the option for system development. 
Apart from that, a few cards are available for system debugging. 

The circuit shown in Figure 2.3-2 has literally the same 
characteristics as the 1 megabyte memory on the CPU board. 
Simply responding to the next step (1 megabyte range), the select 
signal can be seen coming in. 

Apart from that, all of the timing is identical. You will notice 
that, instead of a number of small scale gates to do some of 
the decoding operations, there is a PAL in the circuit. The PAL 
implements exactly the same functions as is done in the discrete 
components on the CPU card. 
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SECTION 2.3 
Memory Expansion Theory 

The memory on the CPU Board operates at zero wait states with the 
standard speed 256K, 150 nanosecond access memory chips. 
However, because the memory expansion board is accessed through 
an extra connector and there is on extra level of buffering, 
there are some delays there. These delays and the mixing of one 
internal signal cause the signal to be 6 nanoseconds late getting 
back. So the memory parts for the memory expansion board have to 
specified at the 120 nanosecond access rather than the 150 access 
of the main memory. The RAM chip manufacturers add a dash number 
(15 or 12) to the part number to designate the speed. Apart from 
that the circuitry is identical to the main memory on the CPU 
Board. 

Figure 2.3-3 shows the refresh counters and refresh timers and 
multiplexers. 
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SECTION 2.3 
Memory Expansion Theory 

Figures 2.3-4 and 2.3-5 show the memory arrays as two banks of 
512K bytes each. The banks are separated by bytes to provide byte 
addressability. 

Figure 2.3-4 shows the high byte that takes 2 15 for 
two banks. It takes 8 IC's for a byte on one bank. 
signal quality in all the address lines, there is a 
amount of buffering on here. 

each of the 
To keep 

fairly large 

Looking at the address lines, there are 16 nodes on the address 
lines and the control lines. The RAS, the CAS, and the 
Writes are broken down so all the gate loads are on either 
level. The clock signals go into the memory arrays. 
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SECTION 2.3 
Memory Expansion Theory 

DEBUG CIRCUITRY AND OPERATION 

In addition to the RAM, an option to the Memory Expansion board 
provides an RS-232 port for hardware and software debugging. 
Through this port, a host system can gain control of the 4404 and 
examine or modify the memory, peripherals, and CPU state. This 
port may be used to down-line-load programs into the 4404. \ 
Through routines in the boot ROM it can also single step, 
breakpoint, and interpret the programs stack. The interface is 
implemented so that, if the incoming DCD signal on the RS-232 
port goes invalid, a hard reset is initiated. 

It shows the circuitry that we make available for system 
debugging. This is the circuitry that went on the initial 
systems that we built for our own development. It allows for a 
controlling processor to sit on a host machine and talk on an 
RS-232 line which comes in here. The connector comes in at this 
point and another ACIA chip (slightly different from the one on 
the I/O board). The chip is programmable for baud rates, so you 
have some control over that. 

This circuitry is able to do some of the system debugging. It 
allows a system developer to know that software can be written 
without sideaffects on the system being developed. Since it is 
advantageous to have some memory allocated purely for debugging 
(not available for general system development), there are 2 
static RAM memories to implement 2K bytes of static RAM. The 
decoding for these is done on the CPU Board. Debug RAM is the 
select signal for getting access to the debug RAM. Debug ACIA is 
the decode for the ACIA chip. It is implemented on the CPU to 
cause the 68010 to do a 6800-compatible memory cycle. 

There is a boot switch on the debug board itself so that you can 
generate a reset signal, should that be convenient. In addition 
to that, one of the lines (DCD clocked) is controlled by the host 
processor, and is not part of the normal usage for doing 
character transfer, so it is available to do a reset on this 
system remotely from the host. 

There is a terminal interface implemented that uses a null modem. 
It's a very low level and is documented, but it's not really for 
use. If you simply plug a terminal in there, what you gain is an 
interface with whatever is implemented with the boot ROM's on the 
CPU board. To use this, it would be necessary to specify an 
address, then read or write to that location. 

4404 COMPONENT-LEVEL SERVICE 2.3-9 
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Section 2.4 

LOW VOLTAGE POWER SUPPLY 
, INTRODUCTION 

NOTE 

The 119-2012-00 Power Supply is used only in 
terminals with ~rial numbers B040000 and later. 
Ettrlier terminals use supplies I'f!Jerred to as "early 
wrsion" and "later wrsion," described in the 
prt!Ceding pages of this theory section. 

The Power Supply Module provides power for the logic 
boards in the terminal. This board provides the the following 
voltages: 

• + 12 Volts 

• -12Volts 

• +5 Volts 

The Power Supply Module consists of the following 
functional blocks: 

• AC Power On/Off and Line Select 

• EMI Filtering 

• Rectifier and Filter 

• Main Switching Transistor 

• Primary Snubber 

• On Driver 

• OffSCR 
• Off Driver and Primary Current Limit 

• Main Transformer 

• Control Loop Feedback Transformer 

COMPONENT-LEVEL SERVICE 

• + 12 and -12 Volt Outputs 

• + 5 Volt Output 

• + 5 Volt Overvoltage Shutdown 

• Difference Amplifier 

• Burp Circuit 

• Feedback Driver 

OVERVIEW 

This power supply Is a switching-type supply with a 
difference amplifier and dc voltage-controlled variable width 
pulse generator. The switching transistor's on-time is 
controlled by the pulse generator. variations in input voltage 
or output loading are detected by the difference amplifier. 
This causes the pulse generator to change the conduction 
time of the switching transistor accordingly. When input 
voltage drops, or load increases, the conduction time T, is 
longer (with respect to T •• off-time). When the interval of T, is 
longer, more flux builds up in the transformer primary. Then, 
when the transistor turns off, more energy is transferred to 
the secondaries. This helps to maintain a constant output 
voltage. (While the supply is providing more power, its ' 
switching frequency is decreased). 

Regulation of the supply is accomplished in the primary 
circuitry, via feedback through a small "feedback 
transformer," T2. 

The + 5 V output contains an over-voltage limit circuit. 
which protects the terminal's logic circuits from overvoltage. 

2.4-1 
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DESCRIPTIONS OF CIRCUIT BLOCKS 

During the following discussion, refer to the Power Supply 
Module schematic, along with the block diagram (Figure 
"54). T~e block diagram shows how each block relates to 
one anOther, while the schematics are used when 
describing how each block functions. 

ACPower 

The AC Power section consists of the AC plug, a fuse, and 
the power switch. 

AC power comes into the supply via a power cord 
connected to the AC plug. The power supply is protected by 
a 5 A fuse and is turned on by the power switch. The fuse is 
mounted on the power supply circuit board, and is not an 
externally accessible part. 

~ 
This supply contains a neon indicator lamp. 
However. it is not wired as in other supplies to show 
when dangerous voltages have leaked off. When 
the supply is off and the light is out. dangerous 
voltages will remain for a period of lime. 

EMI Filtering 

The EMI filtering section is used to keep high frequency 
(Khz range and up) noise created by the switching of the 
supply from getting back onto the AC line. The filtering of 
this section does not affect the 60 Hz input Signal, which is 
delivered to the Rectifier and Filter block. The EMI Filtering 
block consists of a thermal resistor, and an 
inductor-capacitor filtering network. 

Two inductors, working with an energy storing capacitor, 
isolate the high frequency switching noise that is generated 
by the converter. This prevents such noise from going back 
into the AC line. The inductors are part of a common-mode 
rejection transformer. This transformer has Its two coils 
connected to opposites sides of the AC line, hence current 
Is flowing In equal and opposite directions, creating a net 
flux of zero. When a high frequency signal enters this 
transformer, It meets a high OPPOSing inductance. The 
.ignal then takes the alternate path (through the capacitor) 
to ground. 
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A thermistor limits surge current to the two capacitors (in the 
power connector) when power to the supply is first turned 
on. The thermistor then heats up, which lowers its 
resistance, while the supply is operating. The thermistor 
normally runs hot duqng operation of the supply. 

Line Select 

The Line Select block consists of two switches. The setting 
of these switches depends on which AC input (115 or 230 
volts) the supply is operating from. 

~ 
The line select switches must both be set to the same 
selting. Failure to do this could result in damage 10 
the power supply of'the monitor. 

One switch selects the AC input for the power supply, the 
other selects the input for the Display Module's deguass coil 
and its power supply. The setting of the line select switch 
determines if the diode bridge in the Rectifier and Filtec 
block acts as a voltage doubler or a full-wave bridge (see 
the next block description). 

Rectifier and Filter 

The Rectifier and Filter block changes the AC input signal to 
a high voltage DC signal (200 to 360 volts) for use by the 
Switching Transistor, Main Transformer, and other primary 
circuit blocks. The main components of the Rectifier and 
Filter block are: a diode bridge, and two 470 uf capacitors. 
To better understands how this circuit works. assume that 
all capacitors with a value less than 1 uf are open circuits 
(these capacitors are for high frequency filtering and appear 
as an open circuit to 60 Hz). 

The setting of the AC line-select switch determines how the 
AC input is rectified into DC. With the switch set to the 1 15 V 
position. the switch acts as a short circuit, and a voltage 
doubler circuit is created (refer to Figure 4-47). The voltage 
across the 470 uf capacitors is approximately 300 V('·s. 

When the switch is set to the 230 Volt poSition. the switch 
acts as an open circuit. The circuit then acts as a full·wave 
bridge (refer back to Figure 4-48). and voltage across the 
capacitors is approximately 300 volts. Therefore. in either 
configuration, the same voltage is developed across the 
capacitors. 
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THEORY OF OPERATION 

On Driver 

The On Driver also functions as a .... If start" circuit. Start 
up is accomplished by R2 bleeding current into the base of 
Q4 (the main switching transistor): this causes 04 to tum 
on. 

The main function of the On Driver after start up, Is to 
maintain base voltage during the "on time," T., of the 
switching transistor. This On Driver holds 04 on until the Off 
SCR circuit shunts current away, which starts the "off time." 

Switching Transistor 

The switching transistor (04) chops the primary voltage. 
which produces a square wave voltage across the primary 
windings of the transformer. The base of this transistor is 
controlled by the combined effects of the On Driver and the 
Off SCR circuits. The switching frequency is determined by 
how quickly the Off SCR terminates the on-pulses; which of 
course is influenced by load variations and changes in input 
voltage. 

Snubber 

The Snubber is a capacitor, diode, and high wattage resistor 
in parallel with the switching transistor. 

When the switching transistor is starting to tum off, a 
voltage spike of up to a 800 volts or more occurs. This is the 
result of energy stored in primary leakage inductances. The 
snubber acts to steer current through the capacitor and 
diodes back into the primary ( + 300 volts) supply, 
preventing the high current from going through the 
switching transistor. After the transistor has completed 
turning off, the resistor rapidly discharges the capaCitor, 
dissipating about 3 watts of power through the resistor. 

Primary Supply 

CR9 and C10 form a housekeeping supply which provides 
power for the primary side control circuitry (while the 
converter Is running). 

2.4-4 

OffseR 
This circuit actually conists of two transistors (01 and 02) 
connected back-ta-back so as to simulate the action of an 
SCA. This equivalent SCR receives feedback from the 
secondary circuits and at the appropriate times shorts out 
the base of the switching transistor. This causes the 
switching transistor to tum off, which opens the primary 
circuit; hence the name "off SCR." 

Tum off may be Initiated by forward biasing 05 in either of 
two ways: 

• a feedback pulse from T2 

• a primary current large enough to drop 0.6 V across the 
parallel resistors on the emitter of 05 (RB. R9. and 
Rl0). 

Main Transformer 

The Main Transformer provides power from the primary to 
the secondary in order to develop the individual voltage 
supplies. . 

The Main Transformer Is configured in a fly-back type of 
configuration. During the oMime of the primary (as 
determined by the switching transistor). energy is stored in 
the main transformer air gap (as a flux field). During the 
off-time of the primary. this energy is released into the 
secondary coils. The energy released is filtered to become 
the individual voltage sources. A more thorough discussion 
of this process Is covered at the beginning of this section. 

One set of windings acts like secondaries connected into 
the primary circuit. Current from this set of windings passes 
through a diode pair and then through the main switching 
transistor. This acts as a current multiplier for the main input 
power. 
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Difference Amplifier 

The main element in the Difference Amplifier circuit is the 
chip, U1, • uA123. This circuit is the heart of the feedback 
and regulation loop of the supply. 

I 

A ripple simulation waveform is injected into pin 4 of U1, via 
R14 and C23. The loop is set up as a simple ripple regulator 
with. controlled current tum-off. As load demand increases 
and output voltage drops, the primary turnoff is delayed, so 
the T. part of the pulse train is lengthened. This reduces the 
operating frequency, the ratio of T /T.ls greater. and more 
energy is fed into the secondary circuits. 

11 .... --
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T2 I 
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I 
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THEORY OF OPERATION 

Figure 4-55 shows this difference amplifier as part of the 
secondary feedback circuit. 

The chip has an internal m.renee lupply at pin 6. This 
reference voltage passes through a calibration pot and 
enters pin 4, the minus input of the comparator. Pin 5 (the 
plus Input) is connected to the 5 V output via R21. As such, 
It semples the + 5 volt supply and compares it to a 
reference. The difference signal is amplified internally 
before emerging on pin 9 of U1. This output Ilgnal then is 
fed to the base of the Feedback Driver, OS. 

.,2VDC 

1000 

II( 

12 • ---- -, 1t14 
I 'OK 

,.Am REF I R21 
U1 1 10K 

1 
5 

14 

C23 .1,., 

JII2I C22 
2K .01,.F 

'525-122 

Figure 4-55. Secondary FHdbeck Circuit with DIff.rence Amplifier. 
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Feedback Driver 

Q8 Is • driver transistor that conducts pulses through the 
Control Loop Feedback Transformer, T2. The base of this 
transistor Is connected to the outputs of both. the Difference 
Amplifier regulator circuit. and the Burp protection circuit. 
Either of these control circuits can send a signal that is 
amplified by Q8 before being sent through T2. 

Control Loop Feedback Transformer 

T2 is the Control Loop Feedback transformer. Whereas the 
other power supplies discussed in this section used 
opta-isolators, this supply uses a transformer to provide 
feedback isolation. 

Off Driver and Current Limiter 

This circuit triggers the Off SCR circuit on either of two 
conditions as stated earlier: a pulse from T2. or sufficient 
current through R8/R9/R10. Both actions effect the 
bas ... mitter of Q5. 

The Off Driver transistor, OS. amplifies the feedback pulse 
from transformer, T2. This circuit conducts the feedback 
pulses to the Off SCR, to modulate the switcher's puise 
width according to load requirements. 

Since all primary current flows through resistors R8, R9, 
and R10, Q5 monitors input current. If this current exceeds 
an acceptable level, Q5 triggers the Off SCR, thus acting as 
• current limiter. (R32 limits the current flow through OS.) 

+5, -12, and + 12 Volt Outputs 

Thissupply provides + 5 V, + 12 Vand -12 V outputs from 
each of three sets of windings on the main transformer. 
When each secondary of the main transformer is on, its 
diode conducts and its capacitor charges. When the 
secondaries are off, the diodes are reversed biased. 
preventing discharge of each capacitor back into the 
transformer. The charge of the capacitor carries the supply 
through until the secondary is again turned on. 

The + 5 volt supply has additional filtering components to 
eliminate noise created by the switching of the supply. 
Since, this source is used for all the TTL devices in the 
terminal, It is Important that the + 5 V be free of high 
frequency noise. 
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+ 5 Volt Over-Voltage Protector 

This block allows an over-voltage (a runaway voltage) on the 
+ 5 volt supply to shut down the power supply. The main 
components of this block are a Silicon Controller Rectifier 
(SCR1). zenar diode, capacitor, and resistor. 

If the + 5 volt supply rises above + 5.6 volts, the zener 
diode turns on and begins conducting. When the zener has 
lOurced enough current to raise it another 0.6 volts, the 
SCR tums on. This, In tum, shorts the + 5 Volt supply to 
ground (through a 100 ohm resistor, R23). 

Burp Circuit 

The Burp Circuit protects the secondary circuit in the event 
of an overload or a short circuit. The Burp circuit goes active 
when either: 

• the + 12 V output Is pulled below approximately 8 V, or 

• the + 5 V output is pulled below approximately 4.3 V. 

The two transistors, Q6 and Q7, act as an SCR; we'll call it 
the "Burp SCR." Below 8 V, the Burp SCR is off and C1$ 
begins to get charged by the output from pin 9 of the main 
transformer (T1). As C18 is charging. Q8 is held on; this 
causes the power supply to operate in a minimum 
pulse-width mode. This reduces the output power to a very 
low level (less than 5 watts). 

Then. when C18 reaches 8 V, the Burp SCR fires, which 
turns off Q8 and allows the pulse width to increase. The 
supply then tries to tum on full power to charge up the 
outputs. If the + 12 V output does not reach 8 V by the time 
the Burp SCR tums off (determined by the time constant of 
C18 and R16). the power supply will return to a minimum 
pulse width mode. 

To summarize, under a temporary overload condition, the 
aupply will alternate between the minimum pulse width 
mode and the maximum pulse width mode. The duty cy~le 
of the maximum pUlse width is small enough to keep overall 
power dissipation to acceptable levels, while such a 
condition exists. Thi, circuit relieves the effects of an 
overload without the, Inconvenience shutting down the 
supply (popping a breaker) or buming up components. 
Figure 4-56 shows the components in this and related 
circuits. 
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Section 2.5 

CL-MON VIDEO DISPLAY MODULE 
INTRODUCTION 

The video monitor consists of the CRT (Cathode Ray Tube), the 
power supply, the horizontal and vertical deflection coils, the 
high voltage and flyback circuit, the video circuit, and the 
horizontal and vertical drive circuits. The following 
information provides an overview of the operation of the circuits 
required for monitor operation. Figure 2.5-1 shows a block 
diagram of the major monitor circuits. 

MONITOR OVERVIEW 

Figure 2.5-2 shows a simplified drawing of the CRT and its drive 
circuits. The basic drive requirements include: 

o Video signal applied to the cathode (K) 

o Dc brightness voltage and blanking signal applied to the 
grid labeled G1 

o Accelerating voltage applied to the grid labeled G2 

o Focusing signal connected to the grid labeled G4 

o Vertical deflection signal applied to the vertical 
deflection coils 

o Horizontal deflection signal applied to the horizontal 
deflection coils 

All CRT drive signals must be synchronized to produce a .readable 
image on the monitor screen. 

Besides signals required to drive the CRT, the monitor includes: 

o A High Voltage Stabilizer circuit to maintain correct CRT 
potentials 

o A Spot Killer circuit to protect the phosphor coating on the 
inside of the CRT face when the power is turned off 

o An X-Ray Protection circuit which prevents excessive X-Ray 
emission due to a circuit failure 

o A power supply to provide the required dc voltages for 
monitor operation 
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Figure 2.5-1. Block Dlagram of Monitor. 
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Figure 2.5-2. CRT Block Diagram. 
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Video Monitor Theo~y 

CRT OPERATION 

VIDEO SIGNAL TO THE CATHODE (K) 

Figure 2.5-3 shows the Video Amplifier. The video signal is 
applied to the cathode through the video amplifier which consists 
of Q14 and Q15. A positive video signal applied to the base of 
Q14 forward biases the emitter-base junction causing the 
transistor to conduct and lowering the collector voltage. Since 
the emitter of Q15 Is connected directly to the collector of Q14, 
any change in the collector voltage of Q14 turns Q15 on harder 
which varies the potential of the CRT cathode. 

The components C141, R142, C143. R145 and L141 provide high 
frequency compensation for the video signal. 

This circuit has accomplished the task of presenting the video 
information to the CRT cathode. It is now the task of the 
brightness control, deflection circuits, and the dynamic focus to 
produce a readable image on the CRT face. 

BRIGHTNESS AND BLANKING TO GRID G1 

Figure 2.5-4 shows a simplified drawing of the Brightness, 
Sub-brightness, and Blanking controls for the CRT. 

The potential difference between G1 and the Cathode (K) 
determines the amount of electrons which a~e drawn off the 
cathode and sped toward the CRT face. The larger the potential 
difference the more electrons directed at the CRT and the 
brighter the image. An internal adjustment called SUB-BRIGHT 
(VR69). plus an external control (labeled BRIGHTNESS) on the 
front of the unit, allow adjustment of the screen brightness. 

A "flyback" signal rectified by D40 provides blanking during 
retrace. Retrace is defined as the time between completing one 
line and returning the beam to the left side of the CRT to begin 
another line. This signal removes the potential difference 
between the cathode and G1 shutting off the signal. 

2.5-4 COMPONENT-LEVEL SERVICE 



+70V 

CHANNEL1-@ + 

CHANNEL 2 - @ lC142 

C143r 
® 

VIDEO 
INPUT 

R140 

SECTION 2.5 
Video Monitor Theo~y 

. R143 

R149 

~-I 

R601 L142 
B-13.0V TO: CRT 

CATHODE(K) 

R145 

Q14 
E-.08V 

R142 

Figure 2.5·'. Video Amplifier Circuit. 

COMPONENT-LEVEL SERVICE 2.5-5 



SECTION 2.5 
Video Monitor Theory 

+70V 

R457 

VAI9 

I SUB BRIGHTI 

BRIGHT 

(FRONT PANEL) 

FROM: Fl YBACK 
TRANSFORMER 

(T401) 040 

+ 1 C142 

R459 

1 C453 

VIDEO 
DRIVE 

CIRCUIT 
~ 

K' 

~! CRT 

Q15 '-.... G1 

-+ 
C455 

R453 

Figure 2.5-4. Br16htness and Blanking Control. 

2.5-6 MAR 1985 COMPONENT-LEVEL SERVICE 



ACCELERATOR GRID G2 AND FOCUS GRID G4 

SECTION 2.5 
Video Monitor Theory 

Now that the video signal has produced a flow of electrons in the 
CRT, they must be accelerated to and focused on the CRT face. 
A high positive voltage (300 to 600 volts) is connected to G2 to 
accelerate the electrons. Although the electrons are attracted 
to G2, they are traveling at such a high rate of speed that few 
actually attach themselves to the grid. Instead, they pass the 
grid headed for the CRT face, but their velocity causes them to 
spread out. Figure 2.5-5 shows that grid G4 is positioned to 
provide a "focusing" voltage which concentrates the electrons 
into a beam. It is now the responsibility of the horizontal and 
vertical deflection coils to correctly position the beam on the 
CRT face. 

VERTICAL DEFLECTION CIRCUITRY 

The vertical deflection circuitry processes the vertical sync 
pulse into a current drive signal which flows through the 
vertical deflection coils. The deflection circuitry includes a 
vertical oscillator (Q31), balance control (Q32), amplifiers 
(Q33, Q34 & Q35), and feedback network (Q36). There are also 
adjustments for the Vertical Hold (VR31), Height (VR 32), and 
Vertical Linearity (VR33). 

VERTICAL OSCILLATOR 

Vertical deflection drive begins with a 60 hertz, positive, 
synchronized pulse applied to the base of of Q31. This signal is 
synchronized with the video and horizontal deflection signals to 
produce an image on the face of the CRT. Figure 2.5-6 shows the 
Vertical Oscillator circuit. 

Figure 2.5-7 shows the waveforms present when the Vertical 
Oscillator operates properly. The positive sync pulse applied to 
the base of Q31 turns the oscillator on for the pulse duration. 
The VERTICAL HOLD adjustment (VR31) provides adjustment of the 
pulse width at the base of Q31 for synchronization with the 
horizontal deflection signal. The collector of Q31 shows an 
inverted pulse which is fed to Q33, the first Vertical Amplifier. 
The switching of Q31 produces the sawtooth waveform required to 
provide vertical deflection. 

When Q31 turns on, the collector voltage lowers discharging the 
sawtooth capacitors, C305 and C306. The'HEIGHT adjustment (VR32) 
varies the amplitude of the sawtooth waveform by changing the 
gain of Q31. This changes the signal amplitude to the Vertical 
Amplifier and the vertical deflection of'the electron beam. 
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rlaure 2.5-5. CRT C~mponent •• 
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VERTICAL AMPLIFIER 

SECTION 2.5 
Video Monitor Theory 

The Vertical Amplifier circuit is shown in Figure 2.5-8. There are 
two inputs to the base of the Vertical Amplifier (Q33). They are 
the sawtooth output of the Vertical Oscillator (Q31), and a bias 
voltage from the Vertical Balance circuit (Q32). 

The VERTICAL LINEARITY adjustment (VR33) in combination with C306 
form an intergrator which provides linearIty correction for the 
sawtooth waveform. Figure 2.5-9 shows the waveforms at the 
emitter of Q33 (before correction), at the junction of C306 and 
R313 (correction waveform), and the corrected waveform to the 
base of Q33. 

VERTICAL OUTPUT 

The illustration in Figure 2.5-10 shows the Vertical Output circuit 
which consists of Q34 and Q35. The sawtooth waveform from Q33 is 
applied to the bases of Q34 and Q35 which are connected in a 
push-pull configuratlon. 
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Video Monitor Theory 

The waveforms in Figure 2.5-11 shows the voltage drive to the 
bases of Q34 and Q35, and the current waveforms to the vertical 
deflection coils. During the time t1-t2, Q35 is off and Q34 is 
on. The Q34's collector current (waveform "B") flows through the 
deflection coils and charges C315. 

During the time t2~t3, the base current of Q34 decreases, causing 
the collector current to drop (waveform "C") and deflection 
current to drop. This completes half a scan line. After t3, 
C315 is charged and the emitter voltage of Q34 raises 
sufficiently to turn the transistor off and Q35 begins to conduct 
harder. Q35 continues to conduct harder creating the second half 
of the scan line. Waveform "0" is an idealized deflection 
current waveform. 

VERTICAL BALANCE 

Although Q34 and Q35 are operated as a balanced circuit, it"is 
necessary to maintain stability by the addition of the Vertical 
Balance circuit (Q32). Figure 2.5-12 shows a simplified drawing of 
the Vertical Balance circuit. 

The difference between the output current from the vertical 
output transistors Q34 and Q35 appears as a voltage at 
Point A in Figure 2.5-12b. 

The voltage at Point A is converted into direct current (dc) by 
an integrated circuit consisting of R326, C309 and R327, and 
applied to the emitter of the vertical balance transistor, Q32. 

A constant voltage divided by R328 and R329 is applied to Point 
B, the base of Q32. The voltage variation at Point A changes 
the bias of Q32 which varies the collector voltage. 

The collector of Q32 is connected directly to the base of the 
first Vertical Amplifier, Q33. Any change in the base voltage of 
Q33 changes the conduction point of the amplifier and the gain of 
the stage. This feedback loop controls the output amplitude of 
the final vertical amplifier, Q34 and Q35. 

VERTICAL FLYBACK 

Figure 2.5-13 shows the Vertical Flyback circuit. During 
vertical deflection, C313 is charged through 035 and R325 to a 
potential equal to the supply voltage of +70 volts. This circuit 
uses the charge stored in C313 during retrace to shorten the 
vertical flyback time. 
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Figure 2.5-13. Vertical Flyback Circuit. 
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SECTION 2.5 
Video Monitor Theory 

During flyback time, Q36 is turned on by the flyback pulse 
voltage. Therefore, voltage at Point A (Figure 2.5-13) is as 
high as twice the voltage of +B (+140 volts). This is shown in 
Figure 2.5-14. 

The waveforms of Figure 2.5-14 (B and C) indicated by the dotted 
lines are those when this circuit is not present. The flyback 
pulse voltage is exceeded by +B voltage. 

When this circuit is added, however, the flyback pulse voltage is 
raised to twice +B. Consequently, the flyback time is shortened 
to half. 

A. VOLTAGE WAVEFORM 

B. VOLTAGE WAVEFORM 

C. VERTICAL DEFLECTION 
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Video Monitor Theory 

HORIZONTAL DEFLECTION CIRCUIT 

AFC HORIZONTAL OSCILLATOR CIRCUIT 

IC42 contains a horizontal AFC circuit, oscillator circuit, and a 
predrive circuit. Figure 2.5-15 shows a simplified drawing of 
these circuits. This arrangement simplifies the design of the 
final horizontal drive circuitry_ 

A synchronizing signal in positive polarity is entered into 
Pin 1. The horizontal output pulses are shaped into a saw-tooth 
waveform by C401, C402, and R406 to produce a reference voltage 
waveform, which feeds the AFC circuit through Pin 3. 

The phase-detected output of the AFC circuit, appears at Pin 4 
and is applied to Pin 9 through R401. This signal automatically 
controls the horizontal oscillating frequency_ C403, C404, and 
R402 stabilize the AFC output voltage. 

The horizontal oscillator circuit controls the charge and 
discharge ~f C405 (Pin 8) by switching and oscillation inside the 
IC. VR41 adjusts the oscillating frequency by varying the 
discharge time constant of C405. 

Pin 7 is the output stage of the predrive circuit, and is 
connected with the emitter of the driver transistor Q43. 

HORIZONTAL DRIVE 

The Horizontal Deflection circuitry consists of IC42, which 
contains the oscillator, AFC (Automatic Frequency Control), and 
a predriver, Q43 (first amplifier), Q44 (final amplifier), and Q42 
(flyback control). 

The horizontal oscillator output of IC42 controls the Horizontal 
Drive circuit (Q43) shown in Figure 2.5-16. When the voltage at 
IC42 Pin 7 is zero, a bias current from R410 flows into Q43 
turning it on. 

At the same time a reverse current flows into the base of Q44 to 
make it turn on. Aowever, this Q44 is actually turned on after a 
lapse of storage time. 

When the potential of IC42 Pin 7 is high, Q43 turns off and 
simultaneously Q44 begins to turn on. 

Q42 turns on during the horizontal flyback, which prevents Q44 
from conducting during this period. 
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Figure 2.5-16. Horizontal Drive Circuit. 
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HORIZONTAL OUTPUT 

SECTION 2.5 
Video Monitor Theory 

Figure 2.5-17 shows a simplified drawing of the Horizontal Output 
circuit, and Figure 2.5-18 shows typical waveforms associated 
with this circuit. 

The horizontal output transistor (Q44) performs the switching 
operation by receiving a pulse voltage (Figure 2.5-18a) from the 
horizontal drive transformer (L402). The powe~ transistor, Q44, 
then supplies a saw-tooth current to the deflection coil. 

When positive pulses are applied to the base of Q44, it is turned 
on and begins to supply a collector current represented by "A" in 
Figure 2.5-17 using the charge stored in C417. Due to the 
physical nature of the deflection coil, this current increases 
linearly as shown in Figure 2.5-18b. 

Negative pulses applied to the base of Q44 turns it off, but the 
collector current does not lower to zero suddenly due to the 
coil's self-inductance. This current flows in the direction 
(Figure 2.5-17 ~B") to charge C415. This current reaches zero at 
t2 (Figure 2.5-18d). 

At time t2, a current (Figure 2.5-17 nCR) flows into the 
deflection coil from the charge stored in C415. Once C415 is 
completely discharged, current flows through the deflection coil 
recharging C415. The dotted line in Figure 2.5-18d shows that 
this is a dampened oscillation. 

The change in current flow in the coil generates a 
counter-electromotive force (voltage) at both ends of the 
deflection coil which leads the current by 90 degrees. During 
the time to-t1, the current flowing in the coil varies slowly and 
a small negative voltage is induced. During the time t1-t2, the 
current decreases quickly and a large positive voltage pulse is 
generated. Since the current increases quickly during t2-t3, a 
large negative pulse voltage (Figure 2.5-18f) is generated. 

The damper diode (D43) is turned on by the pulse voltage depicted 
in Figure 2.5-18f which generates the current waveform shown in 
Figure 2.5-18d; This current dampens the unwanted current 
oscillations in the loop labeled "C" in Figure 2.5-17. 

The "damper" current becomes zero as shown in Figure 2.5-18c. 
Positive pulses applied to the base of Q44 begin the deflection 
cycle again, and the operation just described is repeated. 
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Figure 2.5-17. Horizontal Output Circuit. 
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The result of this operation is a saw-tooth current flowing 
through the deflection coil and deflection of the electron beam 
horizontally within the CRT. The. damper current controls the 
left side of horizontal scanning while the collector current of 
Q44 controls the right side. The oscillation current of the 
circuit controls the flyback period. 
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Figure 2.5-18. Horizontal OUtput Circuit Waveforms. 
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HIGH VOLTAGE STABILIZER 

This circuit (shown in Figure 2.5-19) stabilizes the high voltage 
applied to the CRT. It improves interlace if there is a 
difference in beam currents for the first and second fields. 

The dotted lines in Figure 2.5-20a indicate a changing voltage 
waveform when a high-voltage stabilizer circuit is not used. 
This ripple voltage is divided by high-voltage bleeder resistors 
R1 and R478, and then applied to the positive input of the 
operational amplifier (IC43). 

The reference voltage at the minus input terminal of IC43, is 
determined by the voltage divider network of R474, R475, and 
R473, and R476/R477 sets the gain of the operational amplifier. 

The feedback from the deflection coil is compared to the 
reference voltage, amplified and applied to the base of Q47. 
Q47's collector voltage is shown in Figure 2.5-20b. This voltage 
is added to the high voltage and accordingly this high voltage is 
stabilized as indicated by the continuous line of Figure 2.5-20a. 

DYNAMIC FOCUS 

VERTICAL DYNAMIC FOCUS 

This circuit, shown in Figure 2.5-21, improves the CRT focus in 
the vertical direction. 
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The parabolic voltage shown in Figure 2.5-22a is generated at both 
ends of the coupling capacitor C315 of the vertical deflection 
coil. 

The voltage divider network (R651, R652, and R653) attenuates 
this signal and applies it to the base of Q61 through coupling 
capacitor C651. 

This signal is amplified by Q61, and the Vertical Dynamic 
signal (Figure 2.5-22b) appears at the collector of Q61. 
voltage is applied to the G4 electrode of the CRT through 
and R658. 

A. BASE OF 061 B. COLLECTOR OF 061 

Figure 2.5-22. Vertical Dynamic Focus Waveform. 
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HORIZONTAL DYNAMIC FOCUS 

SECTION 2.5 
Video Monitor Theory 

This circuit, shown in Figure 2.5-23, improves the CRT focus 
in the horizontal direction. 

A positive horizontal output voltage is applied to "An in Figure 
2.5-23. C418 and C417 are charged up by this pulse voltage 
during the horizontal flyback time. Figure 2.5-24 shows the 
Horizontal Dynamic Focus signal. 

The resonance circuit (L406, C418, and C417) charges during 
horizontal scanning, and produces the required Horizontal Dynamic 
Focus voltage. This voltage is applied to the G4 electrode of 
the CRT through C419 and R415. L406 provides an adjustment of 
the Horizontal Dynamic Focus voltage amplitude which is factory 
set at 150 Vp-p. 
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WAVEFORM ATTP10 

SECTION 2.5 
Video Monitor Theory 

Fiaura 2.5-24. Horizontal Dynamic Focus Waveform. 
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Video Monitor Theory 

FOCUS ADJUSTER 

This circuit, shown in Figure 2.5-25, provides adjustment of the 
static focus for the CRT. The FOCUS adjustment (VR64) is a 
linear dc voltage adjustment which combines with the vertical and 
horizontal dynamic focus voltages at electrode G4 of the CR~. 
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SECTION 2.5 
Video Monitor Theory 

Figure 2.5-26 shows the actual focus waveform which appears at the 
G4 electrode. The static focus voltage (Vdc) can be adjusted 
within the range of -200 volts to -400 volts (approximately). 

-200V 

Figure 2.5-26. Focus Adjuster Circuit Waveform. 
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SHUTDOWN CIRCUIT (X-RAY PROTECTION) 

When the EHT applied to the CRT rises unusually for any reason, 
the Shutdown circuit (Figure 2.5-27) functions to suspend 
horizontal oscillation so that radiation of X-rays from the CRT 
can be suppressed below the standard level. 

The voltage is detected from EHT OUT of the FBT and applied to 
IC43 Pin 3. 

If the EHT rises for any reason, IC43 amplifies an error voltage 
and the resultant voltage is applied to the base of Q41. The 
collector voltage of Q41 is lowered and applied to IC42 Pin 9. 
This activates the protective circuit within IC41, and stops 
horizontal deflection. 

Consequently, high voltage is not applied to the CRT, and 
excessive X-ray radiation is suspended. 

SPOT KILLER CIRCUIT 

When the POWER switch is turned off, the deflection circuit is 
stopped in a very short time, but the electrons in the CRT are 
concentrated in the center of the screen since a high voltage is 
stored and remains between the internal and external conductive 
membranes of the anode. A bright spot will appear in the 
concentrated area and the florescent plane of the CRT may be 
damaged. This circuit is used to avoid such difficulties. 

When the POWER switch is turned on, C455 charges to a voltage 
which depends on the setting of BRIGHT VR on the front panel. 

When the POWER switch is turned off, G1 is suddenly positively 
biased by the static charge at C455 which must be discharged prior 
to stopping deflection. . 

Any slight charges remaining within the CRT after the above 
operation are completely discharged by the Flyback Transformer's 
internal high voltage resistor. 
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Figure 2.5-21. Shutdown Circuit (X-Ray Protection) Circuit. 
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POWER SUPPLY 

Figure 2.5-2S shows the power circuit. 

HOISE LIMITER 

SECTION 2.5 
Video Monitor Theory 

This circuit serves two purposes. It prevents the switching 
noise generated inside the power supply from leaking to the ac 
line which may adversely affect other devices, and keeps external 
noise from entering the power supply and causing erroneous 
operation. CS01, CS04, and LS01 attenuate normal-mode noise, and 
LS01, CS02, and C803 attenuate common-mode noise. 

RECTIFYING AND SMOOTHING 

AC input voltage is rectified by bridge diode DS05. If ac input 
voltage is in the range of 90 to 140 volts, it is doubled and 
rectified full wave by shorting (K7) and·(K9). If ac input 
voltage is in the range of 1S0 to 264 volts, it is rectified full 
wave by opening (K7) and (K9). DC voltages are stabilized at 
constant level by a voltage doubler rectifier circuit that uses 
two smoothing capacitors CS10 and CS11. 

START CIRCUIT 

When the rectified voltage between CS10 and CS11 rises after 
switching ac power on, transistor QS02 turns on to supply Vcc via 
OS08 to ICS01. Then, IC801 starts oscillating, QS01 begins 
switching, and operation continues in a suitable mode. The 
voltages output at (13) and (14) of the switching transformer are 
rectified and smoothed so that Vcc is supplied via OS10 to ICS01. 
At the same time, OSOS turns off and QS02 also turns off. 

SWITCHING OUTPUT 

DC voltages on both ends of C810 and CS11 are switched and 
converted to ac voltages by switching transistor QS01. The 
converted ac voltages are applied to the primary side of the main 
transformer. DS18, C827, and RS39 limit the pulse component to 
be applied to the collector of Q801. QS03·forcibly draws out the 
charges stored in the main switching transistor during its ON 
time to accelerate switching and simultaneously reduce loss. 
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UNAVAILABLE AT THIS TIME 

Figure 2.5-28. Power Supply Circuitry. 
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+70 VOLT OUTPUT 

SECTION 2.5 
Video Monitor Theory 

The output voltage of +70 volt smoothed by D829, D832, L808, 
C854, C809, and C856 is routed via resistor R971 to operational 
amplifier IC802, where an error is detected. The detection 
signal is fed back to the primary side by photocoupler PC801, and 
input to error amplifier 1 in IC801. The change in the +70 volt 
is put to pulse modulation by IC802 to stabilize the +70 volt 
line. The reference voltage is applied to Pin 2 of IC802. This 
reference voltage is generated by 0835. 

PROTECTION CIRCUIT 

When thyristor 0816 in the control circuit turns on, the circuit 
is shut down. 0816 is ignited when current flows to the diode in 
the photocoupler PC802. 
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Section 2.6 

KEYBOARD MODULE THEORY 
INTRODUCTION 
The keyboard module is physically separate from the display/CPU. The only connection is by a 
cable. 

The keyboard module contains: 

• Alphanumeric keyset 

• Numeric keypad 

• Graphics joy-disk 

• 12 special-purpose function keys 

• Keyboard controller chip 

• Two character decoder chips 

• Other associated circuitry (to drive Caps Lock key LED, etc.) 

Figure 2.6-1 depicts the arrangement of the various functional parts of the keyboard module. 

The keyboard operates through a full-duplex serial interface. The data protocol is 1200 baud 
asynchronous. The timing and data transmission is typical of a standard DUART, and is a serial 
data stream as depicted in Figure 2.6-2. 

KEYBOARD CONTROLLER IC 
The keyboard controller is a microprocessor that interfaces between the keyboard and the rest of 
the 4406. The controller operates between the Keyboard/Host Comm I/F on the I/O board and 
the key charater decoders in the keyboard module. 
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Figure 2.6-2. Serial Character Format. 
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KEYBOARD MODULE THEORY 

Figure 2.6-3 is a functional block diagram of the keyboard controller chip. This controller scans 
the keys and then debouncs the key codes when a key is pressed. The controller places the key 
characters in an output queue, an 8-byte fifo. Characters then exit the fifo over the KDO-l output 
line. 

The controller receives control or flagging infonnation from the processor and the KeyboardlHost 
Comm IIF over its KDI-11 and RESET -1 input lines. 

The keyboard module interface consists of five lines: 

• KDI-1 (Pin 1) - Keyboard Data In (to the keyboard mod~le) 
• KDO-l (Pin 2) - Keyboard Data Out (to the display/cpu) 

• RESET -0 (Pin 4) - Reset to the keyboard 

• GND (Pin 5) - Ground to the keyboard 

• +12V (Pin 6) - Vee power to the keyboard 
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KEYBOARD MODULE THEORY 

OPERATION OF CHARACTER DECODERS AND 
KEYBOARD 
The two keysers (alphanumeric and numeric keypad) and the joy disk all consist of key switches 
that make contact at row-column intersections in a matrix of circuit runs. When a key is pressed, 
a connection is fonned between one row and one column in the matrix. A unique combination of 
row and column connections specify each particular key. See Figure 2.6-4. 
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KEYBOARD MODULE THEORY 

CHARACTER GENERATION 
The sequence of events for generating a key code is: 

L The keyboard controller places a strobe on the column decoder. This disables the outputs 
of the column decoder, but allows the controller to sequentially read the line states. 

2. The controller then sequentially reads the status of the column lines in the key matrix (via 
the column decoder chip). 

3. When the controller detects a pressed key, it reads all the row lines (via the row decoder) to 
see which row is also active. 

4. From the known active row and active column, the controller generates the appropriate 
character code. This code is actually two codes: a press code and a release code. The press 
codes fall in the range of OO(hex) to 55(hex) and are listed in Appendix A. The release 
codes are formed by adding 80(hex) to the corresponding key-press codes. 

S. The controller sends a serial character code to the 110 board over the KOO-l output line. 
See Figure 2.6-1 again. 
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Section 2.7 

MASS STORAGE UNIT THEORY 
INTRODUCTION 
The standard 4405 Mass Storage Unit (MSU) includes a 40M byte 
hard disk subsystem with a 5 1/4-inch floppy disk as standard. A 
40M byte hard disk with a 1/4-inch streaming tape for backup is 
optional. Access to the mass storage is through the standard 
Small Computer Standard Interface (SCSI). See Figure 2.7-1. 

This section describes first the Small Computer Standard 
Interface (SCSI), then the circuitry of the Mass Storage Unit 
disk drives, controllers, and power supply. 

THE SMALL COMPUTER STANDARD INTERFACE 

The Small Computer Standard Interface (SCSI) is a Tektronix 
adaptation of the Small Computer System Interface (SCSI) 
described in ANSI document x3T9.2/82-2. The SCSI is a parallel 
data bus designed to allow device-independent communication 
between as many as eight compatible MSU's. The bus is dedicated 
to transferring data to and from Mass Storage Units, such as disk 
drives. 

Figure 2.7-2 shows a simple system in which the CPU is connected 
through the SCSI to two different kinds of disk controllers. In 
any transfer over the SCSI, one device acts as an "Initiator" and 
one device acts a "Target". The Ini tia tor begins a bus 
operation by selecting the Target. Once the Target has been 
selected it takes over and controls the operation until it is 
completed. 

As an example, suppose that the CPU wants to send a data file to 
the second Mass Storage Unit. First, the CPU's interface, acting 
as Initiator, selects the appropriate MSU as its Target. After 
being selected as Target, the interface in the MSU must request 
the following information from the CPU: the amount of data to be 
transferred, the direction of the transfer, and how the data is 
to be stored on the disk. 

Next, the interface in the MSU requests .data bytes from the CPU. 
The transfer operation can involve a single byte or many bytes; 
it can consist of commands, data, or status information. When the 
proper number of bytes has been transferred, the MSU signals the 
CPU that the operation is complete and the bus is released for 
other devices to use. 
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Mass Storage Unit Theory 

Figure 2.7-1. Mass Storage Unit Components. 
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Mass Storage Unit Theory 

Physically, the SCSI consists of eight data bus lines and 
control signal lines. Table 2.7-1 describes the signals. 
information for operations is contained under "Hard Disk 
Controller" later in this section. 

nine 
Timing 

Table 2.7-1 

SIGNALS 

------------------------------------------------------------
Name 

1-0/0-1 (In/Out) 

Definition 

The Hard Disk Controller drives 
this line low to indicate that 
it is sending data over the SCSI 
to the host system. A logic 
high on this line indicates that 
data is coming from the host to 
the Hard Disk Controller. For 
this signal to be valid, REQ-O 
must be true. 

------------------------------------------------------------
C-0/D-1 
(Command/Data) 

This signal indicates whether 
information currently coming 
over the SCSI consists of 
command bytes or data bytes. A 
low means com~and bytes, a high 
means data bytes. For this 
signal to be valid, REQ-O must 
be true~ 

------------------------------------------------------------
BUSY-O 

MSG-O (Message) 

The Hard Disk Controller pulls 
this signal low when it has been 
addressed by the host. This 
tells the host that the Hard 
Disk Controller is ready to 
participate in transactions. 

The Hard Disk Controller pulls 
this signal low to indicate to 
the host that a command has been 
completed. As long as MSG-O is 
true, 1-0/0-1 is low. This is 
so the Hard Disk Controller can 
drive the ASCI. For MSG-O to 
be valid, REQ-O must be true. 

------------------------------------------------------------(continued) 
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Name 

REQ-O (Request) 

ACK-O (Acknowledge) 

RST-O (Reset) 

SEL-O (Select) 

Table 2.7-1 (CONT) 

SIGNALS 

SECTION 2.7 
Mass Storage Unit Theory 

Definition 

The Hard Disk Controller pulls 
this signal low for each byte it 
transfers across the SCSI. When 
this signal goes low, it 
indicates that 1-0/0-1, C-0/D-1, 
MSG-O, and DATA are valid. 

The host pulls this signal low 
in response to each REQ-O from 
the Hard Disk Controller. This 
indicates that the host is ready 
to send or receive a byte over 
the SCSI. The host must send an 
ACK-O for each REQ-O from the 
Hard Disk Controller. 

The host pulls this signal low 
to force the Hard Disk Drive to 
the idle state. The Hard Disk 
Drive clears to its initial 
state and all signals to the 
drives are deactivated. 

I The host pulls this signal to 
initiate a command transaction. 
Simultaneously with SEL-O, the 
host asserts one of the data bus 
lines to select a particular 
Hard Disk Controller. The 
Controller must not be busy 
(BUS-O low), and the host must 
deactivate SEL-O before the end 
of the current command 
transac tion. 

------------------------------------------------------------
These data lines carry data and 
command bytes. They are also 
used one at a time to select an 
individual Hard Disk Controller 
in a multicontroller system. 
(DBO-O select"s controller 0, 
DB1-0 selects controller 1, and 
so forth.) 

------------------------------------------------------------
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Signals on the single-ended SCSI bus are active low. A signal is 
considered asserted or in a logical state when it is between 0 
and 0.8 volts. The signal is considered deasserted or in a 
logical 0 state when it is between 2.0 and 5.25 volts. 

Asserted (Logical 1) and deasserted (Logical 0) will be used in 
timing diagrams and in operational descriptions. Keep in mind 
that the actual voltage levels (and waveforms) on the SCSI bus 
will be dependent on the interface signals. 

BUS PHASES 

The bus has eight distinct operational phases and cannot be in 
more than one phase simultaneously. 

o Bus Free Phase 

o Arbitration Phase 

o Selection Phase 

o Reselection Phase (used only with Tape Drive Controller) 

o Information Transfer Phases: 

o Command Phase 

o Data Phases (Data In / Data Out) 

o Status Phase 

o Message Phases (Message In / Message Out) 

Bus Free Phase 

The Bus Free phase, indicating that the bus is available for use, 
is invoked by the deassertion and passive release of all bus 
signals. All active devices must deassert and passively release 
all bus signals (within a Bus Clear Delay) after deassertion of 
BSY and SEL. 

Devices sense Bus Free when both SEL and BSY are not asserted 
(simultaneously within a Deskew Delay) and the Reset condition 
1s not active. 
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Mass Storage Unit Theory 

Arbitration Phase 

The Arbitration phase allows one SCSI device to gain control of 
the SCSI bus so it can assume the role of Initiator or Target. 

The SCSI device obtains control of the SCSI bus as follows: 

1. The SCSI device waits for the Bus Free phase to occur. 
This phase occurs when the BSY and SEL lines are 
simultaneously and continuously false for a minimum of a 
Bus Settle Delay. 

2. Before driving any Signal, the SCSI waits a minimum of a 
Bus Free Delay after detecting the Bus Free phase. 

3. Following the Bus Free Delay, the SCSI device arbitrates 
for the bus by asserting both BSY and its own SCSI 10. If 
more than one Bus Free Delay passes since the last Bus Free 
Phase was detected, the SCSI device will not arbitrate for 
the bus (i.e., it will not assert BSY or its SCSI 10). 

4. After waiting at least an Arbitration Delay (measured from 
its assertion of BSY), the SCSI device examines the data 
bus. If a higher priority SCSI 10 bit is asserted (DB7 is 
the highest), the SCSI device has lost the arbitration and 
it releases its signals and returns to Step 1. If no 
higher priority SCSI 10 bit is asserted on DATA BUS, the 
SCSI has won the arbitration and asserts SEL. Any other 
device participating in the Arbitration Phase has lost the 
arbitration and shall release its BSY and SCSI 10 bit 
within a Bus Clear Delay after SEL is asserted. 

5. The SCSI device that wins the arbitration waits at least a 
Bus Clear Delay and a Bus Settle Delay after asserting SEL 
before ending the Arbitration phase. 

The SCSI device that won the arbitration becomes an Initiator by 
releasing I/O. The Initiator then sets the DATA BUS to a value 
that is the "OR" of its SCSI ID bit and the Target's SCSI ID bit. 
The Initiator then waits two Deskew Delays and releases BSY. The 
Initiator then waits at least a Bus Settle Delay before looking 
for a response from the Target. ' 

The Target knows it has been selected when SEL and its SCSI 10 
bit have been asserted, and BSY and I/O are deasserted for at 
least a Bus Settle Delay. The Target examines the DATA BUS to 
determine the SCSI 10 of the Initiator and asserts BSY within a 
Selection Abort Time of learning it has been selected. 

At least two Deskew Delays after the Ini ti'ator detects BSY is 
asserted, it releases SEL and may change the DATA BUS. 
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Selection Phase 

The Selection Phase allows an Initiator to select a Target for 
the purpose of initiating some Target function (e.g., READ or 
WRITE DATA). During the Selection Phase, I/O 1s negated to 
distinguish this phase from the Reselection Phase. 

On detecting the simultaneous condition (within one Deskew Delay) 
of SEL, its own SCSI ID asserted, and BSY and I/O not asserted, 
the selected target examines the data bus for the Initiator ID 
and responds by asserting BSY. 

After a minimum of two Deskew Delays (following the detection of· 
BSY from the TARGET), the Initiator deasserts SEL and may change 
the data signals. 

The Initiator may "time out" the Selection Phase by deasserting 
the ID bits on the bus. If (after a Selection Response time plus 
two Deskew Delays) BSY has not been asserted, SEL may be 
deasserted. The Target must drive BSY within a Selection 
Response Time of detecting SEL and its own ID. 

Information Transfer Phases 

The COMMAND, DATA, STATUS, and MESSAGE phases are all used to 
transfer data or control information through the data bus. The 
actual contents of the information is beyond the scope of this 
section. 

The C/D, I/O, and MSG signals are used to differentiate the 
various Information Transfer Phases. Note that these signals are 
not valid without REQ asserted (refer to Table 2.7-1). 

The Information Transfer Phases use the REQ/ACK handshake to 
control data transfer. Each REQ/ACK allows the transfer of one 
byte of data. The handshake starts with the TARGET asserting the 
REQ signal. The Initiator responds by asserting the ACK signal. 
The Target then deasserts the REQ signal and the Initiator 
responds by deasserting the ACK signal. 

With the I/O signal asserted, data will be input to the Initiator 
from the Target. The Target must ensure that valid data is 
available on the bus (at the Initiator port) before the assertion 
of REQ at the Initiator port. The data remains valid until the 
assertion of ACK by the Initiator. The Target should compensate 
for cable skew and the skew of its own drivers. 
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With the I/O signal not asserted, data will be output from the 
Initiator to the Target. The Initiator must ensure valid data on 
the bus (at the Target port) before assertion of ACK on the bus. 
The Initiator should compensate for cable skew and the skew of 
its own drivers. Valid data remains on the bus until the Target 
deasserts REQ. 

During each Information Transfer Phase, the BSY line remains 
asserted, the SEL line remains deasserted, and the Target will 
continuously envelop the REQ/ACK handshake(s) with the C/D, I/O 
and MSa Signals in such a manner that these control signals are 
valid for a Bus Settle Delay before the REQ of the first 
handshake and remain valid until the deassertion of ACK at the 
end of the last handshake. 

Command Phase 

The Command Phase allows the Target to obtain command information 
from the Initiator. 

The Target asserts the C/D Signal and deasserts the I/O and MSa 
signals during the REQ/ACK handshake(s) of this phase. 

Data Phases (Data In I Data Out) 

The Data Phases include both the Data In phase and the Data Out 
phase. 

The Data In 
Initiator. 
C/D and Msa 
phase. 

Status Phase 

phase allows the Target to Input data to the 
The Target asserts the I/O signal and deasserts the 
signals during the REQ/ACK handshake(s) of this 

The Status Phase allows the Target to send status information to 
the Initiator. 

The Target asserts C/D and I/O and it deasserts the MSa signal 
during the REQ/ACK handshake(s) of this phase. 

Message Phases (Message In I Message Out) 

The Message phase· includes the Message In and Message Out phases. 

The Message In phase allows the Target to Input a message to the 
Initiator. The Target asserts C/D, I/O and MSa during the 
REQ/ACK handshake(s) of this phase. 
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The Message Out phase allows the Target to obtain a message from 
the Initiator. The Target may invoke this phase only in response 
to the Attention condition created by the Initiator. In response 
to the Attention condition, the Target asserts C/O and MSG and 
deasserts the I/O signal during the REQ/ACK handshakes of this 
phase. 

SIGNAL RESTRICTIONS BETWEEN PHASES 

When the BUS is between phases, the following restrictions apply 
to the BUS signals: 

o The BSY, SEL, REQ and ACK signals may not change. 

o The C/C, I/O, MSG and DATA signals may change. 

o The ATN and RST signals may change as defined under the 
descriptions for the Attention and Reset conditions. 

BUS CONDITIONS 

The bus has two asynchronous conditions: the Attention condition 
and the Reset condition. These conditions cause certain Bus 
Device actions and can alter the bus phase sequence. 

Attention Condition 

Attention allows the Initiator to signal the Target of a waiting 
IDENTIFY MESSAGE. The TARGET may access the message by invoking 
a MESSAGE OUT phase. 

The INITIATOR creates the ATTENTION condition by asserting ATN at 
any time except during the BUS FREE phase. The TARGET responds 
when ready with the MESSAGE OUT phase. The INITIATOR keeps ATN 
asserted if more than one byte is to be transferred. 

The INITIATOR can deassert the ATN signal during the RESET 
condition, during a BUS FREE phase, or while the REQ signal is 
asserted and before the ACK signal is asserted during the last 
REQ/ACK handshake of a MESSAGE OUT phase. 
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SECTION 2.7 
Mass Storage Unit Theory 

The Reset condition, created by the assertion of RST, is used to 
clear immediately all devices from the bus, and to reset these 
devices and their associated equipment as defined in the 
controller specification. 

Reset can occur at any time and takes precedence over all other 
phases and conditions. Any device (whether active or not) can 
invoke the Reset condition. On Reset, all devices will 
immediately (within a Bus Clear Delay) deassert and passively 
release all bus signals except RST itself. Targets capable of 
continuing an I/O operation after being interrupted by Reset will 
clear any I/O operation that has not been established. 

The RESET condition stays on for at least one Reset Hold Time. 
During the Reset condition, no bus signal except RST can be 
assumed to be valid. 

Regardless of the prior bus phase, the bus resets to a Bus Free 
phase (and then starts a normal phase sequence) following a Reset 
condition. 

Phase Sequencing 

Phases are used on the bus in a prescribed sequence. In all 
systems, the reset condition can interrupt any phase and is 
always followed by the Bus Free phase. (Any other phase can also 
be followed by the Bus Free phase.) 

The normal progression is from Bus Free to Selection, and from 
Selection to one or more of the Information Transfer phases 
(Command, Data, Status or Message). 

There are no restrictions on the sequencing between Information 
Transfer phases. A phase may even follow itself (e.g., a Data 
phase may be followed by another Data phase). 
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TIMING 

Unless otherwise indicated, the delay time measurements for each 
device are calculated from signal conditions existing at the 
device BUS PORT. Delays in the bus cable need not be considered 
for these measurements: 

o Aborted Selection Time: 200 microseconds (max) 

The maximum delay allowed from Select detection until a 
BSY response is generated by a Target (or Initiator) 
during Selection. This is not SELECT TIMEOUT. 

o Bus Clear Delay: 1.1 microseconds 

The maximum time from detection of Bus Free until BSY is 
driven. 

o Bus Settle Delay: 450 nanoseconds (minimum) 

o Cable Skew: 10 nanoseconds (maximum) 

o REQ Response Timeout: 250 milliseconds 

The delay allowed between assertion of REQ by the Target 
and time out (due to lack of ACK from the Initiator). 

o Reset Hold Time: 25 microseconds (minimum) 

The minimum time during which RST is asserted. No 
maximum. 

o Select Timeout: 250 milliseconds 

2.7-12 

The delay allowed for BSY response from a Target before 
time out during selection. 
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SECTION 2.7 
Mass Storage Unit Theory 

FUNCTIONAL OVERVIEW 

Mass Storage Unit has the following functional blocks: 

Floppy Disk Controller 

Floppy Disk Drive 

Hard Disk Controller 

Hard Disk Drive 

Power Supply 

Since the Floppy Disk Drive is described in detail in the 
119-1636-00 Floppy Disk Drive Service Manual, this section 
contains only a general functional description. 

The Floppy Disk Controller and the Hard Disk Controller are 
described in detail in this manual. The Hard Disk Controller is 
common to both standard and optional Mass Storage Unit in the 
4400 series. 

Since the Hard Disk Drive is described in detail in the 
119-1644-00 Hard Disk Drive Service Manual, this section 
contains only a general functional description, showing how the 
drive fits into the architecture of the 4400 series. 

The majority of the Floppy Disk and Hard Disk Controllers' 
circuitry is not repairable to the component level. Therefore, 
this manual describes both controllers in general functional 
terms without detailed module information. See the Schematics 
section for the first level of interface circuitry. 
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FLOPPY DISK CONTROLLER 

Figure 2.7-3 is a block diagram of the Floppy Disk Controller. 
The Floppy disk Controller's functional blocks are described in 
detail in the following paragraphs. 
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Figure 2.7-3. Floppy Disk Controller Block Diagram. 
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6502A MICROPROCESSOR 

The 6502A Microprocessor supervises all Floppy Disk Controller 
operation. Acting upon instructions contained in ROM, the 6502A 
sets up the Disk Controller for disk read/write operations, and 
it sets up the interface to control disk data transfers 
between the host and the Floppy Disk Controller. 

The 6502A's inputs and outputs function as follows: 

RAM 

o AO through A15: the address bus. 

o DO through D7: the data bus. 

o PHASE2-0: a clock output that synchronizes read/write 
operations. 

o R-1/W-0: controls the direction of data flow on the data 
bus. 

o PHASEO-O: the master clock input to the 6502A. 

o PFAIL-O: an input from the power supply that indicates 
power failure. 

o IRQ-O: indicates to the 6502A that the Disk Controller 
finished a seek operation or completed a command. 

You use the RAM primarily as a buffer to hold disk data. The RAM 
consists of a single 6116 2K x a bit static RAM chip. You enable 
the RAM by asserting RAMCS-O for addresses in the range of 0 to 
07FF (hexadecimal). 

ROM 

The ROM is a 2732A 4K x a-bit EPROM. It contains instructions 
for the 6502A Microprocessor. ROMCS-O enables the ROM for 
addresses in the range of F000 to FFFF (hex). 

ADDRESS DECODER 

The Address Decoder consists of two Programmable Array Logic 
Devices. Each PAL contains an array of logic gates that is 
programmed to decode certain address bits and control signals and 
provide select Signals for Floppy Disk Controller functions. 
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Address mapping in hexadecimal for the Floppy Disk Controller 
is as follows: 

RAM o through 07FF 

ROM FOOO through FFFF 

DATA 0801 

CONTROL/STATUS 0800 

DISK CONTROLLER CONTROL 0804 

DISK CONTROLLER STATUS 0805 

TERMINAL COUNT 0803 

The Address decoder's outputs are as follows: 

o RD-O (Read). This signal is true when the 6502A is reading 
data. 

o WR-O (Write). This signal is true when the 6502A is 
writing data. 

o STATUSEN-O ( Status Enable). This signal enables the 
status register in the Interface. 

c OUTCLK-O ( Output Clock). This signal clocks the output 
data register in the Interface. 

o OUT-O ( Data Out). This signal enables the data output 
driver in the Interface. 

o IN-O ( Data In). This signal enables the data input 
register in the Interface. 

o CMDCLK-O ( Command Clock). This signal clocks the command 
register in the Interface. 

o TC-O (Terminal Count). This signal indicates to the Disk 
Controller that the last byte has transferred in a disk 
read or write operation. 

o FDCCS-O (Floppy Disk Controller Chip Select). This signal 
enables the uPD765 Floppy Disk Controller chip. 

o ROMCS-O (ROM Chip Select). This signal enables the ROM. 

o RAMCS-O (RAM Chip Select). This signal enables the RAM. 
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See the following truth table (Table 2.7-2) for the Address 
Decoder's inputs and outputs. 

Table 2.7-2 

ADDRESS DECODER TRUTH TABLE 

INPUT· 
---------------------------------------------------------------

OUTPUT R-1/W-0 Phase 2-1 Busy-1 1-0/0-1 A15 
---------------------------------------------------------------

RD-O H H x x x 
---------------------------------------------------------------

WR-O L H x x x 

STATUSEN-O H H x x L 
---------------------------------------------------------------

OUT-O x x H H x 

OUTCLK-O x x x x L 

IN-O x H x L L 

CMDCLK-O L H x x L 

TC-O x H x x L 

FDCCS-O x H x x L 

ROMCS-O x x x x H 
---------------------------------------------------------------

RAMCS-O x x x x L 
---------------------------------------------------------------

RD-O x x x x x x x x 
---------------------------------------------------------------

WR-O x x x x x x x x 
---------------------------------------------------------------

STATUSEN-O L L L H L L L L 
---------------------------------------------------------------

OUT-O x x x x x x x x 
~--------------------------------------------------------------OUTCLK-O L L L H L L L H 
---------------------------------------------------------------• Convention: 

2.7-18 

L c Low Logic Level 
H = High Logic Level 
X = Don't Care 
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Table 2.7-2 (CONT) 

ADDRESS DECODER TRUTH TABLE 

--------------------------------------------------------------
INPUT* 

--------------------------------------------------------------
OUTPUT I A14 I A13 I A12 I A11 I A10 I A2 I A1 I AO 

I IN-O L L L H L L L H 

I CMDCLK-O L L L H L L L L 
--------------------------------------------------------------
I TC-O L L L H L L H H 

I FDCCS-O L L L H L H L L 
--------------------------------------------------------------
I ROMCS-O H H H x x x x x 
--------------------------------------------------------------
I RAMCS-O L L L L 

* Convention: L = Low Logic Level 
H = High Logic Level 
X = Don't Care 

INTERFACE 

x x x 

The Interface consists of several registers that the 6502A 
Microprocessor uses to conduct data transfers: 

x 

o The 6502A writes into the command register and driver (U145 
and U45) to assert the control signals. 

o The 6502A reads status signals through U150. 

o The 6502A sends data through the output data 
register and driver, U155 and U160, and it receives 
data through the input data register, U165. 

The signal lines are defined under "The Mass· Storage Interface 
Bus" earlier in this section. The control signals for the 
various registers are defined under "Address Decoder." 
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DISK CONTROLLER 

The Disk Controller does most of the interfacing tasks, such as 
data encoding and read/write head stepping for the floppy disk 
drives. Except for a few auxiliary circuits, the Disk Controller 
consists of a single large-scale integrated circuit, U225, which \ 
will be called the FDC in the following discussion. 
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The FDC has an instruction set that the 6502A Microprocessor uses 
to control drive operation. For example, to read data from a 
disk, the 6502A first sends the Seek command, then a Sense Interrupt 
Status command, followed by a Read Data Command. 

The Seek command tells the FDC which track on the disk to send 
the read/write head to; the FDC then steps the head in or out to 
the proper track. The 6502A issues the Sense Interrupt Status 
command to see if the seek operation was successful and to set up 
the FDC receive the Read Data command. 

The Read Data command tells the FDC which sectors on the selected 
track to read and how the data is formatted (number of bytes per 
sector, etc.). To carry out the Read Data Command, the FDC 
begins to assemble the serial data from the disk into 8-bit 
bytes. The FDC signals the 6502A as each byte is available, 
using the RQM bit of the main status register in the uPD765 
(FDC). The 6502A stores the byte in a RAM buffer. When the 
proper number of bytes is transferred, the 6502A signals the FDC 
by asserting TC-O (Terminal Count). The FDC signals its 
completion by giving IRQ. 

As shown in Figure 2.7-4, FDC contains seven functional blocks: 

Data Bus Buffer. The Data Bus Buffer links the FDC's internal 
data bus with the 6502A's data bus. 

Read/Write Control Logic. The Read/Write Control Logic 
controls 6502A access to the FDC. 

Registers. The FDC contains an 8-bit main status register and 
a data register stack consisting of several sequentially accessed 
registers where the 6502A writes commands and data. 
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Serial Interface Controller. During disk write operations, 
the Serial Interface Controller converts data bytes from the 
6502A into an MFM encoded serial data stream for the disk; during 
reads, it converts the serial data from the disk back into bytes. 

Drive Interface Controllero The Drive Interface Controller 
oversees drive operation. It controls such functions as head 
stepping and drive selection. 

Input and Output Ports. The Input and output ports provide 
the electrical interface between the Drive Interface Controller 
and the drives. 
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Figure 2.7-4. FDC Block Diagram. 
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CLOCK GENERATOR 

The Clock Generator supplies timing signals for the 6502A 
Microprocessor, the FDC, and the Data Separator. 

Y360, the master oscillator, generates a 16 MHz reference clock. 
This signal drives a counter, U260, where it is divided to 
produce several square wave outputs: 8 MHz (Pin 11), 4 MHz (Pin 
10), 2 MHz (Pin 9), 1 MHz (Pin 8), 500 KHz (Pin 3), and 250 KHz 
(Pin 4). These outputs are applied to U255, a dual 4-to-1 
multiplexer. 

The purpose of the multiplexer is to select clock frequencies for 
the Data Separator and FDC. The frequencies selected are 
controlled by the multiplexer's A and B inputs (Pins 14 and 2). 
The A input, controlled by MFM-1 from the FDC, selects between 
single (FM) and double density (MFM) data encoding. The B input, 
controlled by MINISEL-O, selects between between 5 1/4" and 8" 
drive operation. Since the Mass Storage Unit uses only double density 
recording and 5 1/4" drives, A is always high and B is always 
low. This results in 4 MHz and 500 KHz clock signals at 
mul tiplexer outputs 1Y and 2Y, respect.ively. 

Output 2Y drives U250A, which, together with U250B, generates 
WCLOCK-1. WCLOCK-1 is a positive-going 250 ns pulse occurring at 
500 KHz. Output 1Y is CLOCK-1, a 4 MHz square wave that drives 
the Data Separator, FDC, and motor off/on timing circuit. 

DATA SEPARATOR 

When it is reading a disk, the disk drive sends back a serial bit 
stream that contains both clock and data bits. The Data 
Separator, U345, converts the bit stream into separate clock and 
data signals for the FDC, which cannot distinguish between data 
and clock bits. Since the read data stream can vary in 
frequency, the Data Separator must lock onto the clock bits in 
the data stream and maintain a constant phase relationship 
between the separated clock and data signals~ For the timing 
relationships of the Data Separator's inputs and outputs, see 
Figure 2.7-5. 

2.7-24 COMPONENT-LEVEL SERVICE 



SECTION 2.7 
Mass Storage Unit Theory 

REFCLK 

INTCLK 

coo 
CD' 

DSKD 

..... 
-.. 
-.. 

~ 

CLOCK 
DIVIDER 

--.. 
--.. 

EDGE 
DETECTION 

LOGIC 

FLOPPY DISK DATA SEPARATOR BLOCK DIAGRAM 

- +5V 
-GND 

~ 
DATA/CLOCK PULSE ~ SEPCLK 
SEPARATION REGENERATION 

LOGIC LOGIC -. SEPD 
--+ 

TIMING 

SEPCLK---J ~I ________________ -f------------------~ __________ __ 
SEPD~I- LJ 

--I '-- Always two Internal clock cycles. 

LI 

AC CHARACTERISTICS 

t, E~'~~n 
\ 

I I I 
tSOON tSOOFF 

SEPD---

'i I 
SEPCLK >C 

----------------------------------------------- I 

DSKD _________________ ~ r tOLL
---' 

~ Jt 
I I 

SYMBOL 

lev 
leKH 
leKL 
tSOON 

REFCLK Frequency 
REFCLK High Time 
REFCLK Low Time 
REFCLK to SEPD "ON" DELAY 

SYMBOL 

tSOOFF 
tSPCK 

tOLL 
t f 

t f 

REFCLK to SEPD "OFF" Delay 
REFCLK to SECLK Delay 
DSKD Active Low Time 
REFCLKRise Time 
REFCLK Fan Time 

Figure 2.7-5. Data Separator Block Diagram and Timing. 

COMPONENT-LEVEL SERVICE 

SS10·78 

2.7-25 



SECTION 2.7 
Mass Storage Unit Theory 

PIN NO. 

2 

3 
4 
5.6 

7 
8 

TYPICAL SYSTEM CONFIGURATION 
(5114" Drive, Double Density) 
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U345 PIN CONFIGURATION 

DSKD 8 
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NAME SYMBOL FUNCTION 

DIsk Data DSKD Data input signal direct from disk drive. Contains combined clock and data 
waveform. 

Separated Clock SEPCLK Clock signal output from the FDDS derived from floppy disk drive serial bit 
stream. 

Reference Clock REFCLK Reference Clock input 
Ground GND Ground. 
Clock Divisor CDO,CD1 COO and CD1 control the internal clock divider circuit The internal clock is a 

submultiple of the REFCLK according to the following table: 

CD1 COO Divisor 
0 0 1 
0 1 2 

0 4 
1 8 

Separated Data SEPD SEPD is the data output of the FDDS 
Power Supply Voo + 5 volt power supply 

4688·31 

Figure 2.7-6. Typical System Configuration. 
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The purpose of the Write Precompensation Logic is to compensate 
for bit shift. Bit shift arises when the flux transitions by 
which data and clock bits are stored on the disk become very 
closely spaced, especially on the inner tracks of the disk during 
double density recording. When data is read back from the disk, 
current changes induced in the read head cannot take place 
instantaneously. The read head is still responding to one 
transition when the next one comes along; this means that the 
next transition is partially canceled. The effect of this is to 
spread the current peaks apart, causing a shift in timing. 

The Write Precompensation Logic corrects for bit shift by 
pre shifting the write data in a direction opposite to the 
expected bit shift. The FDC has two outputs, PRESHIFTO-1 and 
PRESHIFT1-1, that tell the Write Precompensation Logic which 
direction to shift the data bits. 

The Write Precompensation Logic consists of an 8-bit, serial-in, 
parallel-out shift register (U220) and a multiplexer (U210). The 
8 MHz output of the Clock Generator clocks the shift register. 
(The jumper at J7 selects between 8 MHz and 16 MHz, but the Mass 
Storage Unit and 4926 Option 25 use only 8 MHz.) 
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The serial input to the shift register, WDATA-1 (Write Data), 
advances through the register at 125 ns per stage. This means 
that outputs QA, QC, and QE represent WDATA-1 delays of 0, 250 
ns, and 500 ns, respectively. The multiplexer selects among 
these delayed outputs for precompensation: QA is selected for 250 
ns early preshift, QC for no preshift, and QE for 250 ns late 
preshift. The Imultiplexer's output is inverted and becomes 
WDATA-O, the precompensated write data output to the disk drive. 

DRIVE SELECT DECODER 

<this will change) 

The Drive Select Decoder decodes SELO-O and SEL1-0 from the FDC 
and provides select signals for four drives. Only DSELO-O and 
DSEL1-0 are used in the Mass Storage Unit. Jumpers must be 
installed at UNITO and UNIT1 in order to drive the RDY-O (Ready) 
signal line. 
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DISK CONTROL MULTIPLEXER 

Several pins on the FDC have a dual function: During Seek 
operations, they carry one signal; during read/write operations, 
they carry another. The purpose of the Drive Control Multiplexer 
is to steer the appropriate signal to or from the drives at the 
right time. Signal routing is controlled by RW-0/SEEK-1 from the FDe. 

The Disk Multiplexer's outputs are as follows: 

o DIR-O (Direction). This signal controls whether the 
read/write head steps in or out. 

o STEP-O (Step Head). This signal steps the read/write head 
in or out one track for each low to high transition. 

o WPROT-O (Write Protect). This signal, when low indicates 
that the diskette in the drive is write protected. 

o TK-O (Track 0). This signal indicates that the read/write 
head is at track O. 
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FLOPPY DISK DRIVE 

FUNCTIONAL CHARACTERISTICS 

The Floppy Disk Drive consists of read/write and control 
electronics, drive mechanism, read/write head, and precision 
track positioning mechanism. These components perform the 
following functions: 

o Interpret and generate control signals. 

o Move read/write heads to the desired track. 

o Read and write data. 

See Figure 2.7-7 for the interface signals and their relationship 
to the internal functions. 
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Figure 2.7-7. Floppy Disk Drive Functional Diagram. 
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Read/Write and Control Electronics 

The electronics package contains: 

o Index detector circuits 

o Head position actuator driver 

o Read/write amplifier and transition detector 

o Write protect detector 

o Drive select circuit 

o Drive motor control 

Drive Mechanism 

The dc drive motor under servo speed control (using an integral 
tachometer) rotates the spindle at 300 rpm through a direct drive 
system. An expandable collet/spindle assembly provides precision 
media positioning to ensure data interchange. 

Positioning Mechanics 

The read/write head assembly is accurately positioned through the 
use of a band positioner which is attached to the head carriage 
assembly. This positioner rotates in discrete increments by a 
stepping motor to accomplish precise track location. 
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A single element ceramic read/write head with tunnel trace 
elements provide erased areas between data tracks. Thus, normal 
interchange tolerances between media and drives do not degrade 
the signal-to-noise ratio. This ensures the interchangeability 
of floppy disks. 

The read/write heads are mounted on a carriage which is located 
on precision carriage ways. A platen on the base casting holds 
the floppy disks on a plane perpendicular to the read/write 
heads. This precise registration assures compliance with the 
read/write heads (which are in direct contact with the floppy 
disk. 

Recording Formats 

The format of the data recorded on the floppy disk is totally 
a function of the CPU. This format takes maximum advantage of the 
available bits that can be written on anyone track. 

FUNCTIONAL OPERATIONS 

Power Sequeneing 

Applying dc power to the Floppy Disk Drive can be done in any 
sequence. However, during power up, the WRITE GATE lin~ must be 
held inactive or at a high level. This prevents possible 
"glitching" of the media. After applying dc power, introduce a 
100 ms delay before performing any operation. 

After powering on, the initial position of the read/write heads 
with respect to the data tracks on the media is indeterminant. 
In o~der to assure proper positioning of the read/write heads 
after power on, perform a Step Out operation until the TRACK 00 
line becomes active (Recalibrate). 

Drive Selection 

When you jumper the DRIVE SELECT line you want to activate, then 
that line alone responds to input lines or gate output lines. 
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Motor On 

In order for the host system to read or write data, you must turn 
on the dc drive motor by activating the MOTOR ON line. You 
should introduce a 500 ms delay (after activating this line) to 
allow the motor to come up to speed before attempting to read or 
write. 

The host system must turn off the motor by deactivating the the 
MOTOR ON line. The control electronics keep the motor active for 
three seconds, after MOTOR ON is deactivated. This allows 
reselecting during copy operations. 

Track Accessing 

Seeking the read/write heads from one track to another is 
accomplished by: 

o Activating the DRIVE SELECT line 

o Selecting the desired direction by using the DIRECTION 
SELECT line 

o WRITE GATE being inactive 

o Pulsing the STEP line. 

Multiple track accessing is accomplished by the repeated pulsing 
of the STEP line (with direction valid) until reaching the 
desired track. Each pulse on the STEP line causes the read/write 
heads to move one track either in or out, depending on the 
DIRECTION SELECT line. Head movement is initiated on the trailing 
edge of the step pulse. 

Step Out 

With the DIRECTION SELECT line at a plus logic level (2.4 to 5.25 
V), a pulse on the STEP line causes the read/write heads to move 
one track away from the disk center. The pulse(s) applied to the 
STEP line should have the timing characteristics shown in Figures 
2.7-8 and 2.7-9. 

Step In 

With the DIRECTION SELECT line at a minus logic level (0 to 0.4 
V), a pulse on the STEP line causes the read/write heads to move 
one step closer to the disk center. The pulse(s) applied to the 
STEP line should have the timing characteristics shown in Figures 
2.7-8 and 2.7-9. . 
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Head selection is controlled via the I/O signal line designated 
SIDE SELECT. A plus logic level on the SIDE SELECT line selects 
the read/write head on the side 0 surface of the floppy disk. A 
minus logic level selects the side 1 read/write head. When 
switching from one side to the other, a 100 us delay is required 
after SIDE SELECT changes state before a read or write operation 
can be initiated. Figure 2.7-10 shows the use of SIDE SELECT 
prior to a read operation. 

Read Operation 

You read data from the Floppy Disk Drive by: 

o Activating the DRIVE SELECT line 

o Selecting the head 

o WRITE GATE being active 

Write Operation 

You write data to the Floppy Disk Drive by: 

o Activating the DRIVE SELECT line 

o Selecting the head 

o Activating the WRITE GATE line 

o Pulsing the WRITE DATA line with the data to be written. 

Sequence of Events 

The timing diagrams shown in the preceding Figures 2.7-8 and 
2.7-9, and in the following Figures 2.7-10 and 2.7-11, indicate 
the necessary sequence of events (with associated timing 
restrictions) for proper operation. 

COMPONENT-LEVEL SERVICE 2.7-37 



SECTION 2.7 
Mass Storage Unit Theory 

POWER ON 

~---------------------------~1~\--------------1· .. --···'l00mS(MAX) 

MOTOR ON 

,,---------------------~H~-------------
DRIVE SELECT 

21's (MAX) 

t---------------~l~! -----------
I---.~I-•. I ;00 ms (MAX) 

VALID READ DATA ______ ....;...__.. 

- 1- 1.1 m.(MAX,- "E 
SIDE SELECT _________ ~ I~ 2001's (MAX) 

,~------------~i~~ ____ -J/ 
1001'$ (MIN) I. ~ 

'- 500 NS (MIN) 
WRITE GATE --------------__ I~ ,.. ____ _ 

-1' r---a'!:MAx) I / 
WRITE TRANSITIONS -----------------VV.-I-----

8 I'S(MAX)_I -

SS1G-82 

rilure 2.7-10. READ to WRITE T1m1nl Characteristics. 

2.7-38 4404 COMPONENT-LEVEL SERVICE 



SECTION 2.7 
Mass Storage Unit Theory 

POWER ON 

,,----------------------------
1 ... ---- '00 ms 

MOTOR ON ---.... ""'\.------ -~'" 

DRIVE SELECT ______ ..... 

~I~----------------------
-1'I'S(MIN) 

DIRECTION --~,,-~~~~~~~_-___ X II ,-----------

-/'I'S(MIN) 

STEP -------~" J-,-------
I · ·1 ' I'S (MIN) 

5610-83 

Figure 2.7-11. POWER ON to STEP Timing Characteristics. 

COMPONENT-LEVEL SERVICE 2.7-39 



SECTION 2.7 
Mass Storage Unit Theory 

ELECTRICAL INTERFACE 

All lines in the signal interface (control and data transfer) are 
digital in nature, and provide signals either to the drive 
(input) or to the host (output) via interface connector P1/J1. 
See Figure 2.7-12 for all interface connections. 
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HARD DISK CONTROLLER 

As shown in the block diagram, Figure 2.7-13, the Hard Disk 
Controller contains the following functional blocks: 

o Host Interface. The Host Interface connects the Hard Disk 
Controller's internal data bus to the SCSI. The movement of 
data through the Host Interface is controlled by the Data 
Buffer Manager. 

o Processor. All functions within the Hard Disk Controller 
are under the general control of an 8-bit microprocessor. 

o Data Buffer Manager. The Data Buffer Manager synchronizes 
the operation of the Host Interface, the Serializer/ 
Deserializer, and the Data Buffer. 

o Serializer/Deserializer. The Serializer/Deserializer 
converts parallel data coming over the internal data bus to 
a NRZ (Non-Return to Zero) serial data stream suitable for 
the Data Separator. It converts serial data coming from the 
Data Separator to parallel format for transfer over the 
internal data bus. 

o Data Separator. The Data Separator converts the serial NRZ 
data stream coming from the Serializer/Deserializer to 
serial MFM (Modified Frequency Modulation) encoded data 
suitable for the Hard Disk Drive. The Data Separator also 
converts MFM data (coming back from the drive) to NRZ 
format. 

o The Data Buffer. The Data Buffer temporarily holds data 
during transfers between the disk drive and the host; its 
function is to prevent overrunning the host or the drive. 

Refer to the Hard Disk Timing Diagram in Section 5 for signal 
timing. 
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Figure 2.7-13. Hard Disk Controller Block Diagram. 
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HARD DISK DRIVE 

As shown in the block diagram, Figure 2.7-14, the Hard Disk Drive's 
circuitry is divided into the following functional devices: 

o Control Logic 

o Read Write Circuits 

o Stepping Motor Control 

o Motor Speed Control 

The following paragraphs describe each of these devices. 

CONTROL LOGIC 

The Control Logic includes all circuitry that directs and 
coordinates the drive'S operation. Most Control Logic functions 
are performed by an 8-bit microprocessor. The microprocessor's 
responsibilities include the following functions: 

o Determining when the spindle motor is up to operating 
speed. 

o Monitoring the Track 0 Sensor in the Head Positioning 
Mechanism to see if the read/write heads are at track 0 
(required in order to calibrate head position). 

o Controlling and monitoring track-to-track head stepping. 

o Receiving control Signals from and transmitting status 
Signals to the Hard Disk Controller. 
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Figure 2.7-14. Hard Disk Drive Block Diagram. 
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READ/WRITE CIRCUITS 

The read circuit converts the raw MFM data signal from the 
read/write heads to a differential, serial data stream suitable 
for the Hard Disk Controller. 

The write circuit converts the differential MFM data from the 
Hard Disk Controller into a write signal current within the 
read/write heads. 

STEPPING MOTOR CONTROL 

As directed by the Control Logic, the Stepping Motor Control 
drives the stepping motor in the Head Positioning Mechanism, 
causing the read/write heads to move from track to track. 

MOTOR SPEED CONTROL 

The Motor Speed Control drives the Spindle Motor at a constant 
speed of 3600 rpm. A Hall-Effect sensor within the Spindle Motor 
provides feedback to the Motor Speed Control, allowing it to 
maintain a constant speed. 

DRIVE INPUT/OUTPUT SIGNALS 

Tables 2.7-3, 2.7-4, and 2.7-5 describe the input/output signals for 
the Hard Disk Drive. 
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DRIVE CONTROL INPUT SIGNALS 

I Name 

REDUCED WRITE 
CURRENT-O 

WRITE GATE-O 

DIRECTION IN-O 

I Description 

This signal, when asserted at 
the same time as WRITE GATE-O, 
causes the write circuitry to 
write on the disk with reduced 
write current. Not all makes 
and models of the drive use the 
Reduced Write Current signal 
line. 

I When low, this signal enables 
I the write circuitry; when high, 
I it enables the read circuitry_ 

This signal determines the 
direction of the read/write 
head's motion during stepping. 
When DIRECTION IN-O is low, the 
head moves toward the center of 
the disk (higher numbered 
tracks). 

------------------------------------------------------------
STEP-O This signal moves the read/write 

head in or out, as determined by 
DIRECTION IN-O. Movement takes 
place on the low-to-high 
transition of STEP-O. 

------------------------------------------------------------
DRIVE SELECT1-0 thru 
DRIVE SELECT4-0 

These signals activate the 
drive. Only one signal is used 
for a particular drive; a shunt 
block (strap option) within the 
drive determines which DRIVE 
SELECT signal is used. 

------------------------------------------------------------
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Table 2.7-4 

DRIVE CONTROL OUTPUT SIGNALS 

------------------------------------------------------------
I Name 

SEEK COMPLETE-O 

I Description 

This signal goes true when the 
read/write head has settled on 
the final track at the end of a 
seek operation. SEEK COMPLETE 
indicates that reading or 
writing can now take place. 

------------------------------------------------------------
TRACKO-O 

WRITE FAULT-O 

INDEX-O 

This Signal goes true when the 
read/write head is positioned at 
Track 0, the outermost data 
track. 

This signal, when low, indicates 
a fault condition that may cause 
improper writing on the disk. 
Further writing and stepping are 
inhibited until the fault is 
corrected. These conditions are 
detected: 

o Write current "while WRITE 
GATE is not true, or no 
write current with WRITE 
GATE true and DRIVE 
SELECTED true. 

o Multiple heads selected, 
no head selected, or head 
improperly selected. 

o DC voltages grossly out of 
tolerance. 

This signal goes"true once each 
revolution of the disk to 
indicate the beginning of a 
track. The low-to-high 
transition of the signal is the 
index. 

------------------------------------------------------------
DRIVE SELECTED-O 

2.7-48 

I This signal. when low, indicates I 
I to the host that the drive is in I 
I the selected state. I 
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DRIVE DATA TRANSFER LINES 

------------------------------------------------------------
I Name I Description 

MFM READ DATA-O and 
MFM READ DATA-1 

MFM WRITE DATA-O and 
MFM WRITE DATA-1 

COMPONENT-LEVEL SERVICE 

This differential .pair of signal 
lines carries the serial MFM 
data stream recovered from the 
disk. The transition of MFM 
READ DATA-1 to a level more 
positive than MFM READ DATA-O 
represents a flux transition on 
the track being read. 

This differential pair of signal 
lines carries the serial MFM 
data to be written on the disk. 
The transition of MFM WRITE 
DATA-1 to a level more positive 
than MFM WRITE DATA-O produces a 
flux reversal on the track being 
recorded. These signal lines 
must be driven to their inactive 
states during read operations. 
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POWER SUPPLY 

The MSU Power Supply uses a high efficiency, pulse-width 
modulated inverter to generate +5 Vdc and +12 Vdc regulated 
outputs. The supply rectifies and filters the line voltage, then 
chops the resulting DC voltage at approximately 20 KHz. The 20 
KHz chopped current passes through a transformer to two secondary 
windings where it is rectified, filtered, and regulated to 
produce the +5 Vdc and +12 Vdc outputs. The +5 Vdc output is 
regulated by varying the duty cycle of the 20 KHz chopped 
current; the +12VDC output is regulated independently by a 
conventional series pass regulator. 

The following paragraphs describe the Power Supply's circuitry in 
detail. Refer to the block diagram, Figure 2.7-15, and to the 
schematic diagram while reading the circuit descriptions. 

VDE FILTER 

The VDE Filter prevents electromagnetic interference from 
entering or leaving the power supply by way of the ac power 
lines. The filter is designed to meet the requirements of the 
Verband Deutscher Electrotekniker (VDE), which is the 
certifying agency for electromagnetic compatibility in the 
Federal Republic of Germany. 

TRIAC/TRIGGER 

The TRIAC/Trigger circuit serves two functions: it controls ac 
power to the power supply and it supplies start-up power to the 
Schmitt Trigger, Base Drive, and Pulse-Width Modulator circuits. 

TRIAC Q130 acts as a switch to control AC power to the power 
supply. To turn on power, the TRIAC must be triggered; this is 
the function of the triggering circuitry. Triggering, in turn, is 
enabled and disabled by the Logical On/Off Switch. 

As long as the 4926 js plugged into the power mains, a portion of 
the line voltage app~ars, by way of voltage divider R138/137, 
across the primary (Pins 2 and 3) of T140. The triggering 
voltage for the TRIAC is developed across the secondary winding 
between Pins 4 and 5 of T140. The winding between Pins 7 and 9 
of T140 controls the TRIAC triggering, a~ descr.ibed in the 
following paragraph. 
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Figure 2.7-15. Power Supply Block Diagram. 
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During power-off, the Logical On/Off Switch presents an 
effective short circuit across Pins 7 and 9. This reflects a 
very low impedance back into the primary of T140 and prevents 
sufficient triggering voltage from being developed across Pins 4 
and 5~ At power-up, the Logical On/Off circuit releases the 
short from Pins 7 and 9, thereby allowing the TRIAC to be 
triggered. 

As the short is removed from Pins 7 and 9 of T140, a voltage is 
developed across that winding as well. This voltage is 
rectified, and supplies (through CR153 and R153) start-up power 
to the Schmitt Trigger, Base Drive, and Pulse-Width Modulator 
circuits. 

LOGICAL ON/OFF SWITCH 

The Logical On/Off Switch allows remote on/off control of power 
to the power supply. The circuit consisting of Q155, Q157, and 
their associated components acts as an SCR that can be turned off 
or on by the ON-O signal line. As long as ON-O is held at TTL 
logic high, the SCR will switch on whenever the voltage across 
Pins 7 and 9 of T140 tries to rise above a low value. This, in 
effect, shorts out T140 and prevents the power control TRIAC from 
being triggered. 

When ON-O is pulled low, the SCR action of Q155 snd Q156 is 
disabled. This allows two things to happen: First, the TRIAC can 
now be triggered. S~cond, the voltage across Pins 7 and 9 can 
rise to its full value. This voltage, after rectification, 
supplies start-up power to the Schmitt Trigger, Base Drive, and 
Pulse-Width Modulator circuits. 

SCHMITT TRIGGER 

The Schmitt Trigger circuit controls power to the Base Drive and 
Pulse-Width Modulator circuits. At power-up, full-wave rectified 
current supplied through CR153 and R153 from, the Logical On/Off 
Switch charges C140. When the charge on C140 reaches about 18 V, 
the Schmitt Trigger (Q140 and Q145) switches state, turning on 
Q150 and Q160j this turns o~~ower to the Base Drive and 
Pulse-Width Modulator circuits, which then begin to drive the 
Switching Transistors. C140 contains enough charge to sustain 
operation until the rectified, filtered voltage in the +12 Vdc 
Supply comes up to a high enough level that it can take over and 
supply power to the Schmitt Trigger throu~h CR153. 

2.7-52 COMPONENT-LEVEL SERVICE 



PULSE WIDTH MODULATOR 

SECTION 2.7 
Mass Storage Unit Theory 

The Pulse-Width Modulator (PWM), U150, is the driving and 
regulating element in the 20 KHz switching portion of the power 
supply. Figure 2.7-16 is a simplified block diagram of U150 and 
its associated components. Within U150, an oscillator 
alternately switches on two output transistors, Qa and Qb, at 
approximately 20 KHz. The ratio of on time to off time (duty 
cycle) of the oscillator's outputs is controlled by an error 
amplifier. Qa and Qb, acting through the Base Drive circuit, 
each control the on time of one of the Switching Transistors. 
(Qa controls Q435 and Qb controls Q430.) 

Through its INV and NINV inputs, the error amplifier compares a 
sample (one-half) of the +5 Vdc Supply's output voltage with a 
reference voltage generated by a stable regulator within U150. 
The reference voltage supplied to the error amplifier may be 
adjusted by R165. Any difference in voltage sensed by the error 
amplifier causes the oscillator's duty cycle to change; this 
changes the output voltage of the +5 Vdc Supply in such a 
direction as to bring it back to its set point. 

The current-limiting circuit samples the voltage across a 50 
milliohm resistor in the +5V return line. When current from the 
+5 Vdc Supply goes beyond approximately 7 A, the output of the 
current limiting amplifier begins to decrease the duty cycle of 
the oscillator. This lowers the output voltage of the +5 Vdc 
Supply and prevents excessive current from being drawn. 

BASE DRIVE AND SWITCHING TRANSISTORS 

The Base Drive circuit drives the Switching Transistors through 
transformer T240. The driver transistors Q240 and Q250 conduct 
alternately. Transistor Q255 switches on as one driver transistor 
is turning on and the other is turning off; this aids the 
switching process by shunting current produced by the collapsing 
field in T240 and preventing the off Switching Transistor from 
prematurely turning on. 

COMPONENT-LEVEL SERVICE 2.7-53 



SECTION 2.7 
Mass Storage Unit Theory 

SUPPLY VOLTAGE 
FROM SCHMITT TRIGGER 

15 

r---------~------------~ 

3 OSC 

RT 

5V 
REGULATOR 

YR 

I 
I 
I 
I,. + 5 V REFERENCE 

I 
I 
I 
I 
I 

OSCILLATOR 
AND 

MODULATOR 

/t-N_IN_Y-i-2 ___ +_2_o5_Y_< 

...--..-c. 
~INY , \ CT 

~--~IIt---~----~ -- -,....--_ .. 
CA I 
EA ( _~D+-----' 

12 

11 

ERROR 
AMPLIFIER 

TO 
BASE 
DRIVE 

.... -"I'II'v--- + 5 Y 
13 leB _ 

I (""'}-'+-___ --' 
14 I EB ...r"i J ____ -:-;. ~...Io............,~ 

I 
I 

CURRENT 
LIMITING 

1 : ~+5. 
I t-._5~15~1~~ ______ ~1 __ 

l_ -__ ------¥ __________ J 

Figure 2.7-16. Pulse Width Modulator. 

+SVRETURN 

2.7-54 COMPONENT-LEVEL SERVICE 



SECTION 2.7 
Mass Storage Unit Theory 

The Switching Transistors alternately switch current through the 
primary of T340. Current flows first in one direction, through 
Q435, from the +160 V output of the Rectifier and DC Filter; then 
it flows in the opposite dir~ction, through Q430, from the -160 V 
output. The resulting alternating current in T340's secondaries 
powers the +5 Vdc and +12 Vdc Supplies. Diodes CR433 and CR430 
prevent reverse voltage damage to Q430 and Q435. A snubber 
circuit, C332 and R434, helps to prevent transients and minimize 
ringing during transistor off time. 

LINE VOLTAGE SELECTOR, RECTIFIER, AND D.C. FILTER 

Line current is rectified by CR139 and filtered by C110 and C210. 
During 220 Vac operation, CR139 acts as a full-wave bridge, 
producing about 160 volts each across C110 and C210. During 
115 Vac operation, switch S310 60nnects one side of the ac line at 
the junction between C110 and C210. This causes CR139, C110, and 
C210 to act as a voltage doubler, again producing 160 V across 
each capacitor. 

Several components (L430, L225, T330, C221, C234) provide 
additional filtering. A neon lamp, DS320, flashes when voltage 
greater than 85 V is present on C110 and C210. One side of the 
fan is connected to the junction of C110 and C210; this provides 
115 Vac to the fan regardless of whether S310 is in the 230 V or 
the 115 V position. Capacitors C221 and C234 act as an ac voltage 
divider; they provide about 160V across each of the Switching 
Transistors. The common point between C221 and C234 is the return 
path for the 20 KHz switched current through T340. 

+5 VDC SUPPLY 

The +5 Vdc Supply voltage is developed from the center-tapped 
secondary winding between Pins 5 and 7 of T340. The output of 
this winding is full-wave rectified then filtered by an LC 
filter. The output of the filter 1s the +5 Vdc Supply. A sample 
of the +5 Vdc output is fed back, through R173 and voltage 
divider R149/148, to the Pulse Width Modulator to stabilize the 
voltage. 
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+12 VDC SUPPLY 

The +12 Vdc Supply voltage is developed from the secondary 
winding between Pins 2 and 4 of T340. After rectification and 
filtering, the output of this winding is regulated by a 
conventional series-pass voltage regulator consisting of U3508 
and Q460. Q360 prevents excessive current from being drawn from 
+12 Vdc Supply by turning on, thereby decreasing drive to Q460, 
when the current exceeds approximately 5 Amps. 
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COMMAND SPECIFICATIONS HARD DISK CONTROLLER 

GENERAL DESCRIPTION 

This section of the manual includes the software command set and 
the specific status infor.mation related to the commands. 

By defining a fixed block structure using a simple, logical 
address scheme, the I/O interface can support device 
independence. In addition, by including the logical block 
address as a component of the command structure, physical 
requirements (such as SEEK) can be embedded within the basic READ 
and WRITE requests. 

This interface, despite its simplicity, is capable of providing 
the high level of performance required in multi-host/multi-task 
environments. Powerful functions, such as search, are included 
to enhance random access applications, and single-command 
multi-block transfers are included to simplify sequential 
operations. 

The controller supports a majority of the proposed ANSI SCSI 
command set. 

NOTE 

It is important to note that the controller 
requires that reserved bit and byte positions 
in commands be zero. Commands which violate 
this standard will be rejected. Therefore, 
as a rule, all reserved and vendor unique 
portions of commands should be zero unless 
their use is specifically stated in this 
document. 

COMMAND AND STATUS STRUCTURE 

COMMAND DESCRIPTION BLOCK (CDB) 

An I/O request to a device is made by passing a Command 
Description Block (COB) to the Controller. The first byte of the 
COB is the command class and operation ~ode. The remaining bytes 
specify the Logical Unit Number (LUN), block starting address, 
control byte, and the number of blocks to transfer. 
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Commands are categorized into two classes supported in the 
controller: 

o Class 00: 6-Byte commands 

o Class 01: 10-Byte commands 

Tables 2.7-6 and 2.7-7 show typical command descriptor block formats. 
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BYTE 

00 

01 

Table 2.7-6 

SECTION 2.7 
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CLASS 00 COMMANDS (6-BYTE COMMANDS) 

BIT 

7 6 5 4 3 2 1 o 

Class Code Op Code 

Logical Unit Number (MSB) Logical Black Address 
----------------------------------------------------------------------

02 Logical Block Address 
----------------------------------------------------------------------

03 Logical Block Address 
~---------------------------------------------------------------------04 Number of Blocks 
----------------------------------------------------------------------

05* Reserved (0) 
----------------------------------------------------------------------
* Control Byte 
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CLASS CODE 

The class code can be 0 to 7, but only 0 and 1 are used at 
this time. 
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CLASS 01 COMMANDS (10-BYTE EXTENDED BLOCK ADDRESS) 

BIT 
------------------------------------------------------------------~---

BYTE 7 6 5 4 3 2 1 o 
00 Class Code Op Code 

01 Logical Unit Number Command Specific Bits 

02 (MSB) Logical Block Address 

03 Logical Block Address 

04 Logical Block Address 

05 Logical Block Address (LSB) 

06 Reserved (0) 

07 Number of Blocks 

08 Number of Blocks 
----------------------------------------------------------------------

09* Reserved (0) 

* Control Byte 
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OPERATION CODE 

The operation code for each class allows 32 commands (00 to 
1F hex). 

LOGICAL UNIT NUMBER 

Logical unit numbers allow 8 devices per Controller. The command 
block accommodates 2 devices per Controller which must be devices 
o and 1. 

COMMAND SPECIFIC BITS 

Byte 01, bits 01 - 04, specify options which depend upon the 
particular command. 

LOGICAL BLOCK ADDRESS 

Class 0 commands contain 21 bit starting block addresses 
while Class 1 supports 32 bit block addressing. 

The "block" concept implies that the Host and Controller 
have "preset" the number of bytes of data to be transferred. 
You will note that the concept of sector is replaced by 
block. 

NUMBER OF BLOCKS 

A variable number of blocks may be transferred under a single 
command. Class 00 commands may transfer up to 255 blocks, 
while Class 01 commands may transfer up to 64K blocks. A 
zero block number count defaults to the maximum 
value. 

CON~ROL BY~E (LAST BY~E IN ALL COMMANDS) 

All bits in the control byte are reserved and must be zero. 
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COMMAND DESCRIPTIONS 

The following section describes the complete command set and 
associated formats for the controller. In most cases, the 
controller has followed the proposed ANSI SCSI command 
specifications to the letter, deviating only in degree of 
implementa tion. 

CLASS 00 COMMAND DESCRIPTIONS 

The following paragraphs describe a series of Class 00 commands 
(see Table 2.7-8). 

Table 2.7-8 

CLASS 00 COMMAND CODE SUMMARY 

I OP CODE I COMMAND I OP CODE I COMMAND 

I 00 I TEST U~IT READY I OF I TRANSLATE 

I 01 I REZERO UNIT I 13 I WRITE BUFFER 

I 03 I REQUEST SENSE I 14 I READ BUFFER 
---------------------------------------------------------------
I 04 I FORMAT UNIT I 15 I MODE SELECT 

I 08 I READ I 1A I MODE SENSE 

I OA I WRITE I 1B I START/STOP UNIT 

I OB I SEEK I 1C I RECEIVE DIAGNOSTIC I 

I 10 I SEND DIAGNOSTIC 
---------------------------------------------------------------

TEST UNIT READY Command (00 hex) 

This command returns zero status if the requested unit is powered 
on and ready. If not ready, a check condition will be set in the 
status byte. Possible errors are Drive Not Ready (04 ) and Write 
Faul t (03H). This is not a request for .self-test. 
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REZERO UNIT "Command (01 hex) 

This command sets the selected drive to track zero and then sends 
completion status. Possible error returns are No Seek Complete 
(02H), Drive Not Ready (04H) and No Track Zero (06H). 

REQUEST SENSE Command (03 hex) 

See later paragraphs on Request Sense (under Completion Status 
Byte) for details of the complete command as well as a complete 
discussion of returned sense data. 

FORMAT UNIT Command (04 hex) 

The control unit will write from index to index all ID and DATA 
fields with a block size as specified by an immediately previous 
MODE SELECT command. If no MODE SELECT command has been 
executed, the previous data block size will be used. 

On unformatted disks or those whose format is determined bad 
(sense byte error code 1CH returned following a READ), a MODE 
SELECT command is required prior to the format command. Data 
fields are completely written with 6C unless otherwise specified 
in the format command. 

The ID fields will be interleaved as specified in bytes 3 and 4 
of the CDB (byte 4, bit 0 LSB). Under normal conditions, the 
controller does not require interleaving because of their high 
speed buffer control. 

An interleave numbe~ of 1 results in sequential ID fields being 
written on the disk. Any interleave number greater than 1 and 
one less than the total sectors per track result in interleaved 
formatting. A zero (0) in this field will cause the default 
interleave factor of 2 to be used. By using an interleave of 2, 
the controller can format 33 256-byte sectors per track rather 
than the normal 32 sectors. 

2.7-64 

NOTE 

Byte 3 must always be zero and also that the 
value in byte 4 must not exceed the number of 
sectors per track minus one. An error code 
of 24 (Bad Argument) will be returned if 
either of these rules are violated. 
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The interleave number is equivalent to the number of disk 
revolutions required to read one track sequentially. An example 
of an interleave number of 3 follows: 

P - 00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 
F - 00 11 22 01 12 23 02 13 24 03 14 25 04 15 26 05 

P - 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 
F - 16 27 06 17 28 07 18 29 08 19 30 09 20 31 10 21 32 

where P = physical sectoring, 
and F = new formatted addresses. 

Bits 0 through 4 of byte 1 in the COB specify the format 
of the bad block list for defect skipping. 

When the Data Bit (04) is set, the controller expects a list of 
known bad areas in the data portion of the command. If this bit 
is zero, the defect list is not read and defect skipping is not 
performed. 

Bit 03 is the Complete List bit and specifies that all of the 
known defects on the drive are contained in the list. The list 
itself must be less than 1024 bytes since it must fit in the 
available buffer space. 

Bit 02 of Byte 01, if set, indicates that the next two bits (Byte 
01, Bits 01 and 00) will be used to define the format. A zero 
indicates default. The next Format List bit (Byte 01, Bit 01) if 
set indicates that the data pattern in Byte 02 is to be used to 
format. A zero indicates default. A zero in bit 00 indicates 
that a Cylinder/Head/Byte Count format is used in the data list. 
Table 2.7-9 defines the use of the Data and List Format bits: 

Table 2.7-9 

DATA AND LIST FORMAT BITS 

I FORMAT I I I 
I DATA I BIT 02 I BIT 00 I DEFINITION 

I 0 
I 
I 

I 1 
I 

I 0 
I 
I 

I 1 
I 
I 

I 0 
I 
I 

I 0 
I 
I 

COMPONENT-LEVEL SERVICE 

I Format with no user-supplied 
I error information. 

I Error information is in Cylinder, I 
I Head, and Displacement format. I 
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NOTE 

All other combinations of these bits will be 
rejected. 

Bit 01 Definition: 

o = Format with default fill byte (6C) 

1 = Use format command byte 02 for fill data. 

The following is the defect list format supported by the 
controller. The list includes the physical coordinates of known 
media flaws in ascending order of cylinder, head, and bytes from 
index. All defects must be listed in ascending order when 
presented to the controller. 

If data errors are noted by the controller while reading the 
defect list, all formatting is stopped and a Bad Argument error 
(24) is returned to the host. 

If, in time, other defects appear on a drive, the contents of the 
entire drive should be backed up and a new format operation 
performed. To identify the physical locations of the troublesome 
blocks, use the TRANSLATE command. The new defect locations must 
then be added and sorted into the complete list. 

Controller's defect skipping technique is at the sector level and 
does not require time-consuming seeks to spare track locations. 
Therefore, the tracks specified by a drive manufacturer as 
"spare" may be utilized for data, increasing the effective 
capacity of the device. 

This command transfers (to the Host) the specified number of 
blocks starting at the specified logical starting block address. 

The control unit will verify a valid seek address and proceed to 
seek to the specified starting logical block address. When the 
seek is complete the controller then reads the starting address 
data field into the buffer, checks ECC and begins DMA data 
transfer. 

Subsequent blocks of data are transferred into the buffer in a 
similar manner until the block count is decremented to zero. 
Cylinder switching is transparent to the user. On a data ECC 
error, the block is re-read up to 5 times to establish a solid 
error syndrome. Only then is correction .attempted. Correction 
is done directly into the data buffer, transparent to the host. 
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WRITE Command (OA hex) 

This command transfers (to the Target Device) the specified 
number of blocks starting at the specified logical starting block 
address. The controller seeks to the specified logical starting 
block. When the seek is complete, the controller transfers the 
first block into its buffer and writes its buffered data and its 
associated ECC into the first logical sector. 

Subsequent blocks of ~ata are transferred as available from the 
FIFO buffer until the block count is decremented to zero. 
Cylinder switching and defect skipping are transparent to the 
user. 

(The controller also supports corresponding extended READ and 
WRITE commands, using the Class 01 CDB format.) 

SEEK Command (OB hex) 

This command causes the selected drive to seek to the specified 
starting address. The controller returns completion status 
immediately after the seek pulses are issued and head motion 
starts, allowing it to free the bus and accept further commands 
prior to actual seek completion. 

NOTE 

Any command received for a unit with a seek 
in progress will immediately complete with a 
command completion status of busy (bit 3 
set). This is done to allow the host to use 
the SCSI bus to do other processing while 
waiting for seek complete. 

The drive is stepped to the addressed track position but no ID 
field verification is attempted. When the seek is complete, the 
controller reconnects to the host end responds with completion 
status. 

All ACB products use an implied seek on READ, WRITE and SEARCH 
commands obviating the need for issuance of SEEK commands with 
each operation. 

TRANSLATE Command (OF hex) 

This command performs a logical address to physical address 
translation and returns the physical location of the requested 
block address in a cylinder, head, byte~ 1rom index format. This 
data can be used to build a defect list for the FORMAT command. 
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Eight bytes 'are returned in the format of defect descriptors 
required by FORMAT. 

if there is a data error in the 10 field, an error status will be 
returned. It is then necessary to TRANSLATE the blocks before 
and after the targeted block to determine the location of the 
target block. The use of interleaved sectors and formatted 
(skipped) defects may complicate the determination of the error 
location. 

WRITE BUFFER Command (13 hex) 

This command serves buffer RAM diagnostic purposes. The 
controller will fill the buffer with 1k bytes of data from the 
host. There is no guarantee that this data will not be 
overwritten by other operations initiated by other INITIATORS. 

READ BUFFER Command (14 hex) 

Read Buffer will pass the host 1K of data from the buffer. It is 
intended for RAM diagnostic purposes. The same caveat applies to 
this as to write buffer. In addition, although data remains in 
the buffer after normal data operations the ordering of the data 
found there is undefined. 

MODE SELECT Command (15 hex) 

This command is used in ACB controllers to specify FORMAT 
parameters and should always precede the FORMAT command. 

When a blown format error (code 1C) is detected due to the 
controller being unable to read the drive information from a 
drive already formatted, the user should use this command to 
inform the controller about the drive information. Then the 
drive should be backed up and reformatted. 

Byte 4 of the command specifies the number of information bytes 
to be passed with the command. A minimum of twelve bytes (OCH) 
must be specified. If drive parameters are being specified the 
count should be 22 bytes (16H). 

The parameter list is four bytes long with the first three bytes 
reserved (zero filled). The fourth byte contains the length in 
bytes of the extent descriptor list; this is always eight. (Only 
a single extent is supported.) 
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Extent Descriptor List. Byte 0 of the extent descriptor 
list specifies the data density of the drive. Current ACB 
products support only MFM and a value of 00 in this byte is 
required. Bytes 1, 2 and 3 are reserved and must be zero, 
specifying that the entire drive is to be formatted. Bytes 5 
through 7 are used to specify the data block size. The block 
size must not be less than 256 or exceed the RAM buffer capacity 
which is 1024 characters. 

This extent descriptor list and the following drive parameter 
list constitute a single large data block which follows the 
command. 

The controller must be set up with a value 256, 512, or 1024 
bytes. 

Any violation of the above constraints will result in Check 
Status with a Error Code of 24H, indicating an invalid argument 
in parameter data. 

Drive Parameter List. The Drive Parameter list includes 
all the data necessary to specify a drive. It is optional; but, 
if present, it must be complete. Also, the items must be within 
the stated limits. If these parameters are not supplied, the 
format operation will use previously supplied values, if 
available, or the default values given below. 

The List format code must be 01. 

The Cylinder Count is the number of data cylinders on the drive. 
Due to the in-line defect skipping formatting cylinders normally 
set aside as spares may be included in this total. The minimum is 
one. The maximum supported is 2048. The default value is 306. 

The Data Head Count 1s the number of usable data surfaces. The 
heads will be selected from 0 to head count minus 1. The minimum 
is 1; maximum is 16. A drive with 9 or more heads will use the 
reduced write current line as the high order head select. The 
default value is 2. 

The Reduced Write Current Cylinder is the cy~inder number beyond 
which the controller will assert the reduced write current line. 
The minimum value is 0; the maximum is 2047. The default value 
is cylinder 150. Note that reduced write current assumes a 
different meaning on drives with more than 8 heads. 

The Write Precompensation Cylinder is the cylinder beyond 
the controller will compensate for inner track bit shift. 
specifications for this function agree wlth those of most 
manufacturers. Minimum value is 0; maximum is 2047. 
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NOTE 

On the controller this field is ignored. The 
Precomp threshold is the same as the reduced 
write current value. Since most drives now 
ignore the reduced write current signal, this 
is not a serious restriction. However, for 
those.drives with more than 8 heads, jumpers 
are provided on the board. This allow the 
precompensation to be selected as always on, 
always off or tied to reduced write current. 
The normal position is tied to reduced write 
current. This jumper applies to both drives. 
(For Maxtor drives, set the jumper to the 
always off position.) 

For drives which do not require reduced write current or write 
precompensation, the user must specify the maximum cylinder 
address in these two parameters to prevent the controller from 
asserting the reduced write current signal. 

The Landing Zone Position is used with the Start/Stop command to 
indicate the direction and number of cylinders from the last (or 
first) data cylinder to the shipping position. A zero means that 
the landing zone is beyond the highest track, and a one indicates 
that the landing zone is outside track zero •. The low seven bits 
gives the number of cylinders. The default is zero (land on 
inner most track.) 

The Step Pulse Output Rate Code specifies the timing of seek 
steps. Three options are currently available: 

00 == Non Buffered Seek -- 3.0 ms rate 
01 == Buffered Seek ------- 28 us rate 
02 == Buffered Seek ------- 12 us rate 

MODE SENSE Command (1A hex) 

ST-506 
ST-412 

This command is used to interrogate the ACB-4000 device parameter 
table to determine the specific characteristics of any disk drive 
currently attached. The attached drive must have been formatted 
by a controller for this to be a legal command. 

Byte 4 of the command specifies the number of data bytes to be 
returned from the command. A minimum of 12 bytes (OC ) must be 
specified. If the drive parameter list.is required, the count 
should be 22 bytes (16H). 
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The returned information will be the four byte Parameter List, 
the Extent & Scriptor List and the Drive Parameter List (if 
requested). These lists take the exact format of those in the 
MODE SELECT command. Please reference that command for exact 
detail. . 

START/STOP UNIT Command (1B hex) 

Byte 04, bit 00 of this command should be set if this is a START 
command, otherwise it is a STOP command. 

This command is designed for use on drives with a designated 
shipping or landing zone. 

A STOP command will position the head to the landing zone 
position. 

RECEIVE DIAGNOSTIC RESULT Command (1C hex) 

This command sends analysis data to Host after completion of a 
SEND DIAGNOSTIC command. Bytes 3 and 4 designate the size of the 
availab~e buffer (in bytes). 

READ DIAGNOSTIC is used to transfer data to the host and must 
immediately follow a SEND DIAGNOSTIC command which initiates the 
dump action. Otherwise, the command will be ejected. 

The data length specified should be 104 or more, although, if a 
smaller buffer is provided, only that much data will be 
transferred and the command will terminate normally. 

The data buffer received as a result of a dump will be formatted 
as follows: 

SEND DIAGNOSTIC Command (1D hex) 

This command sends data to the Controller to specify diagnostic 
tests for Controller and peripheral units. 

Bytes 3 and 4 specify the length of the data to be sent. 

The data length specified in the command must be at least 4 bytes 
long and should be equal to the length of the data block to be 
passed over to the controller. If the length specified is longer 
than needed, the excess is ignored and not read. 
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The first byte of the data block specifies the particular 
function being requested. The options available at this time, 
along with their associated codes are: 

60 --
61H --
62 --
63H --
64 --
65H --

Re-initialize Drive 
Dump Hardware Area (4000-40FF) 

Dump RAM (8000-80FF) 
Patch Hardware Area 

Patch RAM 
Set Read Error Handling Options 

Of these options, only the patch options require a data block 
longer than 4 bytes. 

The second byte specifies a subtest or qualifiers specific to the 
test selected by the first byte. (Because of the potential 
danger in patching controller programs, this byte provides a 
safety mechanism to prevent obsolete patches). 

The third byte specifies the starting address in RAM or the 
Memory-mapped registers to be patched. The high byte of the 
address is implicit in the diagnostic specified. Therefore, a 
Patch RAM operation with a third byte of A1H will overwrite an 
area of RAM starting with 8080A1H. 

The fourth byte gives the number of bytes to be overwritten. 
This can range from 1 to 256, with a zero yielding 256. The data 
block for the Send Diagnostic Command is as follows: 

Byte 02 of the data block specifies the actions to take place 
upon encountering an ECC check if Option 65H is selected. The 
default state is established by a controller reset. These 
options, once set, stay in effect until the next reset. They 
apply only to the LUN addressed by the command. 

The Set Read Error Handling Options are: 

00 -- Selects default operation where a correctable error will 
be corrected without comment and all data transferred without 
check status. If the error is not correctable, the controller 
will11 transfer the uncorrected data and set check status with 
an error code of 991H. The valid address will be that of the 
bad block. 

01 -- Report all corrections and stop. A correctable error 
will be corrected and the data transferred, but the operation 
will stop with a check status and an error of 98H. An 
uncorrectable error will be handled as in 00. 

02 -- Do not correct. All ECC errors'will be treated as 
uncorrectable except that the error code is set to 98H. 
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The following paragraphs describe a series of Class 01 commands 
(see Table 2.7-10). 

Table 2.7-10 

CLASS 01 COMMAND CODE SUMMARY 

I OP CODE I COMMAND I OP CODE I COMMAND 

I 25 I READ CAPACITY I 2E I WRITE AND VERIFY 

I 28 I READ I 2F I VERIFY 

I 2A I WRITE I 31 I SEARCH DATA EQUAL 

READ CAPACITY Command (25 hex) 

If byte 8 of the CDB is 00, this command will return the address 
of the last block on the unit. It is not necessary to specify a 
starting block address in this command mode. If byte 8 is 01 , 
this command will return the address of the block (after the 
specified starting address) at which a substantial delay in data 
transfer will be encountered (e.g., a cylinder boundary). Any 
value other than OOH or 01H in byte 08 will cause Check Status 
with an Error code of 24H for an invalid argument. 

In both cases, the format block size is defined by the last four 
bytes of the 8-byte data field returned as a result: 

4 Bytes - Block Address 

4 Bytes - Block Size 

WRITE AND VERIFY Command (2E hex) 

This command is similar to the traditional "read after write" 
function. It is an extended address command which operates like 
a WRITE command over the specified number of blocks and then 
verifies the data written on a block by block basis. The verify 
function transfers no data to the host. 

Since no data is transferred to the host during verify, 
correctable data checks will be treated in the same Manner as 
uncorrectable data checks. 
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VERIFY Command (2F hex) 

This command is similar to the previous WRITE AND VERIfY except 
that it verifies the ECC of an already existing set of data 
blocks. It is up to the Host to provide data for rewriting and 
correcting if an error is detected. 

SEARCH DATA EQUAL (31 hex) 

This powerful extended address command provides for a search and 
compare on equal of any data on the disk. A starting block 
address and number of blocks to search are specified and a search 
argument is passed from the Host which includes a byte 
displacement and the data to compare. 

The Invert bit (Byte 01, Bit 04) inverts the sense of the search 
comparison operation. With invert on, a SEARCH DATA EQUAL 
command would succeed on data not equal; SEARCH DATA LOW would 
succeed on data greater or equal. The invert bit on the ACB-4000 
allows SEARCH EQUAL inverted which succeeds on the first block 
not equal to the pattern. 

By using this command, small computer systems are given' the 
power of large mainframes by rapidly searching for record key 
fields when implementing indexed access methods. 

When a search is satisfied, it will terminate with a Condition Met 
Status. A Request Sense Command can then be issued to determine 
the block address of the matching record. A Request Sense 
following a successful Search Data command does the following: 

1. Reports a Sense Key of Equal if the search was satisfied by 
an exact match. If the search was satisfied "by an 
inequality, a Sense Key of No Sense is reported. 

2. Sets the Valid bit to one. 

3. Reports the address of the block containing the first 
matching record in the Information Bytes. 

On the other hand, the Request Sense command.following an 
unsuccessful Search Data command does this: 

1. Reports a Sense Key of No Sense, provided no errors 
occurred. 

2. Sets the Valid bit to zero. 
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SEARCH DATA EQUAL Command (31 hex) 

A definition of the required data in the SEARCH argument appears 
in Table 2.7-11. 

Table 2.7-11 

SEARCH ARGUMENT REQUIREMENTS 

: BYTES I PARAMETERS 

00 to 03 I Record Size (Bytes). For the controller, 
I this must equal the block size or zero. 
I Zero will be taken to mean the format 
I block size. 

I 04 to 07 I First Record Offset (Bytes). The 
I I controller requires this to be zero. 

08 to 11 

12 to 13 

14 to 17 

18 to 19 

20 to 
M+19 

Number of Records. The controller 
requires this to be less than or equal to 
the number of blocks specified in the 
command and greater than zero. The 
search will terminate upon a match or 
when the smaller of these values is 
encountered. 

Search Argument length (Bytes). The 
number of bytes in the following search 
argument must equal the pattern length 
+6. 

Search Field Displacement. The 
displacement from the beginning of the 
record to the first byte to be compared. 
Must be zero for the controller. 

Pattern Length (M Bytes). The number of 
bytes in the following data ~pattern to be 
compared with a like size field in each 
record. Pattern length must equal 
block size on the controller. 

Data Pattern. A variable length field of 
M bytes up to blocksize - displacement 
bytes. The pattern must be one block 
long. 

--------------------------------------------------------
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COMPLETION STATUS BYTE 

Status is always sent at the end of a command or set of linked 
commands. Intermediate status is sent at the completion of a 
linked command. Any abnormal condition encountered during 
command execution causes command termination and ending status. 
See Table 2.7-12. 

I BITS 0, 
I 5, 6, 
I and 7 

I Bi t 1 
I 
I 

Table 2.7-12 

COMPLETION STATUS BYTE 

Must 'be zero. 

I Check condition. Sense is available. 
I See REQUEST SENSE below. 

--------------------------------------------------------
I Bit 2 I Equal. Set when any SEARCH is satisfied. I 
----------------------------------~------------------- --Bit 3 Busy. Device is busy or reserved. Busy 

status will be sent whenever a Target is 
unable to accept a command from a Host. 
This condition occurs when an Host that 
does not allow reconnection requests an 
operation from a reserved or busy device. 

------------------------------------~-------------------

REQUEST SENSE Command (03 hex) 

This command returns unit sense. 

The sense data will be valid for the CHECK status condition sent 
to the Host and will be saved by the controller until requested. 
Sense data will be cleared on receiving a subsequent command from 
the Host that received the check condition. Other hosts will 
receive BUSY status to commands for a LUN with non-zero sense to 
report. Therefore, CHECK status should always be followed by a 
SENSE Command. 

The number-of-blocks field (byte 04) specifies the number of 
bytes allocated by the host for returned SENSE. Values of 0 to 3 
bytes will default to 4 bytes. CHECK S~ATUS will not be sent in 
response to this command. 
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Sense Bytes 

NOTE 

The address valid bit (byte 00, bit 07) 
indicates that the Logical Block address 
bytes contain valid information. 

The error codes for Class 00, Class 01, and Class 02 commands 
appear in Tables 2.7-13, 2.7-14, and 2.7-15. These include drive 
errors, target errors, and system-related errors. 

Table 2.7-13 

CLASS 00 ERROR CODES IN SENSE BYTE (DRIVE ERRORS) 

I CODE I ERROR 

I 00 I No sense 

I 01 I No index signal 

I 02 I No seek complete 

I 03 I Write fault 

I 04 I Drive not ready 

I 06 I No track 00 
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Table 2.7-14 

CLASS 01 ERROR CODES IN SENSE BYTE (TARGET ERRORS) 

-------------------------------------------------
CODE ERROR 

-------------------------------------------------
10 1.0. CRC error 

-------------------------------------------------
11 Uncorrectable data error 

12 1.0. address mark not pound 
-------------------------------------------------

13 Data address mark not found 
-------------------------------------------------

14 Record not found 

15 Seek error 

16-17 Not assigned 

18 Data check in no retry mode 

19 ECC error during verify 
----------~--------------------------------------1A Interleave error 
-------------------------------------------------

1B Not assigned 
-----.-------------------------------------------

1C Unformatted or bad format on drive 

10 Self test failed 
-------------------------------------------------

1E Defective track (media errors) 

1F Not assigned 
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CLASS 02 ERROR CODES (SYSTEM-RELATED ERRORS) 

I CODE I ERROR 

I 20 I Invalid command 

I 21 I Illegal block address 

I 22 I Not assigned 

I 23 I Volume overflow 

I 24 I Bad argument 

I 25 I Invalid logical unit number 

I 26 - 2F I Not assigned 
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Section 2.8 

LOCAL AREA NETWORK BOARD 
Product Description 
The 4400 Local Area Network Board (LAN) allows the 4405 to communicate with a host 
computer through a local area network. It is compatible with networks that have either Ethernet 
or IEEE 802.3 protocols. 

The LAN board consists of a circuit board that is connected to 175 of the I/O board. A 
transceiver and cable are required to physically connect the I/O board to the network. Refer to 
the block diagram shown in Figure 2.8-1. 
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Figure 2.8-1. 4406 Local Area Network Block Diagram. 
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The network IIF is implemented with the AMD 7990 and 7992B chip set (or equivalent). 

The 7990 Local Area Network Controller provides: 
Buffer management Address Detection 
On board D;MA Line Access Protocol 
Limit Error Detection Collision Handling 

The 7992B Serial Interface Adapter provides: 

Manchester encoding/decoding 

Differential to TTL signal conversion 

Transceiver cable interface 

The board has circuitry to automaticlly configure for either Ethernet or IEEE 802.3 coupling. 
There are 64 nibbles of non-volatile RAM to store the Network Address. Three PALs are used on 
the board for address decoding. bus timing. and DMA control. 

Controls, Indicators, and Connectors 
The LAN interface cable connects to ]986 on the Rear of the 4406. 

Typical Configurations 
The LAN circuit board is connected to 175 of the I/O board in the display unit. A transceiver is 
connected to the Ethernet line. and the transceiver cable is connected between the transceiver and 
the Ethernet connector on the rear of the display unit. 

The customer must supply must provide a transceiver and cable or order the 6OKNOl Network 
Adapter kit to install the network. Installation is described in The 4405 FlO LAN Interface 
Installation Instruction manual. 

Function 
The 4400 LAN COMMUNICA nON I/F allows a 4400 Anificial Intelligence system to 
communicate with a host computer through a local area network. The protocol of the local area 
network can be either Ethernet or IEEE 802.3. 

Block Description of Circuit Boards and Modules 
AMD 7990 Network ControJIer 
AMD 7992B Encoder/Decoder 

It is necessary to install the jumper as indicated in the block diagram in order to do a non-volatile 
RAM store cycle. 

There are 64 nibbles of non-volatile RAM to store the Network Address. Three PALs are used on 
the board for address decoding. bus timing. and DMA control. 
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F20000 Base Address 

Address decoding: 
OxF20000-OxF20002 
OxF21 OOO-0xF21 07F 
OxF22000 
OxF23000 

NOTE 

Network Controller 
Volatile RAM 
"Get" Non-Volatile RAM 
"Put" Non-Volatile RAM 

A removable strap must be installed to write enable the non
volatile RAM. This strap is used only for setting the unit address 
and it must be removed before power down. 
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Pin # 
Al 
A2 
A3 
A4 
A5 
A6 
A1 
A8 
A9 
AIO 
All 
Al2 
A13 
A14 
Al5 
A16 
AI1 
Al8 
A19 
A20 
A21 
A22 
A23 
A24 
A25 
A26 
A21 
A28 
A29 
A30 
A31 
A32 

2.8-4 

Table 2.8-1 
P75 Pin Definitions 

Pin name Pin definition 
vee +5 volt supply 
VCC +5 volt supply 
VCC +5 volt supply 
VCC +5 volt supply 
VCC +5 volt supply 
Gnd Signal Ground to J5-1 
Collision+ LAN collision detect 
Transmit+ LAN transmit signal 
NC DO connection 
Receive+ LAN receive signal 
Gnd Ground to J5-6 
NC DO connection 
NC DO connection 
NC DO connection 
NC DO connection 
+12v +12 volt supply 
AD.01 address bus bit 1 
Ack data transfer acknowledge 
AD.06 address bus bit 6 
1I0SeJ' 110 board select (not used) 
AD.05 address bus bit 5 
NC no connection 
AD.04 address bus bit 4 
NC DO connection 
AD.03 address bus bit 3 
ExpSeJ' 110 expansion board select (not used) 
AD.02 address bus bit 2 
SpareO' spare signal line (not used) 
AD.OI address bus bit 1 
BErr' bus error (not used) 
BGrant' bus grant 
Reset' system reset 



Pin # 
HI 
B2 
B3 
B4 
BS 
B6 
B7 
B8 
B9 
BI0 
Bll 
B12 
B13 
B14 
BIS 
B16 
B17 
B18 
B19 
B20 
B21 
B22 
B23 
B24 
B25 
B26 
B27 
B28 
B29 
B30 
B31 
B32 
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Table 2.8-1 (cont.) 
P75 Pin Definitions 

Pin name Pin definition 
Collislon- LAN collISion detect 
Transmit- LAN transmit signal 
NC no connection 
Receive- LAN receive signal 
+12v +12 volt supply to Ethernet transceiver 
NC no connection 
NC no connection 
AD.16 address bus bit 16 
AD.lS address bus bit 15 
AD.l4 address bus bit 14 
AD.13 address bus bit 13 
AD.12 address bus bit 12 
AD.! 1 address bus bit 11 
AD.lO address bus bit 10 
AD.09 addbus bit 9 
AD.08 address bus bit 8 
D.07 data bus bit 7 
D.06 data bus bit 6 
D.OS data bus bit 5 
D.04 data bus bit 4 
D.03 data bus bit 3 
D.02 data bus bit 2 
D.Ol data bus bit 1 
D.oo data bus bit 0 
BusCycle' valid address on bus 
UDs' upper data strobe 
LOs' lower data strobe 
ExtDtAck' external data transfer acknowledge 
Wr' write strobe 
Rd' read strobe 
BReq' bus request 
BGAck' bus grant acknowledge 
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Pin # 
C1 
C2 
C3 
C4 
C5 
C6 
C7 
C8 
C9 
CIO 
Cll 
Cl2 
Cl3 
C14 
C15 
CI6 
CI7 
CIS 
C19 
C20 
C21 
C22 
C23 
C24 
C25 
C26 
C27 
C28 
C29 
C30 
C31 
02 
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Table 2.8-1 (cont.) 
P75 Pin Definitions 

Pin name Pin definition 
D.1.5 data bus blt 1;) 
NC DO connection 
0.14 data bus bit 14 
Sparelnt' spare iDterrupt request (not used) 
0.13 data bus bit 13 
NC no connectiOD 
0.12 data bus bit 12 
DMAInt' DMA iDterrupt request 
0.11 data bus bit 11 
NC no connectiOD 
0.10 data bus bit 10 
EExt' E clock external (not used) 
0.09 data bus bit 9 
ClkOExt system clock 0. external 
0.08 data bus bit 8 
ClkIExt system clock 1. external 
-I2v - 12 volt supply (not used) 
NC no connectiOD 
Halt' system halt (not used) 
AD.23 address bus bit 23 
AD.22 address bus bit 22 
AD.21 address bus bit 21 
AD.20 address bus bit 20 
AD.19 address bus bit 19 
AD.IS address bus bit 18 
AD.l7 address bus bit 17 
GND power supply ground 
GND power supply ground 
GND power supply ground 
GND power supply ground 
GND power supply ground 
GND power supply ground 
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Table 2.8-2 
J5 Pin Definitions 

2 CollisioD+ 
3 Trlllsmit+ 

5 Receive+ 
6 Gnd 
7 
8 
9 Collision-
10 Trlllsmit-
11 
12 Receive-
13 +12v 
14 
15 

LOCAL AREA NETWORK BOARD 

2.8·7 





Section 3 

CHECKS AND ADJUSTMENTS 

GENERAL 

The checks and adjustments for the 4404 are covered in Section 5 
of the 4404 Field Service Manual. The procedures described 
include troubleshooting and corrective maintenance for the Video 
Display Module, Mass Storage Unit, Power Supply Module, Mouse and 
Keyboard. 
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Section 4 
REPLACEABLE 

ELECTRICAL PARTS 
PARTS ORDERING INFORMATION 

Replacement parts are available from or through your local 
Tektronix, Inc. Field Office or representative. 

Changes to Tektronix instruments are sometimes made to 
accommodate improved components as they become available, 
and to give you the benefit of the latest circuit improvements 
developed in our engineering department. It is therefore impor
tant, when ordering parts, to include the following information in 
your order: Part number, instrument type or number, serial 
number, and modification number if applicable. 

If a part you have ordered has been replaced with a new or 
improved part, your local Tektronix, Inc. Field Officeor represen
tative will contact you concerning any change in part number. 

Change information, if any, is located at the rear of this 
manual. 

LIST OF ASSEMBLIES 

A list of assemblies can be found at the beginning of the 
Electrical Parts List. The assemblies are listed in numerical order. 
When the complete component number of a part is known, this list 
will identify the assembly in which the part is located. 

CROSS INDEX-MFR. CODE NUMBER TO 
MANUFACTURER 

The Mfr. Code Number to Manufacturer index for the 
Electrical Parts List is located immediately after this page. The 
Cross Index provides codes, names and addresses of manufac
turers of components listed in the Electrical Parts List. 

ABBREVIATIONS 

Abbreviations conform to American National Standard Y1.1. 

COMPONENT NUMBER (column one of the 
Electrical Parts List) 

A numbering method has been used to identify assemblies, 
subassemblies and parts. Examples of this numbering method 
and typical expansions are illustrated by the following: 

Example a. component number 
~ 

A23R1234 A23 R1234 

Assembly number ~ ~ Circuit number 

Read: Resistor 1234 of Assembly 23 

Example b. component number ~ .... ___ A. ___ .... , 

A23A2R1234 A23 A2 R1234 

Assembly ~ Subassembly 
number number 

Circuit 
number 

Read: Resistor 1234 of Subassembly 2 of Assembly 23 

4404 COMPONENT-LEVEL SERVICE 

Only the circuit number will appear on the diagrams and 
circuit board illustrations. Each diagram and circuit board 
illustration is clearly marked with the assembly number. 
Assembly numbers are also marked on the mechanical exploded 
views located in the Mechanical Parts List. The component 
number is obtained by adding the assembly number prefix to the 
circuit number. 

The Electrical Parts List is divided and arranged by 
assemblies in numerical sequence (e.g., assembly A1 with its 
subassemblies and parts, precedes assembly A2 with its sub
assemblies and parts). 

Chassis-mounted parts have no assembly number prefix 
and are located at the end of the Electrical Parts List. 

TEKTRONIX PART NO. (column two of the 
Electrical Parts List) 

Indicates part number to be used when ordering replace

ment part from Tektronix. 

SERIAL/MODEL NO. (columns three and four 
of the Electrical Parts List) 

Column three (3) indicates the serial number at which the 
part was first used. Column four (4) indicates the serial number at 
which the part was removed. No serial number entered indicates 
part is good for all serial numbers. 

NAME & DESCRIPTION (column five of the 
Electrical Parts List) 

In the Parts List, an Item Name is separated from the 
description by a colon (:). Because of space limitations, an Item 
Name may sometimes appear as incomplete. For further Item 
Name identification, the U.S. Federal Cataloging Handbook H6-1 
can be utilized where possible 

MFR. CODE (column six of the Electrical Parts 
List) 

Indicates the; ode number of the actual manufacturer of the 
part. (Code to name and address cross reference can be found 
immediately after this page.) 

MFR. PART NUMBER (column seven of the 
Electrical Parts List) 

Indicates actual manufacturers part number. 
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REPLACEABLE ELECTRICAL PARTS 

CROSS INDEX - MFR. CODE NUMBER TO MANUFACTURER 
Mfr. 
Code 

00213 

00779 
00815 

01121 
01295 

01537 

02113 
02660 
02735 

03508 

03888 
04099 

04222 

04713 

05347 
05397 

05828 

07263 

07716 

09052 

09353 
12697 
13511 
14193 
14552 
14752 
18324 
19396 

19701 

22526 

22753 

25088 
27014 
27264 

31433 

31918 
32997 

34333 
34335 
34576 

34649 
51181 
51642 
53848 

4-2 

Manufacturer 

NYTRONICS COMPONENTS GROUP INC 
SUBSIDIARY OF NYTRONICS INC 
AMP INC 
MIDLAND-ROSS CORP 
NORTHERN ENGINEERING lABS DIV 
ALLEN-BRADLEY CO 
TEXAS INSTRUMENTS INC 
SEMICONDUCTOR GROUP 
MOTOROLA COMMUNICATIONS AND 
ELECTRONICS INC 
COILCRIIFT INC 
BUNKER RAMO CORP 
RCII CORP 
SOLID STIITE DIVISION 
GENERIIL ELECTRIC CO 
SEMI-CONOUCTOR PRODUCTS DEPT 
KDI PYROFILM CORP 
CIIPCO INC 

IIVX CERAMICS OIV OF IIVX CORP 

MOTOROlA INC 
SEMICONDUCTOR GROUP 
ULTRONIX INC 
UNION CIIRBIDE CORP MIITERIIILS SYSTEMS 
DIV 
GENERIIL INSTRUMENT CORP 
GOVERNMENT SYSTEMS DIV 
FAIRCHILD CIIMERII IINO INSTRUMENT CORP 
SEMICONDUCTOR DIV 
TRM INC 
TRM ELECTRONICS COMPONENTS 
TRM IRC FIXED RESISTORS/BURLINGTON 
SIIFT AMERICA INC 

C AND K COMPONENTS INC 
ClAROSTIIT MFG CO INC 
AMPHENOl CADRE DIV BUNKER RIIMO CORP 
CIIL-R INC 
MICRO/SEMICONDUCTOR CORP 
ELECTRO CUBE INC 
SIGNETICS CORP 
ILLINOIS TOOL I'!ORKS INC 
PAKTRON DIVISION 
MEPCO/ELECTRII INC 
II NORTH IIMERICAN PHILIPS CO 
OU PONT E I DE NEMOURS liND CO INC 
DU PONT CONNECTOR SYSTEMS 
UID SI'!ITCHES INC 
DIV OF ILLINOIS TOOL I'!DRKS INC 
SIEMENS CORP 
NIITIONAL SEMICONDUCTOR CORP 
MOLEX INC 
CORPORATE HQ 
UNION CARBIDE CORP 
ELECTRONICS OIV 
ITT SCHAOOI'! INC 
BOURNS INC 
TRIMPOT OIV 
SILICON GENERlIl INC 
ADVIINCED MICRO DEVICES 
ROCKKELL INTERNIITIONlIl CORP 
SEMICONDUCTOR PRODUCTS OIV 
INTEL CORP 
KEYTRONICS INC 
CENTRE ENGINEERING INC 
SMC MICROSYSTEMS CORP 

Address 

ORIINGE ST 

POBOX 3608 
357 BELOIT 

1201 SOUTH 2ND ST 
13500 N CENTRAL EXPRESS"IIY 
POBOX 225012 M/S 49 
2553 N EDGINGTON ST 

1102 SILVER lAKE RD 
2801 S 25TH liVE 
ROUTE 202 

" GENESEE ST 

60 S JEFFERSON RD 
FORESIGHT INDUSTRIIIL PIIRK 
POBOX 2164 
19TH liVE SOUTH 
POBOX 867 
5005 E MCOO"ELl RD 

461 N 22ND ST 
11901 MIIDISON liVE 

600 " JOHN ST 

464 ELLIS ST 

2850 MT PlEIISIINT liVE 

AZALEII INOUSTRIAL PK 
711 INDUSTRIIIL 8LVD 
15 RIVEROIILE liVE 
LO"ER "IISHINGTON ST 

1601 OLYMPIC BLVD 
2830 S FAIRVIEM ST 
1710 S DEL MIIR liVE 
811 E ARQUES 
900 FOLLIN lANE S E 

P 0 80X 760 

30 HUNTER lANE 

6615 " IRVING PIIRK RD 

186 "DOD AVE S 
2900 SEMICONDUCTOR DR 
2222 "ELLINGTON COURT 

P 0 80X 5928 

8081 "IILlACE RD 
1200 COLUMBIII liVE 

11651 MONIIRCH ST 
901 THOMPSON PL 
4311 JAMBOREE RD 
PO BOX C M/S 501-300 
3065 BO"ERS liVE 
707 NORTH ST 
2820 E COLLEGE liVE 
35 MARCUS BLVD 

City, State, Zip Code 

DIIRLINGTON SC 29532 

HIIRRISBURG PII 17105 
BURLINGTON "I 53105 

MILHIIUKEE I'll 53204 
DALLAS TX 75265 

FRIINKLIN PIIRK IL 60131 

CIIRY I L 60013 
BROIIDVIEM IL 60153 
SOMERVILLE NJ 08876 

AUBURN NY 13021 

"HIPPANY NJ 07981 
GRANO JUNCTION CO 81501 

MYRTLE 8E11CH SC 29577 

PHOENIX liZ 85008 

GRANO JUNCTION CO 81501 
CLEVElAND OH 44101 

HICKSVILLE NY 11802 

MOUNTIIIN VIEM CII 94042 

BURLINGTON III 52601 

VIlLOOSTII Gil 31601 

NEKTON MA 02158 
DOVER NH 03820 
LOS GATOS CA 
SIINTII MCNICII CII 90404 
SIINTII IlNA CA 92704 
SAN GABRIEL CII 91776 
SUNNYVIILE CII 94086 
VIENNA VII 22180 

MINERAL "ELLS TX 76067 

CAMP HILL PA 17011 

CHICIIGO IL 60634 

ISELIN NJ 08830 
SANTA ClARA CA 95051 
LISLE IL 60532 

GREENVILLE SC 29606 

EDEN PRIIIRIE MN 55343 
RIVERSIDE CII 92507 

GIIRDEN GROVE CII 92641 
SUNNYVIILE CII 94086 
NEMPORT 8E11CH CA 92658-8902 

SIINTA CLARA CA 95051 
ENDICOn NY 13760 
STATE COLLEGE PII 16801 
HAUPPAUGE NY 11787 
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REPLACEABLE ELECTRICAL PARTS 

CROSS INDEX - MFR. CODE NUMBER TO MANUFACTURER 
Mfr. 
Code 

54407 
54473 
55680 
56289 
57668 
58361 

59660 
60395 
71400 

71468 

75042 

75915 
80009 

81312 

81483 

82389 

91637 
96733 
TK0213 
TK051 0 

TK0515 

TK1015 

TK1016 

TK1136 
TK1483 

Manufacturer 

POWER-ONE INC 
M~TSUSHIT~ ELECTRIC CORP OF ~MERIC~ 
NICHICON I~ERIC~I CORP 
SPRAGUE ELECTRIC CO 
ROHM CORP 
GENER~L INSTRUMENT CORP 
OPTOELECTRONICS OIV 
TUSONIX INC 
XICOR INC 
BUSSM~NN MFG CO 
MCGR~K EDISION CO 
ITT C~N ELECTRIC 

TRK INC 
TRK ELECTRONIC COMPONENTS 
IRC FIXED RESISTORS PHI~OELPHI~ OIV 
LITTELFUSE INC 
TEKTRONIX INC 

KINCHESTER ELECTRONICS OIVISION 
LITTON SYSTEMS INC 
INTERN~TION~L RECTIFIER 

SKITCHCR~FT INC 
SUB OF R~YTHEON CO 
O~LE ELECTRONICS INC 
S~N FERN~OO ELECTRIC MFG CO 
TOPTRON CORP 
P~N~SONIC COMP~NY 
OIV OF ~TSUSHIT~ ELECTRIC CORP 
RIF~ WORLD PROOUCTS INC 

MUS~SHI WORKS OF HIT~CHI LTD 

TOSHI8~ ~ERIC~ INC 
ELECTRONIC COMPONENTS OIV 
BUSINESS SECTOR 
ETRI INC 
TEK~ PROOUCTS INC 

4404 COMPONENT -LEVEL SERVICE 

Address 

740 C~LLE P~NO OR 
ONE P~N~SONIC K~Y 
927 E ST~TE PKY 
87 M~RSH~LL ST 
16931 MILLIKEN ~VE 
3400 HILLVIEW ~VE 

2155 N FORBES 8LVO 
851 BUCKEYE COURT 
114 OLD ST~TE RO 
PO BOX 14460 
10550 T~lBERT 
PO BOX 8040 
401 N BRO~O ST 

800 E NORTHWEST HKY 
4900 5 " GRIFFITH OR 
POBOX 500 
M~IN STREET ~NO HILLSIOE ~VENUE 

9220 SUNSET BLVO 
POBOX 2321 TERMIN~L ~NNEX 
5555 N ELSTRON ~VE 

POBOX 609 
1501 FIRST ST 
TOKYO 
ONE P~N~SONIC K~Y 

19678 8TH STREET ~ST 
P 0 80X 517 
1450 JOSUIHON-CHO 
KOO~IR~-SHI 
2692 00" ~VE 

8002 5 M~OISON 
45 S~LEM ST 

City. State. Zip Code 

C~M~RILLO C~ 93010 
SEC~UCUS NJ 07094 
SCH~UMBURG IL 60195 
NORTH ~O~MS M~ 01247 
IRVINE C~ 92713 
P~LO ~LTO C~ 94304 

TUCSON, ~RIlON~ 85705 
MILPIT~S C~ 95035 
ST LOUIS MO 63178 

FOUNT~IN V~LLEY C~ 92728-8040 

PHI~OELPHI~ P~ 19108 

OES P~INES IL 60016 
B~VERTON OR 97077 

O~KVILLE CT 06779 

LOS ~NGELES C~ 90069 

CHIC~GO IL 60630 

COLUMBUS NE 68601 
S~N FERN~NOO C~ 91341 
J~P~N 
SEC~UCUS NJ 07094 

SONOM~ C~ 95476 

TOKYO J~P~ 

TUSTIN C~ 92680 

BURR RIDGE IL 60521 
PROVIOENCE RI 02907 
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REPLACEABLE ELECTRICAL PARTS 

Tektronix Serial I Assembly No. Mfr. 
Com~nent No. Part No. Effective Dscont Name & Descri~tion Code Mfr. Part No. 

A1 670-8770-00 8010100 8020411 CIRCUIT BO ASSY:CPU 80009 670-8776-00 
A1 670-8770-01 8020412 CIRCUIT BD ASSY:CPU 80009 670-8770-01 
A2 670-8771-00 B010100 B010136 CIRCUIT BD ASSY:I/O 80009 670-8771-00 
A2 670-8771-01 8010137 B02D617 CIRCUIT 80 ASSY:I/O 80009 670-8771-61 
A2 670-8771-02 8020618 CIRCUIT BD ASSY:I/O 80009 670-8771-02 
A3 067-1227-00 FIXTURE,CAL:DEBUG PORT 80009 067-1227-00 
A3 067-1229-00 FIXTURE,CAL:MEMORY EXPANSION DEBUG PORT 80009 067-1229-00 
A3 670-8773-00 CIRCUIT 80 ASSY:MEM EXP 80009 670-8773-00 

(OPTION 01) 

A4 119-1942-00 B010100 B010180 POltER SUPPLY: 80009 119-1942-00 
A4 119-2012-00 B010181 POltER SUPPLY:5.1V,+1-12V 80009 119-2012-00 
A5 119-1872-00 KEYBOARD ASSY: 80009 119-1Sn-OO 
A5A1 118-4022-00 KEYBOARD ASSY:lt/O ENCLOSURE 80009 118-4022-00 
A6 670-8174-03 8010100 B010249 CIRCUIT BD ASSY:FLEX DISK CONT 80009 670-8174-03 
A6 670-8174-04 8010250 B030415 CIRCUIT BD ASSY:FLEX OISK CONT 80009 670-8174-04 
A6 670-8174-05 B030416 CIRCUIT 80 ASSY:FLEX DISK CONT 80009 670-8174-05 

A7 620-0325-02 B010100 B010131 POltER SUPPLY: 80009 620-0325-02 
A7 620-0325-03 B010132 B030415 POltER SUPPLY: 80009 620-0325-03 
A7 620-0325-04 B030416 POItER SUPPLY: 80009 620-0325-04 
A7A1 ----- ----- CIRCUIT BO ASSY:POItER SUPPLY 

(NOT REPLACEABLE,SEE A7 REPL) 
A8 119-1871-00 MONITOR:MONOCHROME OISPLAY TK0510 TBA 
A8A1 118-4267-00 MONITOR ASSY: BOO09 118-4267-00 

A9 670-8772-01 CIRCUIT BO ASSY:COMM OPT 80009 670-87n-01 
(OPTION 10) 

A10 670-9296-00 CIRCUIT BD ASSY:3 MB RAM 80009 670-9296-00 
(OPTION 03) 
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REPLACEABLE ELECTRICAL PARTS 

Tektronix Serial! Assembly No. Mfr. 
Com~onent No. Part No. Effective Dscont Name & Descril2tion Code Mfr. Part No. 

A1 670-8770-00 8010100 8020411 CIRCUIT 80 ASSY:CPU 80009 670-B770-00 
A1 670-8770-01 8020412 CIRCUIT 80 ASSY:CPU 80009 670-8770-01 
A1C58 281-0913-00 CAP,FXO,CER 01:0.1UF,50V,AXIAL 04222 MA105E104ZIlA 
1l1C63 281-0913-00 CIlP,FXO,CER 01:0.1UF,50V,AXIAL 04222 MIl105E104ZAA 
A1C67 281-0913-00 CAP,FXO,CER 01:0.1UF,50V,AXIRL 04222 MR105E104ZAA 
A1C71 281-0913-00 CAP,FXO,CER 01:0.1UF,50V,RXIAL 04222 MA105E104ZRA 

R1C79 281-0913-00 CAP,FXO,CER 01:0.1UF,50V,RXIRL 04222 MR105E104ZRR 
R1C83 281-0913-00 CRP,FXO,CER 01:0.1UF,50V,AXIRL 04222 14R105E104ZRA 
A1C87 281-0913-00 CRP,FXO,CER 01:0.1UF,50V,RXIRL 04222 MR105E104ZRA 
A1C115 281-0913-00 CAP,FXO,CER 01:0.1UF,50V,RXIRL 04222 MA105E104ZAR 
A1C119 281-0913-00 CRP,FXO,CER 01:0.1UF,50V,RXIRL 04222 MA105E104ZAA 
A1C123 281-0913-00 CAP,FXO,CER 01:0.1UF,50V,RXIRL 04222 MR105E104ZRA 

A1C127 281-0913-00 CIlP,FXO,CER 01:0.1UF,50V,RXIIlL 04222 MR105E104ZIlA 
A1C131 281-0913-00 CRP,FXO,CER 01:0.1UF,50V,RXIRL 04222 MIl105E104ZIlR 
R1C135 281-0913-00 CIlP,FXO,CER 01:0.1UF,SOV,RXIAL 04222 MIl105E104ZIlll 
R1C139 281-0913-00 CAP,FXO,CER 01:0.1UF,50V,RXIRL 04222 MA105E104ZRIl 
A1C143 281-0913-00 CAP,FXO,CER 01:0.1UF,50V,AXIRL 04222 MA105E104ZRIl 
A1C189 290-0966-00 CRP,FXO, ELCTLT:220UF ,+50-101 ,25V 55680 TLB1E221TCRIlNIl 

A1C219 281-0913-00 CAP,FXO,CER 01:0.1UF,50V,IlXIRL 04222 MR105E104ZAR 
1l1C223 281-0913-00 CIlP ,FXO,CER 01 :0 .• 1UF ,50V ,RXIIlL 04222 MR105E104ZIlR 
A1C254 281-0913-00 CRP,FXO,CER Dl:0.1UF,50V,IlXIIlL 04222 MIl105E104ZIlR 
A1C255 281-0913-00 CIlP,FXO,CER 01:0.1UF,50V,IlXIAL 04222 MR105E104ZIlR 
R1C355 281-0913-00 CRP,FXO,CER 01:0.1UF,50V,IlXIRL 04222 MIl1 05E 1 04 ZIlIl 
A1C360 281-0913-00 CAP,FXO,CER 01:0.1UF,50V,IlXIIlL 04222 MR105E104ZIlR 

A1C367 281-0913-00 CIlP,FXO,CER 01:0.1UF,SOV,RXIAL 04222 MIl105E104ZAR 
R1C371 281-0913-00 CAP,FXO,CER 01:0.1UF,SOV,IlXIAL 04222 MR105E104ZIlA 
R1C375 281-0913-00 CIlP,FXO,CER 01:0.1UF,50V,IlXIAL 04222 MIl105E104ZIlR 
R1C379 281-0913-00 CAP,FXO,CER OI:0.1UF,50V,IlXIRL 04222 MIl105E104ZAR 
A1C383 281-0913-00 CAP,FXO,CER 01:0.1UF,SOV,IlXIAL 04222 MA105E104ZAR 
A1C415 281-0913-00 CAP,FXO,CER 01:0.1UF,50V,IlXIRL 04222 MA105E104ZIlll 

A1C419 281-0913-00 CAP,FXO,CER Dl:0.1UF,50V,AXlAL 04222 MR105E104ZIlA 
A1C423 281-0913-00 CAP,FXD,CER 01:0.1UF,50V,IlXIIlL 04222 MIl105E104ZIlll 
A1C427 281-0913-00 CAP,FXO,CER 01:0.1UF,50V,AXIIlL 04222 MR105E104ZAR 
A1C431 281-0913-00 CAP,FXO,CER 01:0.1UF,50V,AXIIlL 04222 MA105E104ZIlll 
A1C439 281-0913-00 CRP,FXO,CER Ol:0.1UF,50V,IlXIAL 04222 MIl105E104ZIlA 
A1C448 281-0913-00 CAP,FXD,CER 01:0.1UF,50V,IlXIAL 04222 MA105E104ZAA 

A1C451 290-0134-00 CAP,FXO,ELCTLT:22UF,201,15V 05397 T110B226M015RS 
A1C456 281-0913-00 CAP,FXO,CER 01:0.1UF,SOV,AXIAL 04222 MR105E104ZIlR 
A1C491 281-0913-00 CAP,FXO,CER OI:0.1UF,50V,AXIAL 04222 14A105E104ZRR 
R1C493 290-0106-00 CRP,FXO,ELCTLT:10UF,+75-1Dl,15V 56289 300106G015BR9 
A1C515 281-0913-00 CAP,FXO,CER 01:0.1UF,50V,AXIAL 04222 MA105E104ZAR 
A1C519 281-0913-00 CRP,FXO,CER 01:0.1UF,50V,AXIAL 04222 MR105E104ZIlR 

A1C523 281-0913-00 CAP,FXO,CER 01:0.1UF,SOV,AXIAL 04222 MR105E104ZRR 
A1C527 281-0913-00 CAP,FXO,CER OI:0.1UF,SOV,AXIAL 04222 MR105E104ZAR 
A1C531 281-0913-00 CAP,FXO,CER OI:0.1UF,SOV,AXIRL 04222 MR105E104ZAA 
A1C543 281-0913-00 CAP,FXO,CER OI:0.1UF,SOV,AXIAL 04222 MR105E104ZAR 
A1C550 281-0913-00 CAP,FXO,CER OI:0.1UF,50V,AXIAL 04222 MA105E104ZAA 
R1C561 281-0913-00 CAP,FXO,CER 01:0.1UF,SOV,AXIAL 04222 MR105E104ZAR 

A1C562 281-0913-00 CAP,FXO,CER OI:0.1UF,50V,AXIAL 04222 MA105E104ZAA 
A1C650 lB1-0913-00 CAP,FXO,CER 01:0.1UF,50V,RXIAL 04222 MR105E104ZIlR 
R1C656 281-0913-00 CAP,FXO,CER Ol:0.1UF,50V,AXIAL 04222 MA105E104ZAR 
A1C667 283-0423-00 CAP,FXO,CER Ol:0.22UF,+80-2Dl,50V 04222 M0015E224ZAR 
R1C671 283-0423-00 CIlP,FXD,CER Dl:0.22UF,+80-2Dl,50V 04222 M0015E224ZAA 
R1C675 283-0423-00 CAP,FXO,CER OI:0.22UF,+80-201,50V 04222 MOO 15E224 ZAR 

A1C679 283-0423-00 CAP,FXO,CER Ol:O.22UF,+80-201,SOV 04222 M0015E224ZAA 
A1C683 283-0423-00 CAP,FXO,CER Ol:0.22UF,+80-2Dl,50V 04222 MOO 15E224 ZAA 
A1C687 283-0423-00 CAP,FXO,CER OI:0.22UF,+BO-2Dl,50V 04222 M0015E224ZIlR 
A1C691 283-0423-00 CAP,FXO,CER OI:0.22UF,+80-2Dl,SOV 04222 M0015E224ZAA 
A1C695 283-0423-00 CAP,FXD,CER DI:0.22UF,+BO-2Dl,50V 04222 M0015E224ZAA 
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REPLACEABLE ELECTRICAL PARTS 

Tektronix Serial! Assembly No. Mfr. 
ComQ2nent No. Part No. Effective Dscont Name & OescriQtion Code Mfr. Part No. 

~1C709 281-0913-00 CAP,FXD,CER DI:0.1UF,50V,AXIAL 04222 14A105E104ZAA 
~1C713 281-0913-00 CAP,FXD,CER DI:0.1UF,50V,AXIAL 04222 14A105E104ZAA 
~1C717 281-0913-00 CAP,FXD,CER DI:0.1UF,SOV,AXIAL 04222 14A105E104lA~ 
~1C721 281-0913-00 CAP,FXD,CER DI:0.1UF,SOV,~XI~L 04222 14A105E104Z~~ 
~1C725 281-0913-00 CAP,FXD,CER DI:0.1UF,SOV,~XIAL 04222 14A105E104lA~ 
~1C729 281-0913-00 CAP,FXD,CER DI:0.1UF,SOV,AXIAL 04222 14A105E104ZAA 

~1C733 281-0913-00 CAP,FXO,CER DI:0.1UF,50V,AXIAL 04222 14~105E104ZAA 
111C737 281-0913-00 C~P,FXD,CER OI:0.1UF,50V,AXIAL 04222 ~105E104ZAA 
111C741 281-0913-00 CAP,FXD,CER OI:0.1UF,SOV,AXIAL 04222 ~105E104lnll 
111C750 281-0913-00 CAP,FXD,CER DI:0.1UF,50V,AXIAL 04222 14A105E104ZA~ 
MC753 281-0913-00 CAP,FXD,CER 01:0.1UF,50V,AXIAL 04222 14~105E104Z~A 
/:\1C756 281-0913-00 CAP,FXD,CER OI:0.1UF,50V,AXIAL 04222 14A105E104ZAA 

A1C762 281-0913-00 CAP,FXO,CER DI:0.1UF,50V,AXIAL 04222 14A105E104Z11A 
A1C767 283-0423-00 CAP,FXO,CER OI:0.22UF,+80-20X,50V 04222 14001SE224ZAII 
A1C771 283-0423-00 CAP,FXD,CER OI:0.22UF,+80-20X,50V 04222 MD015£224ZilIl 
A1C775 283-0423-00 CAP,FXD,CER OI:0.22UF,+80-20%,SOV 04222 M0015£224ZAA 
A1C779 283-0423-00 CAP,FXD,CER DI:0.22UF,+80-20X,SOV 04222 140015E224ZAA 
A1C783 283-0423-00 CAP,FXD,CER OI:0.22UF,+80-20%,50V 04222 140015£224ZAA 

A1C787 283-0423-00 CAP,FXD,CER OI:0.22UF,+80-20%,50V 04222 140015£224ZAA 
A1C791 283-0423-00 CAP,FXO,CER OI:0.22UF,+80-20%,50V 04222 140015£224ZIlA 
A1C795 283-0423-00 CAP,FXO,CER OI:0.22UF,+80-20X,50V 04222 M0015£224ZAA 
A1C809 281-0913-00 CAP,FXO,CER OI:0.1UF,50V,AXIAL 04222 14A105E104ZAA 
A1C813 281-0913-00 CAP,FXD,CER OI:0.1UF,5DV,AXIAL 04222 14A105E104ZAA 
A1C817 281-0913-00 CAP,FXD,CER OI:0.1UF,50V,AXIAL 04222 MA105E104ZIlA 

A1C821 281-0913-00 CAP,FXD,CER OI:0.1UF,50V,AXIAL 04222 14A105E104ZAA 
A1C825 281-0913-00 CAP,FXD,CER OI:0.1UF,50V,AXIAL 04222 14A105E104ZAA 
A1C829 281-0913-00 CAP,FXD,CER OI:O.1UF,SOV,AXIAL 04222 14A105E104lAA 
A1C833 281-0913-00 CAP,FXD,CER DI:0.1UF,50V,AXIAL 04222 14A105E104ZAA 
A1C837 281-0913-00 CAP,FXD,CER DI:0.1UF,SOV,AXIAL 04222 14A105E104ZAA 
A1C841 281-0913-00 CAP,FXD,CER DI:0.1UF,50V,AXIAL 04222 14A105E104ZAA 

A1C850 281-0913-00 CAP,FXD,CER 0(:0.1UF,50V,AXIAL 04222 14A105E104ZAA 
A1C853 281-0913-00 CAP,FXD,CER OI:0.1UF,50V,AXIAL 04222 14A105E104ZAA 
A1C856 281-0913-00 CAP,FXD,CER DI:0.1UF,50V,AXIAL 04222 ~105E104ZAA 
A1C862 281-0913-00 CAP,FXD,CER DI:0.1UF,50V,AXIAL 04222 14A10SE104ZAA 
A1C867 283-0423-00 CAP,FXD,CER DI:0.22UF,+80-20%,SOV 04222 140015£224ZAA 
A1C871 283-0423-00 CAP,FXD,CER DI:0.22UF,+80-20%,SOV 04222 140015E224ZIlA 

A1C875 283-0423-00 CAP,FXD,CER DI:0.22UF,+80-20X,50V 04222 MD015E224lAA 
A1C879 283-0423-00 CAP,FXD,CER DI:0.22UF,+80-20X,50V 04222 140015£224ZAA 
A1C883 283-0423-00 CAP,FXO,CER DI:0.22UF,+80-20X,50V 04222 14D015£224ZAA 
A1C887 283-0423-00 CAP,FXD,CER OI:0.22UF,+80-20X,50V 04222 140015£224ZA£1 
A1C891 283-0423-00 CAP,FXD,CER DI:0.22UF,+80-2nX,5DV 04222 14D015£2241AA 
A1C895 283-0423-00 CAP,FXO,CER OI:0.22UF,+80~20X,50V 04222 140015£224ZA£1 

A1C967 283-0423-00 CAP,FXD,CER OI:0.22UF,+80-20%,SOV 04222 MD015£224ZAA 
A1C971 283-0423-00 CAP,FXO,CER OI:0.22UF,+80-20%,50V 04222 140015£224ZAA 
A1C975 283-0423-00 CAP,FXO,CER OI:0.22UF,+80-2O%,50V 04222 140015£224ZAA 
A1C979 283-0423-00 CAP,FXO,CER OI:0.22UF,+80-201,SOV 04222 140015£224ZAA 
A1C983 283-0423-00 CAP,FXO,CER OI:0.22UF,+80-20X,50V 04222 140015£224ZAA 
A1C987 283-0423-00 CAP,FXO,CER OI:0.22UF,+80-2O%,SOV 04222 14oo15£224ZAA 

A1C99' 283-0423-00 CAP, FXO ,CER 01 :0.22UF, +80-20% ,SOV 04222 M0015£224ZAA 
A1C99., 283-0423-00 CAP,FXD,CER OI:0.22UF,+80-20%,50V 04222 M0015£224ZAA 
A10543 1SO-1036-00 LT EMITTING OIO:RED,650N14,40MA MAX 58361 Q6878/MVS074C 
A10544 150-1036-00 LT EMITTING OIO:RED,650NM,4014A MAX 58361 Q6878/MV5074C 
A10545 1SO-1036-00 LT EMITTING DIO:RED,65DNM,4014A MAX 58361 Q6878/MV5074C 
A10550 150-1036-00 LT EMITTING OIO:RED,650NM,4014A MAX 58361 Q6878/MV5074C 

A10555 150-1036-00 LT EMITTING OIO:RED,650N14,4014A MAX 58361 Q687B/NV5074C 
A1J12 131-3092-00 CONN,RCPT,ELEC:HEAOER,2 X 10,VERTICAL,KI 22526 65863-067 
A1J25 131-2963-00 CONN,RCPT,ELEC:NALE,3 X 32,0.1 CTR 81312 94P032110105-589 
A1J981 131-3340-00 CONN,ELEC,RCPT:HEAOER,1 X 36,0.1 SPACING 22526 65499-136 
A1P15 131-2963-00 CONN,RCPT,ELEC:14ALE,3 X 32,0.1 CTR 81312 94P032110105-589 
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A1R43 315-0301-00 RES,FXD,FILM:300 OHM,51,O.25" 57668 NTR25J-E300E 
1I1R44 315-0301-00 RES,FXD,FILM:300 OHM,51,O.25" 57668 NTR25J-E300E 
1I1R45 315-0301-00 RES,FXD,FILM:300 OHM,51,O.25" 57668 NTR25J-E300E 
1I1R224 315-0101-00 RES,FXD,FILM:100 OHM,5%,O.25" 57668 NTR25J-E 100E 
1I1R231 315-0101-00 RES,FXD,FILM:100 OHM,51,O.25" 57668 NTR25J-E 100E 
1I1R254 315-0301-00 RES,FXD,FILM:300 OHM,51,O.25" 57668 NTR25J-E300E 

1I1R267 307-0383-00 RES NTKK,FXD,FI:13,4.7K OHM,2%,O.25" 03888 PD14L 4.7K G8 
A1R345 315-0472-00 RES,FXD,FILM:4.7K OHM,51,O.25K 57668 NTR25J-E04K7 
1I1R346 315-0101-00 RES,FXD,FILM:100 OHM,51,O.25K 57668 NTR25J-E 100E 
1I1R385 315-0472-00 RES,FXD,FILM:4.7K OHM,51,O.25K 57668 NTR25J-E04K7 
1I1R451 315-0330-00 RES,FXD,FILM:33 OHM,51,O.25" 19701 5043CX33ROOJ 
1I1R458 315-0330-00 RES,FXD,FILM:33 OHM,51,O.25" 19701 5043CX33ROOJ 

A1R459 315-0330-00 RES,FXD,FILM:33 OHM,51,O.25" 19701 5043CX33ROOJ 
A1R488 315-0100-00 RES,FXD,FILM:10 OHM,51,O.25K 19701 5043CX10RROOJ 
1I1R513 315-0472-00 RES,FXD,FILM:4.7K OHM,51,O.25" 57668 NTR25J-E04K7 
1I1R534 315-0472-00 RES,FXO,FILM:4.7K OHM,51,O.25" 57668 NTR25J-E04K7 
1I1R535 315-0101-00 RES,FXD,FILM:100 OHM,51,O.25" 57668 NTR25J-E 100E 
1I1R537 315-0101-00 RES,FXD,FILM:100 OHM,51,0.25" 57668 NTR25J-E 100E 

1I1R539 315-0101-00 RES,FXD,FILM:100 OHM,51,O.25" 57668 NTR25J-E 100E 
1I1R560 315-0330-00 RES,FXO,FILM:33 OHM,51,O.25" 19701 5043CX33ROOJ 
1I1R662 307-0383-00 RES NT"K,FXD,FI:13,4.7K OHM,2%,O.25" 03888 PD14L 4.7K GB 
1I1R765 307-0649-00 RES NT"K,FXD,FI:B,33 OHM,2%,O.125" 01121 3168330 
1I1R929 315-0101-00 RES,FXD,FILM:100 OHM,51,O.25" 57668 NTR25J-E 100E 
1I1R967 315-0101-00 RES,FXD,FILM:100 OHM,51,O.25" 57668 NTR25J-E 100E 

1I1U115 156-0784-02 MICROCKT,DGTL:SYNCHRONOUS 4-81T BINIIRY CNTR 01295 SN74LS16311N P3 
A1U119 156-0784-02 MICROCKT,DGTL:SYNCHRONOUS 4-81T 81NIIRY CNTR 01295 SN74LS16311N P3 
1I1U123 156-0784-02 MICROCKT,DGTL:SYNCHRONOUS 4-BIT 81NARY CNTR 01295 SN74LS16311N P3 
1I1U127 160-3154-00 MICROCKT,DGTL:LOGIC ARRIIY PROM,PRGM 80009 160-3154-00 
1I1U131 156-1911-00 MICROCKT,DGTL:HEX D FLIP-FLOP 04713 MC74F174S 
1I1U135 156-1707-00 MICROCKT,DGTL:QUIIO 2-INPUT NIIND GATE 04713 MC7400(NDORJD) 

A1U139 156-0956-02 MICROCKT,DGTL:OCTAL 8FR "/3 STATE OUT 01295 SN74LS244NP3 
A1U143 156-2036-00 MICROCKT,DGTL:FLOATING-POINT UNIT,SCRN 27014 NS32081-10A+ 
1I1U150 156-2174-01 MICROCKT,DGTL:VIRTUAL MEMORY MICROPROCESSOR 04713 MC68010L10 

,SCRN 
1I1U158 160-3085-01 8010100 8020411 MICROCKT,DGTL:16384 X 8 EPROM,PRGM 80009 160-3085-01 
A1U158 160-3085-02 B020412 MICROCKT,DGTL:16384 X 8 EPROM,PRGM 80009 160-3085-02 

A1U163 160-3086-01 B010100 B020411 MICROCKT,DGTL:16384 X 8 EPROM,PRGM 80009 160-3086-01 
A1U163 160-3086-02 B020412 MICROCKT,DGTL:16384 X 8 EPROM,PRGM 80009 160-3086-02 
A1U167 156-1722-00 MICROCKT ,DGTL:HEX INVERTER 04713 MC74F04NO 
A1U171 156-1707-00 MICROCKT,DGTL:QUAD 2-INPUT NAND GATE 04713 MC7400(NDORJD) 
A1U175 156-1611-00 MICROCKT,DGTL:DUAL 0 TYPE EDGE-TRIGRD FF 80009 156-1611-00 
A1U179 156-1727-00 MICROCKT,DGTL:1 OF 8 DCDR/DEMULTIPLEXER 04713 MC74F138 ND/JO 

A1U183 156-1727-00 MICROCKT,DGTL:1 OF 8 DCDR/DEMULTIPLEXER 04713 MC74F138 ND/JO 
A1U235 156-1724-00 MICROCKT,DGTL:QUAD 2 INPUT OR GATE 04713 MC74F32N0 
A1U271 156-1252-00 MICROCKT,DGTL:LSTTL,8/3 LINE PRIORTY ENCOR 01295 SN74LS148N P3 
A1U275 156-2001-00 MICROCKT,DGTL:TTL,QUAD 2-INPUT MULTIPLEXER 04713 MC74F257 
A1U279 156-2001-00 MICROCKT,DGTL:TTL,QUAD 2-INPUT MULTIPLEXER 04713 MC74F257 
A1U283 156-2001-00 MICROCKT,DGTL:TTL,QUAD 2-INPUT MULTIPLEXER 04713 MC74F257 

A1U315 160-3153-00 MICROCKT,DGTL:LOGIC ARRIIY PROM,PRGM 80009 160-3153-00 
A1U319 156-1935-00 MICROCKT ,DGTL:SYNC PRESETTABE BI COUNTER 04713 MC74F:03NDIJO 
A1U323 160-2987-00 MICROCKT,DGTL:ARRAY LOGIC,PRGM PAL16R4A 80009 160-2987-00 
A1U327 160-2985-00 MICROCKT,DGTL:ARRAY LOGIC,PRGM PAL16R8A 80009 160-2985-00 
A1U331 156-0865-02 MICROCKT,DGTL:OCTAL D FF "/CLEAR 01295 SN74LS273NP3 
A1U335 156-1611-00 MICROCKT,DGTL:DUAL D TYPE EDGE-TRIGRD FF 80009 156-1611-00 

A1U339 160-2986-00 MICROCKT,DGTL:ARRAY LOGIC,PRGM PAL16R4A 80009 160-2986-00 
A1U343 156-0844-02 MICROCKT,DGTL:SYN 4 BIT CNTR 01295 SN74LS161A(NP3) 
A1U357 156-2000-00 MICROCKT,DGTL:MOS,2048 X 8 81T STIITIC RAM TK1016 TMM2018D-45 
A1U360 156-1065-01 MICROCKT,DGTL:OCTAL D TYPE TRANS LATCHES SC 04713 SN74LS373 ND/JD 

REENED 
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A1U365 156-2000-00 MICROCKT,DGTL:MOS,204B X B BIT STATIC RAM TK1016 TMM201BD-45 
A1U367 156-1725-00 MICROCKT,DGTL:OCTAL BIDIRECTIONAL XCVR 04713 MC74F245ND 
A1U371 156-0B65-02 MICROCKT,OGTL:OCTAL 0 FF M/CLEAR 01295 SN74LS273NP3 
A1U375 156-0982-03 MICROCKT,OGTl:OCTAL-O-EDGE TRIG FF 01295 SN74LS374N3 
A1U379 160-2983-00 MICROCKT,OGTl:ARRAY LDGIC,PRGM PAL 1618A 80009 160-2983-00 
A1U383 160-2984-00 MICROCKT,DGTL:ARRAY lOGIC,PRGM PAL 16LBA 80009 160-2984-00 

A1U415 156-0784-02 MICROCKT,DGTL:SYNCHRONOUS 4-BIT BINARY CNTR 01295 SN74LS163AN P3 
A1U419 156-0784-02 MICROCKT,DGTL:SYNCHRONOUS 4-BIT BINARY CNTR 01295 SN74LS163AN P3 
A1U423 156-2120-00 MICRDCKT,OGTL:SERIAL-IN PARALLEL-OUT SHIFT 07263 74F164PCQR/DCQR 
A1U427 156-2257-00 MICROCKT,DGTL:B INPUT MULTIPLEXER M/3 STATE 04713 MC74F251NO/JO 

OUTPUT ,SCRN 
A1U431 156-2257-00 MICROCKT,DGTL:B INPUT MULTIPLEXER M/3 STATE 04713 MC74F251NO/JO 

OUTPUT,SCRN 

A1U439 156-1722-00 MICROCKT ,DGTL:HEX INVERTER 04713 MC74F04NO 
A1U443 156-1611-00 MICROCKT,DGTL:DUAL 0 TYPE EDGE-TRIGRD FF 80009 156-1611-00 
A1U450 156-1724-00 MICROCKT,OGTL:QUAD 2 INPUT OR GATE 04713 MC74F32NO 
A1U452 156-2396-00 MICROCKT,DGTL:RESET GENERATOR,5V SUPPLY 01295 TL7705 ACP 
A1U453 156-1723-00 MICROCKT,DGTL:QUAD 2 INPUT & GATE 04713 MC74F08 NO OR JD 
A1U456 156-1973-00 MICROCKT,DGTL:STTL,QUAD 0 FF 07263 74F175PCQR 

A1U458 156-041B-01 MICROCKT,OGTL:B INPUT NAND GATE 01295 SN74S30 NP3/JP4 
A1U459 156-1962-00 MICROCKT,OGTL:OCTAL BUFFER/LINE ORIVER 04713 MC74F244N 
A1U461 156-2001-00 MICROCKT,OGTL:TTL,QUAO 2-INPUT MULTIPLEXER 04713 MC74F257 
A1U462 156-2001-00 MICROCKT,DGTL:TTL,QUAD 2-INPUT MULTIPLEXER 04713 MC74F257 
A1U465 156-1707-00 MICROCKT,DGTL:QUAO 2-INPUT NAND GATE 04713 MC7400(NDORJO) 
A1U466 156-2001-00 MICROCKT,OGTL:TTL,QUAO 2-INPUT MULTIPLEXER 04713 MC74F257 

A1U467 156-1725-00 MICROCKT,DGTL:OCTAL BIDIRECTIONAL XCVR 04713 MC74F245NO 
A1U471 156-1725-00 MICROCKT,OGTL:OCTAL BIDIRECTIONAL XCVR 04713 MC74F245NO 
A1U475 156-1962-00 MICROCKT,OGTL:OCTAl BUFFER/LINE DRIVER 04713 MC74F244N 
A1U479 156-1725-00 MICROCKT,DGTL:OCTAL BIDIRECTIONAL XCVR 04713 MC74F245N0 
A1U483 156-1962-00 MICROCKT,DGTL:OCTAL BUFFER/LINE ORIVER 04713 MC74F244N 
A1U515 156-2259-00 MICROCKT,DGTL:8 INPUT UNIVERSAL SHIFT/STORA 07263 74F299PCQR 

GE REGISTER,SCRN 

A1U519 156-2259-00 MICRDCKT,DGTL:8 INPUT UNIVERSAL SHIFT/STORA 07263 74F299PCCR 
GE REGISTER,SCRN 

A1U523 156-2120-00 MICROCKT,DGTL:SERIAL-IN PARALLEL-OUT SHIFT 07263 74F164PCQR/OCQR 
A1U527 156-1721-00 MICROCKT,OGTL:OCTAL TRANPARENT LATCH 04713 MC74873NO 
A1U531 156-1721-00 MICROCKT,DGTL:OCTAL TRANPARENT LATCH 04713 MC74873NO 
A1U535 156-1740-00 MICROCKT,OGTL:OCTAL DYNAMIC MEMORY DRIVER 34335 AM2966DCB 

MITH THREE-STATE OUTPUT,SCRN 

A1U539 156-2260-00 MICROCKT,DGTL:DUAL 4 INPUT MUX M/3 ST OUT 04713 74F253N 
A1U543 156-2260-00 MICROCKT,DGTL:DUAL 4 INPUT MUX M/3 ST OUT 04713 74F253N 
A1U550 156-0303-01 MICROCKT,DGTL:QUAD 2 INP NAND GATE 18324 N74S03(NB OR FB) 
A1U553 156-0982-03 MICROCKT,DGTL:OCTAL-D-EDGE TRIG FF 01295 SN74LS374N3 
A1U556 156-1752-00 MICROCKT,DGTL:TRIPLE 3-INPUT NAND GATE 1B324 74F10 (NB DR FB) 
A1U559 156-1962-00 MICROCKT,DGTL:OCTAL BUFFER/LINE DRIVER 04713 MC74F244N 

A1U562 156-1724-00 MICROCKT,DGTL:QUAD 2 INPUT DR GATE 04713 MC74F32N0 
A1U565 156-1B69-00 MICROCKT,OGTL:OCTAL DYNAMIC MEMORY DRIVERS 34335 AM29650CB 

A1U567 156-2139-01 
M/3-STATE OUT,SCRN 
MICROCKT,DGTL:NMOS,262144 X 1 DRAM 01295 TMS4256-15NL 

A1U571 156-2139-01 MICROCKT,OGTL:NMOS,262144 X 1 DRAM 111295 TMS4256-15NL 
A1U575 156-2139-01 MICROCKT,DGTL:NMOS,262144 X 1 DRAM 31295 TMS4256-15NL 

A1U579 156-2139-01 MICROCKT,DGTL:NMOS,262144 X 1 DRAM 01295 TMS4256-15NL 
A1U583 156-2139-01 MICROCKT,DGTL:NMOS,262144 X 1 DRAM 01295 TMS4256-15NL 
A1U587 156-2139-01 MICROCKT,OGTL:NMOS,262144 X 1 DRAM 01295 TMS4256-15NL 
A1U591 156-2139-01 MICROCKT,DGTL:NMOS,262144 X 1 DRAM 01295 TMS4256-15NL 
A1U595 156-2139-01 MICROCKT,DGTL:NMOS,262144 X 1 DRAM 01295 TMS4256-15NL 
A1U609 156-1876-00 MICROCKT,DGTL:NMDS,65536 X 1 BIT DRAM 04713 MCM6665-AP-15 

A1U613 156-1B76-00 MICRDCKT,DGTL:NMDS,65536 X 1 BIT DRAM 04713 MCM6665-AP-15 
A1U617 156-1B76-00 MICROCKT,DGTL:NMOS,65536 X 1 BIT DRAM 04713 MCM6665-AP-15 
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A1U621 156-1876-00 MICROCKT,DGTl:NMOS,65536 X 1 BIT DRAM 04713 MCM6665-AP-15 
A1U625 156-1876-00 MICROCKT,DGTl:NMOS,65536 X 1 BIT DRAM 04713 MCM6665-AP-15 
A1U629 156-1B76-00 MICROCKT,OGTl:NMOS,65536 X 1 BIT DRAM 04713 MCM6665-AP-15 
A1U633 156-1876-00 MICROCKT,OGTl:NMOS,65536 X 1 BIT DRAM 04713 MCM6665-AP-15 
A1U637 156-1876-00 MICROCKT,DGTl:NMOS,65536 X 'I BIT DRAM 04713 MCM6665-AP-15 
A1U641 156-2260-00 MICROCKT,DGTl:DUAl4 INPUT MUX "/3 ST OUT 04713 74F253N 

A1U650 156-2255-00 MICROCKT,DGTl:TTl,TONE GENERATOR,PRGM NOISE 01295 SN76496P 
GENERATOR ANO ATTENUATION 

MU653 156-1611-00 MICROCKT,OGTl:DUAl D TYPE EOGE-TRIGRD FF 80009 156-1611-00 
A1U656 156-1723-00 MICROCKT,DGTl:QUAD 2 INPUT & GATE 04713 MC74F08 NO OR JD 
A1U659 156-1743-00 MICROCKT,DGTl:ASTTl,QUAD 2-INPUT NOR GATE 18324 74F02 NB OR FB 
A1U665 156-1869-00 MICROCKT,DGTl:OCTAl DYNAMIC MEMORY DRIVERS 34335 AM2965DCB 

"/3-STATE OUT,SCRN 

A1U667 156-2139-01 MICROCKT,DGTl:NMOS,262144 X 1 DRAM 01295 TMS4256-15Nl 
MU671 156-2139-01 MICROCKT,DGTl:NMOS,262144 X 1 DRAM 01295 TMS4256-15NL 
A1U675 156-2139-01 MICROCKT,DGTl:NMOS,262144 X 1 DRAM 01295 TMS4256-15Nl 
A1U679 156-2139-01 MICROCKT,DGTl:NMOS,262144 X 'I DRAM 01295 TMS4256-15Nl 
A1U683 156-2139-01 MICROCKT,DGTl:NMOS,262144 X 1 DRAM 01295 TMS4256-15Nl 
A1U687 156-2139-01 MICROCKT,DGTl:NMOS,262144 X 1 DRAM 01295 TMS4256-15Nl 

A1U691 156-2139-01 MICROCKT,DGTl:NMOS,262144 X 1 DRAM 01295 TMS4256-15Nl 
A1U695 156-2139-01 MICROCKT,DGTl:NMOS,262144 X 1 DRAM 01295 TMS4256-15Nl 
A1U709 156-1876-00 MICROCKT,DGTl:NMOS,65536 X 1 BIT DRAM 04713 MCM6665-AP-15 
A1U713 156-1876-00 MICROCKT,DGTl:NMOS,65536 X 1 BIT DRAM 04713 MCM6665-AP-15 
A1U717 156-1876-00 MICROCKT,DGTL:NMOS,65536 X 1 BIT DRAM 04713 MCM6665-AP-15 
A1U721 156-1876-00 MICROCKT,DGTl:NMOS,65536 X 1 BIT DRAM 04713 MCM6665-AP-15 

A1U725 156-1876-00 MICROCKT,DGTl:NMOS,65536 X 1 BIT DRAM 04713 MCM6665-AP-15 
A1U729 156-1876-00 MICROCKT,OGTl:NMOS,65536 X 1 BIT DRAM 04713 MCM6665-AP-15 
A1U733 156-1876-00 MICROCKT,DGTl:NMOS,65536 X 1 BIT DRAM 04713 MCM6665-AP-15 
A1U737 156-1876-00 MICROCKT,DGTl:NMOS,65536 X 1 BIT DRAM 04713 MCM6665-AP-15 
A1U741 156-2260-00 MICROCKT,DGTL:DUAl4 INPUT MUX K/3 ST OUT 04713 74F253N 
A1U753 156-1723-00 MICROCKT,OGTl:QUAD 2 INPUT & GATE 04713 MC74F08 NO OR JD 

A1U756 156-1172-01 MICROCKT,DGTl:DUAl4 BIT BIN CNTR 01295 SN71llS393NP3 
A1U759 156-1962-00 MICROCKT,OGTl:OCTAl BUFFER/lINE DRIVER 04713 MC74F244N 
A1U762 156-1751-00 MICROCKT,DGTl:4-2-3-2 INP AND/OR INV GATE 04713 MC74F64NDS 
A1U767 156-2139-01 MICROCKT,OGTL:NMOS,2621114 X 1 DRAM 01295 TMS4256-15NL 
A1U771 156-2139-01 MICROCKT,DGTL:NMOS,262144 X 1 DRAM 01295 TMS4256-15Nl 
A1U775 156-2139-01 MICROCKT,OGTl:NMOS,26211l4 X 1 DRAM 01295 TMSIl256-15Nl 

A1U779 156-2139-01 MICROCKT,OGTl:NMOS,262144 X 1 DRAM 01295 TMS4256-15Nl 
A1U783 156-2139-01 MICROCKT,DGTl:NMOS,262144 X 1 DRAM 01295 TMS4256-15Nl 
A1U787 156-2139-01 MICROCKT,OGTl:NMOS,262144 X 1 DRAM 01295 TMSIl256-15Nl 
A1U791 156-2139-01 MICROCKT,OGTl:NMOS,262144 X 1 DRAM 01295 TMS4256-15Nl 
A1U795 156-2139-01 MICROCKT,DGTl:NMOS,262144 X 1 DRAM 01295 TMS4256-15Nl 
A1U809 156-0784-02 MICROCKT,DGTl:SYNCHRONOUS 4-BIT BINARY CNTR 01295 SN74lS163AN P3 

A1U813 156-0784-02 MICROCKT,DGTl:SYNCHRONDUS 4-BIT BINARY CNTR 01295 SN74lS163AN P3 
A1U817 156-0784-02 MICROCKT,DGTl:SYNCHRONOUS 4-BIT BINARY CNTR 01295 SN71llS163AN P3 
A1U821 156-0784-02 MICROCKT,DGTl:SYNCHRONDUS 4-BIT BINARY CNTR 01295 SN74lS163AN P3 
A1U825 156-1707-00 MICROCKT,DGTl:QUAD 2-INPUT NAND GATE 04713 MC71l00 (NDORJD) 
A1U829 156-1743-00 MICROCKT,DGTl:ASTTl,QUAD 2-INPUT NOR GATE 18324 74F02 N8 OR FB 
A1U833 156-1740-00 MICROCKT,DGTl:OCTAl DYNAMIC MEMORY DRIVER 34335 AM2966DCB 

KITH THREE-STATE OUTPUT,SCRN 

A1U837 156-0982-03 MICROCKT,DGTL:OCTAL-D-EOGE TRIG FF 01295 SN74LS374N3 
A1U841 156-0982-03 MICROCKT,DGTl:OCTAl-D-EDGE TRIG FF 01295 SN74LS374N3 
A1U845 156-1752-00 MICROCKT,DGTl:TRIPlE 3-INPUT NAND GATE 18324 74F10 (NS OR FB) 
A1U850 156-0844-02 MICROCKT,DGTl:SYN 4 BIT CNTR 01295 SN74LS161A(NP3) 
A1U853 156-0844-02 MICROCKT,DGTl:SYN 4 BIT CNTR 01295 SN74lS161A(NP3) 
A1UB56 156-1634-00 MICROCKT,DGTl:STTl,QUAO 2-INPUT 4-BIT 07263 74899 PCQR 

REGISTER,SCRN 

MU859 156-1973-00 MICROCKT,DGTl:STTl,QUAD 0 FF 07263 74F175PCQR 
A1U862 156-1973-00 MICROCKT,DGTl:STTl,QUAD 0 FF 07263 74F175PCQR 
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REPLACEABLE ELECTRICAL PARTS 

Tektronix Serial! Assembly No. Mfr. 
Com(!onent No. Part No. Effective Dscont Name & Descri(!tion Code Mfr. Part No. 
A1OO65 156-1B69-00 MICROCKT,DGTL:OCTAL DYNAMIC MEMORY DRIVERS 34335 AM2965DCB 

"'3-STATE OUT,SCRN 
A1OO67 156-2139-01 MICROCKT,DGTL:NMOS,262144 X 1 DRAM 01295 TMS4256-15NL 
/.\10071 156-2139-01 MICROCKT,DGTL:NMOS,262144 X 1 DRAM 01295 TMS4256-15NL 
A1OO75 156-2139-01 MICROCKT,DGTL:NMOS,262144 X 1 DRAM 01295 TMS4256-15NL 
A1OO79 156-2139-01 MICROCKT,DGTL:NMOS,262144 X 1 DRAM 01295 TMS4256-15NL 

A1UBB3 156-2139-01 MICROCKT,DGTL:NMOS,262144 X 1 DRAM 01295 TMS4256-15NL 
A1UB87 156-2139-01 MICROCKT,DGTL:NMOS,262144 X 1 DRAM 01295 TMS4256-15NL 
A1UB91 156-2139-01 MICROCKT,DGTl:NMOS,262144 X 1 DRAM 01295 TMS4256-15NL 
A1UB95 156-2139-01 MICROCKT,DGTL:NMOS,262144 X 1 DRAM 01295 TMS4256-15NL 
A1Y435 119-1721-00 B010100 8010410 OSC,XTAL CLOCK:25.2MHZ,0.011 OB111 M1200-25.2M 
A1Y435 119-1993-00 8010411 OSC,XTAL CLOCK:25.2MHZ,0.011 "'ENABLE,METAL OB111 A1B24-25.2MHZ 

PKG 

A1Y750 119-1460-00 OSCILLATOR,RF:40.0MHZ 01537 K1114AM 40 MHz 
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REPLACEABLE ELECTRICAL PARTS 

Tektronix Serial! Assembly No. Mfr. 
ComQonent No. Part No. Effective Dscont Name & DescriQtion Code Mfr. Part No. 

A2 670-8771-00 8010100 8010136 CIRCUIT 80 ASSY:I/O 80009 670-8771-00 
A2 670-8771-01 8010137 B020617 CIRCUIT BO ASSY:I/O 80009 670-8771-01 
A2 670-8771-02 B020618 CIRCUIT BO ASSY:I/O 80009 670-8771-02 
A2834 146-0052-00 BATTERY,STORAGE:3.6V,70MAH,0.5 AAA CELL 09052 OP3100P 
A2C9 290-0966-00 CAP,FXO,ELCTLT:22OUF,+50-10I,25V 55680 TLB1E221TCAANA 
A2C12 290-0966-00 CAP , FXD ,ELCTLT:220UF ,+50-10I,25V 55680 TLB1E221TCAANA 

A2C15 290-0966-00 CAP,FXD,ELCTLT:220UF,+50-10I,25V 55680 TLB1E221TCAANA 
A2C17 281-0913-00 CAP,FXO,CER 01:0.1UF,50V,AXIAL 04222 IIA105E1041AA 
A2C39 281-0772-00 CAP,FXO,CER 01:4700PF,10I,100V 04222 IIA201C472KAA 
A2C54 281-0913-00 CAP,FXO,CER DI:0.1UF,50V,AXIAL 04222 IIA105E1041AA 
A2C65 281-0913-00 CAP,FXO,CER DI:0.1UF,50V,AXIAL 04222 IIA105E1041AA 
A2C69 281-0913-00 CAP,FXO,CER DI:0.1UF,50V,AXIAL 04222 IIA105E1041AA 

A2C74 281-0913-00 CAP,FXO,CER DI:0.1UF,50V,AXIAL 04222 IIA105E1041AA 
A2C82 281-0913-00 CAP,FXO,CER DI:0.1UF,50V,AXIAL 04222 IIA105E1041AA 
A2C87 281-0913-00 CAP,FXO,CER 01:0.1UF,5OV,AXIAL 04222 IIA105E1041AA 
A2C117 290-0106-00 CAP,FXO,ELCTLT:10UF,+75-10I,15V 56289 30010660158A9 
A2C139 281-0819-00 CAP,FXO,CER DI:33 PF,st,50V 04222 GC105A330J 
A2C140 281-0819-00 CAP,FXO,CER DI:33 PF,st,50V 04222 GC105A330J 

A2C141 281-0913-00 CAP,FXO,CER DI:0.1UF,50V,AXIAL 04222 IIA105E1041AA 
A2C158 281-0913-00 CAP,FXO,CER 01:0.1UF,50V,AXIAL 04222 MA105E1041AA 
A2C251 281-0913-00 CAP,FXO,CER DI:0.1UF,50V,AXIAL 04222 IIA105E1041AA 
A2C254 281-0913-00 CAP,FXO,CER 01:0.1UF,50V,AXIAL 04222 IIA105E1041AA 
A2C265 281-0913-00 CAP,FXD,CER DI:0.1UF,50V,AXIAL 04222 IIA105E1041AA 
A2C268 281-0913-00 CAP,FXO,CER DI:0.1UF,50V,AXIAL 04222 IIA105E1041AA 

A2C275 281-0913-00 CAP,FXD,CER DI:0.1UF,50V,AXIAL 04222 IIA105E1041AA 
A2C282 281-0913-00 CAP,FXO,CER DI:0.1UF,5OV,AXIAL 04222 MA105E104ZAA 
A2C290 281-0913-00 CAP,FXD,CER 01:0.1UF,5OV,AXIAL 04222 MA105E1041AA 
A2C355 281-0913-00 CAP,FXD,CER 01:0.1UF,5OV.AXIAL 04222 MA105E104ZAA 
A2C365 281-0913-00 CAP,FXD,CER DI:0.1UF,50V,AXIAL 04222 MA105E104ZAA 
A2C455 281-0913-00 CAP,FXD,CER DI:0.1UF,50V,AXIAL 04222 IIA105E1041AA 

A2C462 281-0913-00 CAP,FXD,CER DI:0.1UF,50V,AXIAL 04222 MA105E104ZAA 
A2C485 281-0913-00 CAP,FXD,CER DI:0.1UF,50V,AXIAL 04222 MA105E104ZAA 
A2C583 283-0837-00 CAP,FXD,CER DI:0.001UF,10I,50Y 8 PIN DIP 56289 470C7X7R102K5DG 
A2C589 281-0913-00 CAP,FXD,CER 01:0.1UF,50V,AXIAL 04222 IIA105E1041AA 
A2C593 281-0913-00 CAP,FXD,CER DI:0.1UF,50V,AXIAL 04222 MA105E1041AA 
A2C644 281-0913-00 CAP,FXD,CER DI:0.1UF,50V,AXIAL 04222 MA105E104ZAA 

A2C645 281-0913-00 CAP,FXD,CER DI:0.1UF,50V,AXIAL 04222 IIA105E104ZAA 
A2C669 281-0913-00 CAP,FXD,CER DI:0.1UF,5OV,AXIAL 04222 IIA105E104ZAA 
A2C670 281-0913-00 CAP,FXD,CER DI:0.1UF,50V,AXIAL 04222 MA105E1041AA 
A2C681 281-0913-00 CAP,FXD,CER DI:0.1UF,5OV,AXIAL 04222 MA105E1041AA 
A2C697 290-0966-00 CAP,FXO,ELCTLT:220UF,+50-10I,25Y 55680 TLB1 E221TCAANA 
A2C699 290-0106-00 CAP,FXD,ELCTLT:10UF,+75-10I,15V 56289 30D106G0158A9 

A2C751 281-0913-00 CAP,FXD,CER DI:0.1UF,50V,AXIAL 04222 MA105E1041AA 
A2C788 281-0913-00 CAP,FXD,CER DI:0.1UF,50V,AXIAL 04222 MA105E1041AA 
A2C792 281-0813-00 CAP,FXD,CER DI:0.047UF,20I,5OV 05397 C412C473M5V2CA 
A2C793 281-0812-00 CAP,FXD,CER DI:1000PF,10I,100V 04222 MA101C102KAA 
A2CB37 290-0966-00 CAP ,FXD ,ELCTLT:220UF,+5O-10I,25V 55680 TLB1 E221TCAANA 
A2C851 281-0913-00 CAP,FXD,CER DI:0.1UF,5OV,AXIAL 04222 MA105E1041AA 

A2CB97 281-0812-00 CAP,FXD,CER DI:1000PF,10I,100Y 04222 MA101C102KAA 
A2C898 281-0812-00 CAP,FXO,CER DI:1000PF,10I,100V 04222 MA101C102KAA 
A2C997 281-0913-00 CAP,FXD,CER DI:0.1UF,50V,AXIAL 04222 MA105E1041AA 
A2C998 281-0913-00 CAP,FXD,CER 01:0.1UF,50V,AXIAL 04222 MA105E1041AA 
A2CR17 152-0141-02 SEMICOND DVC,DI:SK,SI,30V,150MA,30V,DD-35 03508 DA2527 (1N4152) 
A2CR117 152-0141-02 SEMICONO DVC,DI:SK,SI,30V,15OMA,30Y,OO-35 03508 DA2527 (1N4152) 

A2CR692 152-0141-02 SEMICOND OVC,OI:SK,SI,30V,15OMA,30V,OO-35 03508 DA2527 (1N4152) 
A2CR693 152-0141-02 SEMICONO DVC,01:SK,SI,30V,15OMA,30V,DO-35 03508 OA2527 (1N4152) 
A2CRBBB 152-0141-02 SEMICONO OVC,OI:SM,SI,30V,15OMA,30Y,OO-35 03508 OA2527 (1N4152) 
A2CR889 152-0141-02 SEMICOND DVC,OI:SM,SI,30V,15OMA,30Y,OO-35 03508 DA2527 (1N4152) 
A2CR890 152-0141-02 SEMICOND OVC,DI:S",SI,30V,15OMA,30Y,OO-35 03508 0A2527 (1N4152) 
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REPLACEABLE ELECTRICAL PARTS 

Tektronix Serial I Assembly No. Mfr. 
Com!;,!onent No. Part No. Effective Dscont Name & Descri!;,!tion Code Mfr. Part No. 

A2CR944 152-0066-00 SEMICONO OVC,OI:RECT,SI,400V,1A,00-41 05828 GP10G-020 
A2CR988 152-0141-02 SEMICONO OVC,OI:S",SI,30V,150MA,30V,00-35 03508 OA2527 (1N4152) 
A2F5 159-0246-00 FUSE,MIRE LEAO:3.5A,125V,FAST 75915 251 03.5 
A2F7 159-0246-00 FUSE,"IRE LEAD:3.5A,125V,FAST 75915 251 03.5 
A2F939 159-0245-00 FUSE,MIRE LEAO:1A,125V,FAST 75915 251 001 
A2J97 131-2964-00 CONN,RCPT,ELEC:FEMALE,3 X 32,RTANG 81312 0965-6043-0731-0 

A2J474 131-1857-00 TERM SET,PIN:36/0.025 SO PIN,ON 0.1 CTRS TK1483 082-3643-5510 
A2J660 131-3320-00 CONN,RCPT,ELEC:PIN HEAO,50 PIN 00779 103467-1 
A2J735 131-2964-00 CONN,RCPT,ELEC:FEMALE,3 X 32,RTANG 81312 0965-6043-0731-0 
A2J786 131-3292-00 CONN,RCPT,ELEC:0-SU8MINIATURE,9 FEMALE,PC M 71468 OE-9SH 

OUNT 
A2J879 131-0813-00 CONN,RCPT,ELEC:CKT BO MT,25 CONT,MALE 13511 777-0B-25P-T 

A2J892 131-3294-00 JACK ,TELEPHONE: PC MOUNT R2389 PC142A/PC MOUNT 
A2J972 131-2898-00 CONN,RCPT,ELEC:PCB MOUNT,36 CONTACT 02660 57-40360-22-398 
A2J986 131-3377-00 CONN,RCPT,ELEC:O/SUBMIN 15 PIN "IRE MRAP 80009 131-3377-00 
A2J992 131-1741-00 CONN,RCPT,ELEC:PCB MOUNT,5 CONTACT 82389 57NC5F 
A2L997 108-0474-00 COIL,RF:FIXED,2UH 80009 108-0474-00 
A2L998 108-0474-00 COIL,RF:FIXED,2UH 80009 108-0474-00 

A2P2 131-2908-00 CONN,RCPT,ELEC:CKT BO,1 X 10,0.156 SPACING 27264 09-62-3102 
AZ017 151-0190-00 TRANSISTOR:NPN,SI,TO-92 80009 151-0190-00 
A2R17 315-0101-00 RES,FXO,FILM:100 OHM,SI,0.25M 57668 NTR25J-E 100E 
A2R18 315-0242-00 RES,FXD,FILM:2.4K OHM,SI,0.25" 57668 NTR25J-E02K4 
A2R39 315-0102-00 RES,FXO,FILM:1K OHM,SI,0.25M 57668 NTR25JE01KO 
A2R41 315-0105-00 RES,FXD,FILM:1M OHM,SI,O.25M 19701 5043CX1MOOOJ 

A2R42 315-0102-00 RES,FXD,FILM:1K OHM,SI,0.25M 57668 NTR25JE01KO 
A2R44 315-0474-00 RES,FXD,FILM:470K OHM,SI,0.25M 19701 5043CX470KOJ92U 
A2R45 315-0154-00 RES,FXO,FILM:150K OHM,SI,0.25M 57668 NTR25J-E150K 
A2R46 315-0103-00 RES,FXD,FILM:10K OHM,SI,0.25M 19701 5043CX10KOOJ 
A2R117 315-0301-00 RES,FXO,FILM:300 OHM,SI,0.25M 57668 NTR25J-E300E 
A2R139 315-0105-00 RES,FXO,FILM:1M OHM,SI,O.25" 19701 5043CX1MOOOJ 

A2R140 315-0105-00 RES,FXO,FILM:1M OHM,SI,O.25" 19701 5043CX1MOOOJ 
A2R239 315-0824-00 RES,FXO,FILM:820K OHM,SI,0.25" 19701 5043CX820KOJ 
A2R240 315-0101-00 RES,FXO,FILM:100 OHM,SI,0.25M 57668 NTR25J-E 100E 
A2R241 315-0101-00 RES,FXO,FILM:100 OHM,SI,0.25M 57668 NTR25J-E 100E 
A2R344 315-0103-00 RES,FXO,FILM:10K OHM,SI,0.25M 19701 5043CX10KOOJ 
A2R351 315-0472-00 RES,FXO,FILM:4.7K OHM,SI,O.25M 57668 NTR25J-ED4K7 

A2R352 315-0472-00 RES,FXO,FILM:4.7K OHM,SI,0.25M 57668 NTR25J-E04K7 
A2R353 315-0472-00 RES,FXO,FILM:4.7K OHM,SI,0.25M 57668 NTR25J-E04K7 
A2R451 315-0331-00 RES,FXO,FILM:330 OHM,SI,0.25M 57668 NTR25J-E330E 
A2R474 315-0103-00 RES,FXD,FILM:10K OHM,SI,0.25M 19701 5043CX10KOOJ 
A2R475 315-0103-00 RES,FXD,FILM:10K OHM,SI,D.25M 19701 5043CX10KOOJ 
A2R476 315-0472-00 RES,FXD,FILM:4.7K OHM,SI,O.25M 57668 NTR25J-ED4K7 

A2R574 315-0472-00 670-8771-01 RES,FXD,FILM:4.7K OHM,SI,0.25" 57668 NTR25J-E04K7 
A2R589 315-0101-00 RES,FXD,FILM:100 OHM,SI,0.25M 57668 NTR25J-E 100E 
A2R592 311-2254-00 RES,VAR,NONMK:10K OHM,10%,0.5" 12697 CM43476 
A2R597 315-0103-00 RES,FXO,FILM:10K OHM,SI,0.25M 19701 5043CX10KOOJ 
A2R598 315-0471-00 RES,FXD,FILM:470 OHM,SI,0.25M 57668 NTR25J-E470E 
A2R668 315-0472-00 RES,FXD,FILM:4.7K OHM,SI,0.25M 57668 NTR25J-E04K7 

A2R677 315-04n-00 670-877'-01 RES,FXD,FILM:4.7K OHM,SI,0.25M 57668 NTR25J-E04K7 
A2R693 315-0472-00 RES,FXD,FILM:4.7K OHM,SI,0.25" 57668 NTR25J-E04K7 
A2R764 315-0100-00 RES,FXD,FILM:10 OHM,SI,0.25M 19701 5043CX10RROOJ 
A2R765 315-0100-00 RES,FXD,FILM:10 OHM,SI,0.25" 19701 5043CX10RROOJ 
A2R766 315-0100-00 RES,FXO,FILM:10 OHM,SI,0.25" 19701 5043CX10RROOJ 
A2R777 307-0383-00 RES NT"K,FXD,FI:13,4.7K OHM,2%,D.25M 038$ PD14L 4.7K G8 

A2R787 315-04n-00 670-8771-01 RES,FXO,FILM:4.7K OHM,SI,0.25" 57668 NTR25J-E04K7 
A2R788 315-0472-00 670-8771-01 RES,FXO,FILM:4.7K OHM,SI,0.25M 57668 NTR25J-ED4K7 
A2R792 315-0100-00 RES,FXO,FILM:10 OHM,SI,0.25M 19701 5043CX10RROOJ 
A2R793 315-0151-00 RES,FXO,FILM:150 OHM,SI,0.25M 57668 NTR25J-E150E 
A2R797 315-0821-00 RES,FXO,FILM:820 OHM,SI,0.25M 19701 5043CX820ROJ 
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A2R798 315-0472-00 RES,FXD,FILM:4.7K OHM,5%,0.25H 57668 NTR25J-E04K7 
A2R855 307-0658-00 RES NTMK,FXD,FI:14,220 OHM,14,330 OHM,ZI 01121 316E221331 
A2R864 315-0100-00 RES,FXD,FILM:10 OHM,5%,0.25H 19701 5043CX10RROOJ 
A2R865 315-0100-00 RES,FXD,FILM:10 OHM,5%,0.25H 19701 5043CX10RROOJ 
A2R866 315-0100-00 RES,FXD,FILM:10 OHM,5%,O.25" 19701 5043CX10RROOJ 
A2R867 315-0100-00 RES,FXD,FILM:10 OHM,5%,O.25H 19701 5043CX10RROOJ 

A2R868 315-0100-00 RES,FXD,FILM:10 OHM,5%,0.25" 19701 5043CX10RROOJ 
A2R869 315-0100-00 RES,FXO,FILM:10 OHM,5%,0.25H 19701 5043CX10RROOJ 
A2R955 307-0658-00 RES NTMK,FXD,FI:14,220 OHM,14,330 OHM,ZI 01121 316E221331 
A2R964 315-0100-00 RES,FXD,FILM:10 OHM,5%,O.25H 19701 5043CX10RROOJ 
A2R990 315-0331-00 RES,FXD,FILM:330 OHM,5%,0.25H 57668 NTR25J-E330E 
A2S693 260-2111-00 S"ITCH ,PUSH:SPDT ,MOMENTARY 59821 2LL199N8021085 

A2U45 156-0352-00 MICROCKT,OGTL:CMOS,DUAL CMPLM PAIR + INVT 02735 CD4007A(E OR F) 
A2U49 156-2254-00 MICROCKT,DGTL:REAL TIME CLDCK PLUS RAM,SCRN 04713 MC146818PD 
A2U55 156-1748-02 MICRDCKT,DGTL:OCTAL BUS XCVR "/3-STATE OUT, 01295 SN74ALS245AN3 

SCRN 
A2U58 156-1754-01 MICROCKT,DGTL:OCTAL BUFFER "/3-STATE OUT 01295 SN74ALS244AN3 
A2U62 156-1754-01 MICROCKT,DGTL:OCTAL BUFFER "/3-STATE OUT 01295 SN74ALS244AN3 

A2U144 156-2258-00 MICROCKT,DGTL:QUAD COMPARATOR 04713 MC14574CP 
A2U147 156-2256-00 MICROCKT,DGTL:QUADRUPLE 2 INPUT POSITIVE NA 01295 SN74HCOON3/J4 

ND GATES,SCRN 
A2U151 156-1724-00 MICROCKT,DGTL:QUAD 2 INPUT OR GATE 04713 MC74F32ND 
A2U155 156-1723-00 MICROCKT,DGTL:QUAD 2 INPUT & GATE 04713 MC74F08 NO OR JD 
A2U158 156-0541-02 MICROCKT,DGTL:DUAL 2-TO 4-LINE DCOR/DEMUX 04713 SN74LS139NDS 

A2U162 156-1754-01 MICROCKT,DGTL:OCTAL BUFFER "/3-STATE OUT 01295 SN74ALS244AN3 
A2U244 156-0388-03 MICROCKT,DGTL:DUAL 0 FLIP-FLOP 01295 SN74LS74ANP3 
A2U247 156-1722-00 MICROCKT,DGTL:HEX INVERTER 04713 MC74 F04ND 
A2U251 156-1724-00 MICROCKT,DGTL:QUAD 2 INPUT OR GATE 04713 MC74F32ND 
A2U255 156-1727-00 MICROCKT,DGTL:1 OF 8 DCDR/DEMULTIPLEXER 04713 MC74F138 ND/JD 
A2U258 160-2982-01 MICROCKT,DGTL:ARRAY LOGIC,PRGM 80009 160-2982-01 

A2U262 156-1748-02 MICROCKT,DGTL:OCTAL BUS XCVR "/3-STATE OUT, 01295 SN74ALS245AN3 
SCRN 

A2U344 156-1550-00 MICROCKT,DGTL:NMOS,SYS TIMING CONT,SCRN 34335 AM9513APCT8 
A2U362 156-1748-02 MICROCKT,DGTL:OCTAL BUS XCVR "/3-STATE OUT, 01295 SN74ALS245AN3 

SCRN 
A2U451 156-0403-02 MICROCKT,DGTL:HEX INVERTER,SCRN 18324 N74S05(NB OR FB) 

A2U455 156-0385-02 MICROCKT,DGTL:HEX INVERTER 07263 74LS04PCQR 
A2U458 156-0541-02 MICROCKT,DGTL:DUAL 2-TO 4-LINE DCDR/DEMUX 04713 SN74LS139NDS 
A2U468 156-2103-00 MICROCKT,DGTL:DUAL ASYNCHRONOUS RECEIVER/TR 18324 SCN68681 

ANSMITTER(DUART),SCRN 
A2U4B1 156-1998-00 MICROCKT,DGTL:TTL,OCTAL D-TYPE FLIP-FLOP 01295 SN74ALS273 
A2U485 160-3039-00 MICROCKT,DGTL:20 X 10 LOGIC ARRAY,PRGM 80009 160-3039-00 

A2U489 160-3038-00 MICROCKT,DGTL:20 X 10 LOGIC ARRAY,PRGM BOO09 160-3038-00 
A2U493 160-3038-00 MICROCKT,DGTL:20 X 10 LOGIC ARRAY,PRGM 80009 160-3038-00 
A2U498 156-1754-01 MICROCKT,DGTL:OCTAL BUFFER K/3-STATE DUT 01295 SN74ALS244AN3 
A2U551 156-1998-00 MICROCKT,DGTL:TTL,OCTAL D-TYPE FLIP-FLOP 01295 SN74ALS273 
A2U555 156-2063-00 MICROCKT,DGTL:8D-TYPE FLIP-FLOP 01295 SN74ALS374N3 
A2U5S8 156-1754-01 MICROCKT,DGTL:OCTAL BUFFER K/3-STATE OUT 01295 SN74ALS244AN3 

A2U562 156-2063-00 MICROr.KT,DGTL:8D-TYPE FLIP-FLOP 01295 SN74ALS374N3 
A2U574 156-0879-01 MICRGCKT,DGTL:QUAD LINE DRIVER 04713 MC1488LO 
A2U577 156-0878-01 MICROCKT,DGTL:QUAD LINE RCVR 04713 MC1489LOS 
A2U581 156-0913-02 MICROCKT,DGTL:OCTAL 0 FF K/ENABLE,SCRN 01295 SN74LS377NP3 
A2U585 156-2063-00 MICROCKT,DGTL:8D-TYPE FLIP-FLOP 01295 SN74ALS374N3 
A2U597 156-2353-00 MICROCKT,DGTL:LV AUTO POKER,PO-AMP 27014 LM386N-1 

A2U644 156-2082-00 MICROCKT,DGTL:SCSI PROTOCAL CONTROLLER,SCRN 89213 NCR53B5E 
A2U651 156-2040-00 MICROCKT,DGTL:9-BIT TRANSCEIVER,SCRN 34335 AM29864 
A2U655 156-1235-00 MICROCKT,DGTL:LSTTL,BCD TO DECIMAL DECODER 01295 SN74LS145N3 
A2U665 156-0645-02 14 I CROCKT ,DGTL:HEX INV ST NAND GATES 04713 SN74LS14NDS 
A2U674 156-0878-01 MICROCKT,DGTL:QUAD LINE RCVR 04713 MC14B9LOS 

.4404 COMPONENT-LEVEL SERVICE 4-13 



REPLACEABLE ELECTRICAL PARTS 

Tektronix Serial I Assembly No. Mfr. 
Com~onent No. Part No. Effective Dscont Name & Descri~tion Code Mtr. Part No. 

A2US77 15S-0467-02 MICROCKT,OGTL:QUAD 2-INP NAND BFR K/OC OUT, 01295 SN74LS38NP3 
SCREENED 

A2US88 15S-0381-02 MICROCKT,DGTL:QUAD 2-INP EXCL OR GATE 07263 74LS8SPCQR 
A2U751 15S-0914-02 MICROCKT,DGTL:OCT ST BFR K/3 STATE OUT 01295 SN74LS240NP3 
A2U755 15S-0145-02 MICROCKT,DGTL:QUAD 2-INP NAND BFR 18324 N7438(NB OR F8) 
A2U788 156-1080-01 MICROCKT,DGTL:HEX BUFFERS K/OC HV OUT,SCRN 01295 SN7407NP3 

A2U951 15S-0145-02 MICROCKT,DGTL:QUAO 2-INP NAND BFR 18324 N7438 (NB OR F8) 
A2VR239 152-0195-00 SEMICOND OVC,DI:ZEN,SI,5.1V,5%.0.4K.00-7 04713 SZ11755RL 
A2VR989 152-0195-00 SEMICOND OVC,OI:ZEN,SI,5.1V,5%.0.4K,DO-7 04713 SZ11755RL 
A2Y139 158-0253-00 XTAL UNIT,QTZ:32.768KHZ,0.011,ANTIRESONANT 00815 NE-3355XY 
A2Y477 119-191S-00 OSC,XTAL CLOCK:3.S864MHZ,0.01 08111 M1200-3.6864 MHZ 
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REPLACEABLE ELECTRICAL PARTS 

Tektronix Serial I Assembly No. Mfr. 
Com(:lonent No. Part No. Effective Dscont Name & Descri(:ltion Code Mfr. Part No. 
113 670-8n3-00 CIRCUIT BD IISSY:~EM EXP 80009 670-8773-00 

(OPTION 01) 
113 067-1227-00 FIXTURE,CIIL:DEBUG PORT 80009 067-1227-00 
113 067-1229-00 FIXTURE,CIIL:~EMORY EXPANSION DEBUG PORT 80009 067-1229-00 
113C130 281-0913-00 CIIP,FXD,CER DI:0.1UF,50V,IIXIIIL 04222 ~1I105E104ZII11 

(067-1227-00 & 067-1229-00 ONLY) 
113C144 281-0913-00 CIIP,FXD,CER DI:0.1UF,50V,IIXIIIL 04222 ~1I105E104ZII11 

(067-1227-00 & 067-1229-00 ONLY) 
113C160 281-0913-00 CIIP,FXD,CER DI:0.1UF,50V,IIXIIIL 04222 ~1I105E104ZAII 

(067-1227-00 & 067-1229-00 ONLY) 

113C1BO 281-0913-00 CIIP,FXD,CER DI:0.1UF,50V,IIXIIIL 04222 ~1I105E104ZII11 
(067-1227-00 & 067-1229-00 ONLY) 

113C270 281-0913-00 CIIP,FXD,CER DI:0.1UF,5OV,IIXIIIL 04222 ~1I105E104ZII11 
113C280 281-0913-00 CIIP,FXD,CER DI:0.1UF,SOY,IIXIIIL 04222 MA105E104ZII11 
113C350 281-0913-00 CAP,FXO,CER OI:0.1UF,50V,IIXIIIL 04222 MA105E104ZII11 
113C360 281-0913-00 CIIP,FXD,CER DI:0.1UF,50Y,IIXIIIL 04222 ~1I105E104ZAII 
113C410 283-0423-00 CIIP,FXD,CER DI:0.22UF,+80-20l,50V 04222 MOO 15E224 ZIIII 

(OPTION 01 & 067-1229-00 ONLY) 

113C420 283-0423-00 CIIP,FXO,CER DI:0.22UF,+80-20l,SOV 04222 ~D015E224lnA 
(OPTION 01 & 067-1229-00 ONLY) 

113C430 283-0423-00 CAP,FXD,CER OI:0.22UF,+80-20l,50V 04222 MD015E224ZAII 
(OPTION 01 & 067-1229-00 ONLY) 

113C440 283-0423-00 CIIP,FXO,CER OI:0.22UF,+80-20l,SDV 04222 MOO 15E224 ZIIII 
(OPTION 01 & 067-1229-00 ONLY) 

113C470 281-0913-00 CAP,FXO,CER DI:0.1UF,50V,IIXIIIL 04222 MA105E104ZII11 
(OPTION 01 & 067-1229-00 ONLY) 

113C480 281-0913-00 CIIP,FXO,CER OI:0.1UF,5OV,IIXIIIL 04222 MA105E104ZII11 
(OPTION 01 & 067-1229-00 ONLY) 

113C490 281-0913-00 CAP,FXO,CER DI:0.1UF,50V,IIXIIIL 04222 MA105E104ZII11 
(OPTION 01 & 067-1229-00 ONLY) 

113C510 283-0423-00 CIIP,FXO,CER OI:0.22UF,+80-20l,50V 04222 M001SE224ZAA 
(OPTION 01 & 067-1229-00 ONLY) 

113C520 283-0423-00 CAP,FXO,CER OI:0.22UF,+80-20X,50V 04222 MD015E224ZAA 
(OPTION 01 & 067-1229-00 ONLY) 

113C530 283-0423-00 CAP,FXO,CER DI:0.22UF,+80-20X,SDV 04222 MD015E224ZIIA 
(OPTION 01 & 067-1229-00 ONLY) 

113C540 283-0423-00 CIIP,FXD,CER OI:0.22UF,+80-20X,50V 04222 M0015E224lnA 
(OPTION 01 & 067-1229-00 ONLY) 

113C55O 281-0913-00 CIIP,FXO,CER DI:0.1UF,5OV,AXIIIL 04222 MII105E104ZAII 
(OPTION 01 & 067-1229-00 ONLY) 

113C560 281-0913-00 CAP,FXO,CER DI:0.1UF,50V,IIXIAl 04222 MII105E104ZAII 
(OPTION 01 & 067-1229-00 ONLY) 

113C610 283-0423-00 CIIP,FXD,CER OI:0.22UF,+80-20l,50V 04222 MD015E224ZII11 
(OPTION 01 & 067-1229-00 ONLY) 

113C62O 283-0423-00 CIIP,FXO,CER OI:0.22UF,+80-20X,50V 04222 MD015E224ZIIA 
(OPTION 01 & 067-1229~00 ONLY) 

113C630 283-0423-00 CAP,FXO,CER DI:0.22UF,+80-20l,50V 04222 MD015E224ZIIA 
(OPTION 01 & 067-1229-00 ONLY) 

113C640 283-0423-00 CIIP,FXO,CER DI:0.22UF,+80-20l,50V 04222 MD015E224ZAA 
(OPTION & 067-1229-00 ONLY) 

113C660 281-0913-00 CIIP,FXD,CER OI:0.1UF,50V,IIXIIIL 04222 MII1D5E104ZIIA 
(OPTION 01 & 067-1229-00 ONLY) 

113C670 281-0913-00 CIIP,FXD,CER DI:0.1UF,50V,IIXIlll 04222 M1I105E104ZII11 
(OPTION 01 & 067-1229-00 ONLY) 

113C680 281-0913-00 CIIP,FXO,CER DI:0.1UF,50V,IIXIIIL 04222 MA105E104ZIIA 
(OPTION 01 & 067-1229-00 ONLY) 

113C71 0 283-0423-00 CIIP,FXO,CER OI:0.22UF,+80-2OX,50V 04222 MOO 15E224 ZAA 
(OPTION 01 & 067-1229-00 ONLY) 

113C720 283-0423-00 CAP,FXO,CER DI:0.22UF,+80-20l,SDV 04222 MOO 15E224 ZIIA 
(OPTION 01 & 067-1229-00 ONLY) 

113C730 283-0423-00 CIIP,FXD,CER DI:0.22UF,+80-20X,50V 04222 MD015E224ZIIA 
(OPTION 01 & 067-1229-00 ONLY) 

113C740 283-0423-00 CIIP,FXO,CER DI:0.22UF,+80-20l,5OV 04222 MD015E224ZAA 
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REPLACEABLE ELECTRICAL PARTS 

Tektronix Serial! Assembly No. Mfr. 
Comeonent No. Part No. Effective Dscont Name & Descrietion Code Mtr. Part No. 

(OPTION 01 & 067-1229-00 ONLY) 
A3C820 283-0423-00 CAP,FXO,CER 01:0.22UF,+80-20I,SOV 04222 1IOO15E224ZAA 

(OPTION 01 & 067-1229-00 ONLY) 
A3C830 283-0423-00 CAP,FXO,CER OI:0.22UF,+80-2OX,SOV 04222 1IOO15E224 lAA 

(OPTION 01 & 067-1229-00 ONLY) 
A3C840 283-0423-00 CAP,FXO,CER OI:0.22UF,+80-2OX,SOV 04222 MD015E224ZAA 

(OPTION 01 & 067-1229-00 ONLY) 
A3C850 283-0423-00 CAP,FXO,CER OI:0.22UF,+80-2OX,SOV 04222 M0015E224ZAA 

(OPTION 01 & 067-1229-00 ONLY) 
A3C860 283-0423-00 CAP,FXO,CER OI:0.22UF,+80-2OX,SOV 04222 M001SE224ZAA 

(OPTION 01 & 067-1229-00 ONLY) 
A3C870 283-0423-00 CAP,FXO,CER OI:0.22UF,+80-2OX,SOV 04222 M001SE224ZAA 

(OPTION 01 & 067-1229-00 ONLY) 

A3C880 283-0423-00 CAP,FXO,CER OI:0.22UF,+80-2OX,50V 04222 M0015E224ZIlA 
(OPTION 01 & 067-1229-00 ONLY) 

A3C890 283-0423-00 CAP,FXO,CER DI:0.22UF,+80-2OX,SOV 04222 M0015E224ZAA 
(OPTION 01 & 067-1229-00 ONLY) 

A3C92D 283-0423-00 CAP,FXO,CER OI:0.22UF,+80-2OX,50V 04222 M0015E224ZIlA 
(OPTION 01 & 067-1229-00 ONLY) 

A3C930 283-0423-00 CAP,FXO,CER OI:0.22UF,+80-20I,50V 04222 MD015E224ZAA 
(OPTION 01 & 067-1229-00 ONLY) 

A3C940 283-0423-00 CAP,FXO,CER OI:0.22UF,+80-20I,SOV 04222 M001SE224ZIlA 
(OPTION 01 & 067-1229-00 ONLY) 

A3C950 283-0423-00 CAP,FXO,CER OI:0.22UF,+80-2OX,SOV 04222 M001SE224ZAIl 
(OPTION 01 & 067-1229-00 ONLY) 

A3C960 283-0423-00 CAP,FXO,CER OI:0.22UF,+80-20I,SOV 04222 MD01SE224ZAIl 
(OPTION 01 & 067-1229-00 ONLY) 

A3C97O 283-0423-00 CAP,FXO,CER OI:0.22UF,+80-2OX,SOV 04222 M001SE224ZIlA 
(OPTION 01 & 067-1229-00 ONLY) 

A3C980 283-0423-00 CAP,FXO,CER 01:0.22UF,+80-2OI,50V 04222 MD015E224ZAA 
(OPTION 01 & 067-1229-00 ONLY) 

1l3C990 283-0423-00 CAP,FXD,CER 01:0.22UF,+80-2OX,SOV 04222 MD015E224ZAA 
(OPTION 01 & 067-1229-00 ONLY) 

A3J152 131-2550-00 CONN,RCPT,ElEC:CKT 80,2 X 8,FEN 22526 65496-043 
(067-1227-00 & 067-1229-00 ONLY) 

A3P55 131-2964-00 CONN,RCPT,ElEC:FENAlE,3 X 32,RTANG 81312 0965-6043-0731-0 

A3R134 315-0472-00 RES,FXO,FILM:4.7K OHM,SI,0.25M 57668 NTR25J-E04K7 
(067-1227-00 & 067-1229-00 ONLY) 

A3R135 315-04n-00 RES,FXO,FILM:4.7K OHM,SI,0.25" 57668 NTR25J-E04K7 
(067-1227-00 & 067-1229-00 ONLY) 

A3R154 315-0103-00 RES,FXO,FILM:10K OHM,SI,O.25M 19701 5043CX10KOOJ 
(067-1227-00 & 067-1229-00 ONLY) 

A3R174 315-04n-00 RES,FXO,FILM:4.7K OHM,SI,O.25M 57668 NTR25J-E04K7 
A3R660 307-0649-00 RES NTMK,FXO,FI:8,33 OHM,21,O.125M 01121 3168330 

(OPTION 01 & 076-1229-00 ONLY) 
A3R716 315-0101-00 RES,FXO,FILM:100 OHM,SI,O.25M 57668 NTR25J-E 100E 

(OPTION 01 & 067-1229-00 ONLY) 

A35120 260-1962-00 S"ITCH,PUSH:SPOT,O.4VA,20V 09353 8125AE 
(067-1227-00 & 067-1229-00 ONLY) 

A3U10 156-0878-01 MICROCKT,OGTL:QUAO LINE RCVR 04713 MC1489LDS 
(067-1227-00 & 067-1229-00 ONLY) 

A3U110 156-0879-01 MICROCKT,OGTl:QUAO LINE DRIVER 04713 MC1488LD 
(067-1227-00 & 067-1229-00 ONLY) 

A3U12D 156-1987-00 MICROCKT,OGTl:ACIA,SCRN 34S76 R6551AP 
(067-1227-00 & 067-1229-00 ONLY) 

A3U135 156-1594-00 MICROCKT,OGTl:NMOS,2D48 X 8 SRAM TK101S HM6116P-3(0P-24) 
(067-1227-00 &067-1229-00 ONLY) 

A3U150 156-1594-00 MICROCKT,OGTl:NMOS,2048 X 8 SRAM TK1015 HM6116P-3(DP-24) 
(067-1227-00 & 067-1229-00 ONLY) 

A3U170 156-1n4-00 MICROCKT,OGTL:QUAO 2 INPUT OR GATE 04713 MC74F32ND 
(067-1227-00 & 067-1229-00 ONLY) 

A3U180 156-0384-02 MICROCKT,OGTl:QUAO 2-INP NAND GATE 07263 74LS03PCQR 
(067-1227-00 & 067-1229-00 ONLY) 
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REPLACEABLE ELECTRICAL PARTS 

Tektronix Serial! Assembly No. Mfr. 
ComQonent No. Part No. Effective Dscont Name & DescriQtion Code Mfr. Part No. 
A3U270 156-1800-00 MICROCKT,DGTL:ASTTL,QUAD 2 INPUT EXCLUSIVE 18324 N74F86(NB OR JB) 

(OPTION 01 & 067-1229-00 ONLY) 
A3U280 156-1725-00 MICROCKT ,DGTL:OCTAL BIDIRECTIONAL XCVR - 04713 MC74F245ND 
A3U31D 156-2151-00 MICROCKT,DGTL:NMOS,262144 X 1 DRAM 01295 TMS4256-12NL 

(OPTION 01 & 067-1229-00 ONLY) 
A3U320 156-2151-00 MICROCKT,DGTL:NMOS,262144 X 1 DRAM 01295 TMS4256-12NL 

(OPTION 01 & 067-1229-00 ONLY) 
A3U330 156-2151-00 MICROCKT,DGTL:NMOS,262144 X 1-DRAM 01295 TMS4256-12NL 

(OPTION 01 & 067-1229-00 ONLY) 
A3U340 156-2151-00 MICROCKT,DGTL:NMOS,262144 X 1 DRAM 01295 TMS4256-12NL 

(OPTION 01 & 067-1229-00 ONLY) 

A3U350 156-1962-00 MICROCKT,DGTL:OCTAL BUFFER/LINE DRIVER 04713 MC74F244N 
(OPTION 01 & 067-1229-00 ONLY) 

A3U360 156-1725-00 MICROCKT,DGTL:OCTAL BIOIRECTIONAL XCVR 04713 MC74F245ND 
A3U370 160-3111-00 MICROCKT,DGTL:ARRAY LOGIC,PRGM 80009 160-3111-011 
A3U380 156-1962-00 MICROCKT,DGTL:OCTAL BUFFER/LINE DRIVER 04713 MC74F244N 

(OPTION 01 & 067-1229-00 ONLY) 
A3U410 156-2151-00 MICROCKT,DGTL:NMOS,262144 X 1 DRAM 01295 TMS4256-12NL 

(OPTION 01 & 067-1229-00 ONLY) 
A3U420 156-2151-00 MICROCKT,OGTL:NMOS,262144 X 1 DRAM 01295 TMS4256-12NL 

(OPTION 01 & 067-1229-00 ONLY) 

A3U430 156-2151-00 MICROCKT,DGTL:NMOS,262144 X 1 DRAM 01295 TMS4256-12NL 
(OPTION 01 & 067-1229-00 ONLY) 

A3U440 156-2151-00 MICROCKT,DGTL:NMOS,262144 X 1 DRAM 01295 TMS4256-12NL 
(OPTION 01 & 067-1229-00 ONLY) 

A3U450 156-2001-00 MICROCKT,DGTL:TTL,QUAD 2-INPUT MULTIPLEXER 04713 MC74F257 
(OPTION 01 & 067-1229-00 ONLY) 

A3U460 156-2001-00 MICROCKT,DGTL:TTL,QUAD 2-INPUT MULTIPLEXER 04713 MC74F257 
(OPTION 01 & 067-1229-00 ONLY) 

A3U470 156-2001-00 MICROCKT,DGTL:TTL,QUAD 2-INPUT MULTIPLEXER 04713 MC74F257 
(OPTION 01 & 067-1229-00 ONLY) 

A3U480 156-1707-00 MICROCKT,DGTL:QUAO 2-INPUT NAND GATE 04713 MC7400(NOORJO) 
(OPTION 01 & 067-1229-00 ONLY) 

A3U490 156-1751-00 MICROCKT,DGTL:4-2-3-2 INP AND/OR INV GATE 04713 MC74F64NDS 
(OPTION 01 & 067-1229-00 ONLY) 

A3U510 156-2151-00 MICROCKT,DGTL:NMOS,262144 X 1 DRAM 01295 TMS4256-12NL 
(OPTION 01 & 067-1229-00 ONLY) 

A3U52O 156-2151-00 MICROCKT,DGTL:NMOS,262144 X 1 DRAM 01295 TMS4256-12NL 
(OPTION 01 & 067-1229-00 ONLY) 

A3U530 156-2151-00 MICROCKT,DGTL:NMOS,262144 X 1 DRAM 01295 TMS4256-12NL 
(OPTION 01 & 067-1229-00 ONLY) 

A3U540 156-2151-00 MICROCKT,DGTL:NMOS,262144 X 1 DRAM 01295 TMS4256-12NL 
(OPTION 01 & 067-1229-00 ONLY) 

A3U550 156-1869-00 MICROCKT,DGTL:OCTAL DYNAMIC MEMORY ORIVERS 34335 AM29650CB 
"/3-STATE OUT,SCRN 
(OPTION 01 & 067-1229-00 ONLY) 

A3U560 156-1962-00 MICROCKT,DGTL:OCTAL BUFFER/LINE DRIVER 04713 MC74F244N 
(OPTION 01 & 067-1229-00 ONLY) 

A3U570 156-1172-01 MICROCKT,DGTL:DUAL 4 BIT BIN CNTR 01295 SN74LS393NP3 
(OPTION 01 & 067-1229-00 ONLY) 

A3U580 156-1634-00 MICROCKT,DGTL:STTL,QUAD 2-INPUT 4-8IT REGIS 07263 74F399 PCQR 
TER,SCRN 
(OPTION 01 & 067-1229-00 ONLY) 

A3U590 156-0844-02 MICROCKT,DGTL:SYN 4 BIT CNTR 01295 SN74LS161A(NP3) 
(OPTION 01 & 067-1229-00 ONLY) 

A3U610 156-2151-00 MICROCKT,DGTL:NMOS,262144 X 1 DRAM 01295 TMS4256-12NL 
(OPTION 01 & 067-1229-00 ONLY) 

A3U62O 156-2151-00 MICROCKT,DGTL:NMOS,262144 X 1 DRAM 01295 TMS4256-12NL 
(OPTION 01 & 067-1229-00 ONLY) 

A3U630 156-2151-00 MICROCKT,DGTL:NMOS,262144 X 1 ORAM 01295 TMS4256-12NL 
(OPTION 01 & 067-1229-00 ONLY) 

A3U640 156-2151-00 MICROCKT,DGTL:NMOS,262144 X 1 DRAM 01295 TMS4256-12NL 
(OPTION 01 & 067-1229-00 ONLY) 
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REPLACEABLE ELECTRICAL PARTS 

Tektronix Serial/Assembly No. Mfr. 
Comeonent No. Part No. Effective Dscont Name & Descrietion Code Mfr. Part No. 
A3U650 156-1869-00 MICROCKT,DGTL:OCTAL DYNAMIC MEMORY DRIVERS 34335 AM2965DCB 

"/3-STATE OUT,SCRN 
(OPTION 01 & 067-1229-00 ONLY) 

A3U670 156-1973-00 MICROCKT,DGTL:STTL,QUAD 0 FF 07263 74F175PCQR 
(OPTION 01 & 067-1229-00 ONLY) 

A3U680 156-1973-00 MICROCKT,OGTL:STTL,QUAD 0 FF 07263 74F175PCQR 
(OPTION 01 & 067-1229-00 ONLY) 

A3U690 156-1869-00 MICROCKT,OGTL:OCTAL DYNAMIC MEMORY DRIVERS 34335 AM29650CB 
"/3-STATE OUT,SCRN 
(OPTION 01 & 067-1229-00 ONLY) 

A3Uno 156-2151-00 MICROCKT,DGTL:NMOS,262144 X 1 DRAM 01295 TMS4256-12NL 
(OPTION 01 & 067-1229-00 ONLY) 

A3U730 156-2151-00 MICROCKT,DGTL:NMOS,262144 X 1 DRAM 01295 TMS4256-12NL 
(OPTION 01 & 067-1229-00 ONLY) 

A3U740 156-2151-00 MICROCKT,DGTL:NMOS,262144 X 1 DRAM 01295 TMS4256-12NL 
(OPTION 01 & 067-1229-00 ONLY) 

A3U750 156-2151-00 MICROCKT,DGTL:NMOS,262144 X 1 DRAM 01295 TMS4256-12NL 
(OPTION 01 & 067-1229-00 ONLY) 

A3U760 156-2151-00 MICROCKT,DGTL:NMOS,262144 X 1 DRAM 01295 TMS4256-12NL 
(OPTION 01 & 067-1229-00 ONLY) 

A3UnO 156-2151-00 MICROCKT,DGTL:NMOS,262144 X 1 DRAM 01295 TMS4256-12NL 
(OPTION 01 & 067-1229-00 ONLY) 

A3U780 156-2151-00 MICROCKT,DGTL:NMOS,262144 X 1 DRAM 01295 TMS4256-12NL 
(OPTION 01 & 067-1229-00 ONLY) 

A3U790 156-2151-00 MICROCKT,DGTL:NMOS,262144 X 1 DRAM 01295 TMS4256-12NL 
(OPTION 01 & 067-1229-00 ONLY) 

A3U820 156-2151-00 MICROCKT,DGTL:NMOS,262144 X 1 DRAM D1295 TMS4256-12NL 
(OPTION 01 & 067-1229-00 ONLY) 

A3U830 156-2151-00 MICROCKT,DGTL:NMOS,262144 X 1 DRAM 01295 TMS4256-12NL 
(OPTION 01 & 067-1229-00 ONLY) 

A3U840 156-2151-00 MICROCKT,DGTL:NMOS,262144 X 1 DRAM 01295 TMS4256-12NL 
(OPTION 01 & 067-1229-00 ONLY) 

A3U850 156-2151-00 MICROCKT,DGTL:NMOS,262144 X 1 DRAM 01295 TMS4256-12NL 
(OPTION 01 & 067-1229-00 ONLY) 

A3U860 156-2151-00 MICROCKT,DGTL:NMOS,262144 X 1 DRAM 01295 TMS4256-12NL 
(OPTION 01 & 067-1229-00 ONLY) 

A3U870 156-2151-00 MICROCKT,DGTL:NMOS,262144 X 1 DRAM 01295 TMS4256-12NL 
(OPTION 01 & 067-1229-00 ONLY) 

A3U880 156-2151-00 MICROCKT,OGTL:NMOS,262144 X 1 DRAM 01295 TMS4256-12NL 
(OPTION 01 & 067-1229-00 ONLY) 

A3U890 156-2151-00 MICROCKT,DGTL:NMOS,262144 X 1 DRAM 01295 TMS4256-12NL 
(OPTION 01 & 067-1229-00 ONLY) 

A3Y210 119-1917-00 OSC,XTAL CLOCK:1.8432MHZ,0.01I,55/45 SYMMET 08111 M1236-1.8432M 
RY 
(067-1227-00 & 067-1229-00 ONLY) 
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Com(;!onent No. Part No. Effective Oscont Name & Oescri(;!tion Code Mfr. Part No. 

~ .. 119-19"2-00 8010100 8010180 POltER SUPPLY: 80009 119-19"2-00 
MC1 118-"596-00 C~P~CITOR:0."7UF,250V~C 514 .. 07 106-21350 
~"C2 118-"886-00 C~P~CITOR:0.00"7UF,25OV 5 .. 407 106-221"5 
~4C3 118-"886-00 C~P~CITOR:0.00"7UF,250V 54 .. 07 106-221"5 
~4C" 118-4596-00 C~P~CITOR:0."7UF,250V~C 54407 106-21350 
MC5 118-"598-00 C~P,FXO,ELCTLT:"70UF,200V 5 .... 07 101-21323 

A .. C6 118-"598-00 ~P,FXD,ELCTLT:"70UF,200V 5 .... 07 101-21323 
A4C7 118-"881-00 CAP,FXD,ELCTLT:0.01UF,100V,51 5 .... 07 10"-21016 
~4C8 118-5591-00 C~P,FXD,PLASTIC:1UF,5OV 5 .... 07 107-20549 
A4C9 118-5578-00 CAP~CITOR:FXO,0.01UF,100V 54407 10"-10095 
MC10 118-5578-00 CAP~CITOR:FXD,0.01UF,100V 54 .. 07 10"-10095 
A4C11 118-5615-00 CAP~CITOR:FXD,220PF,1KV 54407 105-10088 

~"C12 118-5591-00 C~P,FXD,PLASTIC:1UF,5DV 5 .... 07 107-20549 
A4C13 118-5615-00 C~PACITOR:FXD,220PF,1KV 54407 105-10088 
A4C14 118-5615-00 C~P~CITOR:FXD,220PF,1KV 54 .. 07 105-10088 
MC17 118-5579-00 C~P~CITOR:FXD,0.001UF,100V 54407 104-10093 
A4C18 118-4599-00 C~P,FXD,ELCTLT:330UF,35V 5 .... 07 101-21"18 
~"C19 118-5563-00 C~PACITOR:FXD,10UF,25V 5 .... 07 101-10114 

~4C20 118-4600-00 C~P,FXD,ELCTLT:1000UF,10V 54407 101-21417 
A4C21 118-4600-00 C~P,FXD,ELCTLT:1000UF,10V 54407 101-21417 
A .. C22 118-4600-00 C~P,FXD,ELCTLT:1000UF,10V 54407 101-21417 
MC23 118-4600-00 C~P, FXD ,ELCTLT: 1000UF, 10V 54407 101-21417 
A4C24 118-5601-00 C~P~CITOR:FXD,22UF,35V 54 .. 07 101-20923 
A4C25 118-"602-00 C~P,FXD,FILM:0.1UF,100V 514407 104-10094 

A4C26 -118-4602-00 C~P,FXD,FILM:0.1UF,100V 5 .. 407 104-10094 
A4C26 118-5578-00 C~P~CITOR:FXD,0.D1UF,100V 54 .. 07 104-10095 
A4C27 118-5602-00 C~P~CITOR:FXD,1UF,50V 54407 101-10111 
A4C2B 118-5590-00 C~P,FXO,PLASTIC:0.1UF,50V 54407 107-20548 
A4C29 118-4600-00 CAP, FXD,ELCTLT:1000UF,10V 5 .. 407 101-21417 
A4C30 118-"600-00 CAP,FXO,ELCTLT:1000UF,10V 54407 101-21417 

A .. C31 118-4600-00 C~P,FXO,ELCTLT:1000UF,10V 5 .. 407 101-21417 
MC33 118-5563-00 CAP~CITOR:FXD,10UF,25V 5 .. 407 101-10114 
~4C35 118-4599-00 C~P,FXD,ELCTLT:330UF,35V 5 .... 07 101-21418 
~4C38 118-5589-00 CAP,FXD,PLASTIC:0.1UF,500V 54 .. 07 105-21129 
A4C39 118-"880-00 C~P,FXD,ELCTLT:0.1UF,250V 5 .. 407 106-21348 
A4C43 118-5578-00 CAP~CITOR:FXD,0.01UF,100V 54 .. 07 104-10095 

A .. C44 118-5576-00 CAPACITOR:FXO,470PF,1KV 5 .... 07 105-10089 
A .. CR1 118-4733-00 SEMICOMO DVC,OI:4A,600V 54407 140-20056 
A4CR5 118-4876-00 SEMICONO OVC,OI:0.2A,100V 54407 111-20058 
~4CR6 118-4605-00 SEMICOMO DVC,OI:1~,1KV 514407 111-20939 
~4CR7 118-5565-00 SEMICOMD DVC,DI:1~,200V 54407 111-10251 
A4CRS 118-5565-00 SEMICOMO OVC,OI:1A,200V 54407 111-10251 

A4CR9 118-5565-00 SEMICOMO DVC,OI:1A,200V 54407 111-10251 
A4CR10 118-5565-00 SEMICOMD DVC,DI:1~,200V 514407 111-10251 
A4CR11 118-4606-00 SEMICOMD DVC,DI:1A,850V 54407 111-21337 
MCR12 118-4878-00 SEMICOMD DVC,DI:1A,2DOV 54407 111-21314 
A4CR13 118-4876-00 SEMICONO DVC,DI:0.2A,100V 54407 111-20058 
MCR14 118-4606-0D SEMICONO DVC,DI:1~,85OV 514407 111-21337 

A4CR15 118-4878-00 SEMICONO DVC,DI:1~,200V 54407 111-21314 
MCR16 118-4867-00 SEMICOMD DVC,DI:3~,85DV 54407 111-21388 
A4CR21 118-4607-00 SEMICOMD DVC,DI:3A,200V 54407 111-21305 
A4CR22 118-4876-00 SEMICOMD DVC,DI:0.2~,100V 54407 111-20058 
A4CR23 118-4876-00 SEMICOMO DVC,DI:0.2~,100V 54407 111-20058 
A4CR24 118-5587-00 SEMICOMD DVC,DI:ZENER,4.3V 54407 112-10267 

A4CR25 118-5597-00 SEMICOMO DVC,DI:ZENER,6.2V 54407 112-10007 
A4CR26 118-4876-00 SEMICOMD DVC,DI:O.2A,100V 54407 111-20058 
A4CR27 118-4876-00 SEMICONO DVC,DI:0.2A,100V 54407 111-2D058 
A4CR28 118-4607-00 SEMICOMD OVC,DI:3A,200V 54407 111-21305 
A4CR30 118-5598-00 SEMICONO DVC,DI:ZENER,5.6V 54407 112-1006 
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A4CR31 118-4876-00 SEMICONO OVC,OI:O.2A,100V 54407 111-20058 
A4CR32 118-4876-00 SEMICONO OVC,DI:0.2A,100V 54407 111-20058 
A40S1 118-5586-00 LT EMITTING DIO:NEON 54407 920-21875 
A4F1 118-4613-00 FUSE:5A ,25OV 54407 120-20880 
A4J1 131-2909-00 CONN,RCPT,ELEC:MOLEX,1 X 10,0.156 SPACING 27264 09-71-1101 
A4J2 118-4626-00 CONN,PLUG,ELEC:2 PIN 54407 899-21889 

A4L1 118-4586-00 INDUCTDR,EMI: 54407 082-75632 
A4L3 118-5613-00 INOUCTOR: 54407 082-75679 
A4L4 118-5614-00 INDUCTOR: 54407 082-75680 
A4L5 118-5613-00 INDUCTOR: 54407 082-75679 
A4Q1 118-4875-00 TRANSISTOR:PNP,60V 54407 172-10248 
A4Q2 118-5603-00 TRANSISTOR:100V,3A 54407 172-21109 

A4Q3 118-5604-00 TRANSISTOR:60V 54407 172-10249 
A4Q4 118-5605-00 TRANSISTOR:100V,3A 54407 172-21110 
A4Q5 118-5595-00 TRANSISTOR:850V,12A 54407 172-20595-5 
A4Q6 118-4595-00 TRANS I STOR :40V 54407 172-21718 
A4Q8 118-5594-00 TRANSISTOR:800MA,75V 54407 172-10247 
A4Q9 118-4875-00 TRANSISTOR:PNP,60V 54407 172-10248 

A4Q10 118-5594-00 TRANSISTOR:800MA,75V 54407 172-10247 
A4R1 301-0220-00 RES,FXD,FILM:22 OHM,Sl,0.5" 19701 5053CX22ROOJ 
A4R2 118-5550-00 RES,FXO,FILM:82K OHM,Sl,0.5" 54407 151-10411 
A4R3 118-5550-00 RES,FXO,FILM:82K OHM,Sl,0.5" 54407 151-10411 
A4R4 315-0153-00 RES,FXD,FILM:15K OHM,Sl,0.2SK 19701 5043CX15KOOJ 
A4R5 315-0102-00 RES,FXD,FILM:1K OHM,Sl,0.25" 57668 NTR25JE01KO 

A4R6 - 301-0101-00 RES,FXO,FILM:100 OHM,Sl,O.SK 01121 EB1015 
A4R7 118-5600-00 RESISTOR:FXD,1.5K OHM,1%,0.125" 54407 152-21423 
A4R8 315-0100-00 RES,FXO,FILM:10 OHM,Sl,0.25" 19701 5043CX10RROOJ 
A4R9 315-0472-00 RES,FXD,FILM:4.7K OHM,Sl,0.2SK 57668 NTR25J-E04K7 
A4R1D 315-0101-00 RES,FXD,FILM:100 OHM,Sl,0.2SK 57668 NTR25J-E 100E 
A4R11 315-0101-00 RES,FXD,FILM:'100 OHM,Sl,0.25" 57668 NTR25J-E 100E 

A4R12 315-0220-00 RES,FXO,FILM:22 OHM,Sl,0.25" 19701 5043CX22ROOJ 
A4R13 118-4868-00 RES,FXO,FILM:3.9K,5%,2" 54407 165-21193 
A4R14 118-4868-00 RES,FXD,FILM:3.9K,Sl,2" 54407 165-21193 
A4R15 118-5611-00 RESISTOR:FXD,0.5 OHM 54407 150-20292 
A4R16 118-5611-00 RESISTOR:FXO,0.5 OHM 54407 150-20292 
A4R17 118-5611-00 RESISTOR:FXO,0.5 OHM 54407 150-20292 

A4R18 315-0100-00 RES,FXD,FILM:10 OHM,Sl,0.2SK 19701 5043CX10RROOJ 
A4R19 118-5611-00 RESISTOR:FXO,0.5 OHM 54407 150-20292 
A4R2O 118-4738-00 RES,FXD,FILM:22 OHM,ZK,Sl 54407 165-20804 
A4R22 301-0102-00 RES,FXD,FILM:1K OHM,Sl,0.50" 19701 5053CX1KOOOJ 
A4R26 118-5592-00 RES,FXD,FILM:150 OHM,Sl,ZK 54407 165-21250 
A4R27 315-0102-00 RES,FXD,FILM:1K OHM,Sl,0.2SK 57668 NTR25JE01KO 

A4R29 315-0511-00 RES,FXD,FILM:510 OHM,Sl,0.25" 19701 5043CX510ROJ 
A4R30 315-0102-00 RES,FXO,FILM:1K OHM,Sl,0.25" 57668 NTR25JE01KO 
A4R31 315-0331-00 RES,FXD,FILM:330 OHM,Sl,0.25W !:>/668 NTR25J-E330E 
A4R32 118-4730-00 RES,FXO,FILM:100 OHM,ZK,Sl 54407 165-20799 
A4R33 315-0472-00 RES,FXO,FILM:4.7K OHM,Sl,0.2SK 57668 NTR25J-E04K7 
A4R34 315-0101-00 RES,FXD,FILM:100 OHM,Sl,0.25" 57668 NTR25J-E 100E 

A4R35 315-0101-00 RES, FXD, FI LM: 100 OHM ,Sl,0 .. 2SK 57668 NTR25J-E 100E 
A4R36 315-0101-00 RES,FXD,FILM:100 OHM,Sl,0.25" 57668 NTR25J-E 100E 
A4R36 315-0102-00 R~S,FXO,FILM:1K OHM,Sl,0.25" 57668 NTR25JE01KO 
A4R38 118-4590-00 RES,VAR,NON"":2K 54407 154-20261 
A4R39 315-0202-00 RES,FXD,FILM:2K OHM,Sl,0.25" 57668 NTR25J-E 2K 
A4R40 315-0101-00 RES,FXO,FILM:100 OHM,Sl,0.25" 57668 NTR25J-E 100E 

A4R41 315-0101-00 RES,FXO,FILM:100 OHM,Sl,0.25" 57668 NTR25J-E 100E 
A4R45 118-4868-00 RES,FXO,FILM:3.9K,Sl,ZK 54407 165-21193 
A4R52 118-5584-00 RES,FXO,FILM:1 OHM,Sl,0.25 54407 150-20293 
A4R52 118-5592-00 RES,FXD,FILM:15O OHM,Sl,ZK 54407 165-21250 
A4R53 315-0101-00 RES,FXO,FILM:100 OHM,Sl,0.25" 57668 NTR25J-E 100E 
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A4R54 315-0101-00 RES,FXD,FILM:100 OHM,5l,O.25" 57668 NTR25J-E 100E 
MR54 315-0102-00 RES,FXD,FILM:1K OHM,5l,O.25" 57668 NTR25JE01KO 
A4R55 315-0105-00 RES,FXD,FILM:1M OHM,5l,O.2~ 19701 5043CX1MOOOJ 
A4R56 118-4738-00 RES,FXD,FILM:22 OHM,~,5l 54407 165-20804 
A4RT1 118-4588-00 THERMISTOR:40 OHM 54407 159-21136 
A4SC1 118-5610-00 TRANSISTOR:0.8A,30V 54407 160-21115 

(SCHEMATIC DESIGNATES SCR1) 

A4S"1 118-5616-00 S" ITCH: ON-OFF 54407 909-21874 
A4S"2 118-5557-00 S"ITCH,SlIDE:115V/230V 54407 909-21873 
A4S"3 118-5557-00 S"ITCH,SlIDE:115V/230V 54407 909-21873 
A4T1 118-5612-00 TRANSFORMER: 54407 082-75631 
MT2 118-5560-00 CDIL,RF:CDRE,FERRITE 54407 232-20053 
A4U2 118-5574-00 MICROCKT,LINEAR:REGULATOR,UA723 54407 130-10287 

A4VR1 118-4732-00 RES,V SENSITIVE:510K,275V 54407 164-21380 
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M 119-2012-00 8010181 POWER SUPPLY:5.1V,+!-12V 80009 119-2012-00 
A4C1 118-4596-00 CAPACITOR:0.47UF,250VAC 54407 106-21350 
A4C2 118-4584-00 CAP ,FXO,PLASTIC:0.22UF,25OVAC 54407 106-21349 
MC3 118-4596-00 CAPACITOR:0.47UF,25OVAC 54407 106-21350 
A4C4 118-4597-00 CAPACITOR:0.0047UF,250VAC 54407 106-21347 
A4C5 118-4597-00 CAPACITOR:0.0047UF,250VAC 54407 106-21347 

MC6 118-4598-00 CAP,FXO,ELCTlT:470UF,200V ' 80009 118-4598-00 
MC7 118-4598-00 CAP ,FXO ,ELCTLT:470UF,200V 80009 118-4598-00 
MC8 118-4603-00 CAP,FXO,FILM:0.01UF,100V 54407 104-21016 
A4C9 118-4324-00 CAP,FXO,CER OI:470PF,1KV 54407 ECKC3A471K89 
1l4C10 283-0059-00 CIlP,FXO,CER OI:1UF,+80-2OI,50V 31433 C330C105M5R5CA 
A4C11 118-4603-00 CAP,FXD,FILM:0.01UF,100V 54407 104-21016 

A4C13 118-4599-00 CIlP,FXD,ELCTLT:330UF,35V 54407 101-2H18 
1l4C14 118-4600-00 CIlP,FXD,ElCTlT:1000UF,10V 54407 101-21417 
A4C15 118-4600-00 CAP,FXD,ElCTLT:1000UF,10V 54407 101-21417 
1l4C16 118-4600-00 CAP,FXD,ElCTLT:1000UF,10V 54407 101-21417 
A4C17 118-4599-00 CAP,FXD,ElCTLT:330UF,35V 54407 101-21418 
A4C18 118-4601-00 CIlP,FXD,ElCTLT:22UF,50V 54407 101-21742 

MC19 118-4603-00 CAP,FXD,FILM:0.01UF,100V 54407 104-21016 
MC20 118-4324-00 CAP,FXD,CER DI:470PF,1KV 54407 ECKC3A471KB9 
A4C21 11B-4602-00 CAP,FXD,FILM:0.1UF,100V 54407 . 104-10094 
A4C22 118-4603-00 CIlP,FXD,FILM:0.01UF,100V 54407 104-21016 
A4C23 118-4602-00 CIlP,FXD,FILM:0.1UF,100V 54407 104-10094 
MC24 290-0891-00 CIlP,FXD,ELCTLT:1UF,+75 -1OX,50V 556BO UlA1H010TEA 

114C25 283-0024-00 CIIP,FXD,CER DI:0.1UF,+80-20%,50V 04222 SR215C104MIlA 
114C26 290-0985-00 CAP,FXD,ELCTLT:10UF,20%,25V 55680 UHA1E100KFIIIISE 
A4C27 118-4600-00 CIlP,FXD,ElCTLT:1000UF,10V 54407 101-21417 
1l4C28 290-0985-00 CliP, FXD,ElCTlT:10UF,2OX,25V 55680 UHIl1E100KFIIIlSE 
1l4C29 283-0008-00 CIlP,FXD,CER DI:0.1UF,20%,500V 51642 500-S00-X7R-104M 
114C30 118-4603-00 CIIP,FXD,FILM:0.01UF,100V 54407 104-21016 

1l4C31 118-4600-00 CIlP,FXD,ELCTlT:1000UF,10V 54407 101-21417 
1l4C32 118-4600-00 CIlP,FXD,ElCTLT:1000UF,10V 54407 101-21417 
114CR1 118-4604-00 SEMICOND DVC,DI:BRIDGE,41l,600V 54407 140-20056 
114CR2 152-0398-00 SEMICOND DVC,DI:RECT,SI,200V,111 04713 SR3609Rl 
1l4CR3 152-0398-00 SEMICOND DVC,DI:RECT,SI,200V,111 04713 SR3609RL 
1l4CR4 152-0398-00 SEMICOND DVC,DI:RECT,SI,200V,11l 04713 SR3609RL 

MCRS 118-4605-00 SEMICOND DVC,DI:1A,1KV 54407 111-20939 
A4CR6 118-4605-00 SEMICOND DVC,DI:1A,1KV 54407 111-20939 
1l4CR7 118-4606-00 SEMICDND DVC,DI:111,850V 54407 111-21337 
1l4CR9 152-0398-00 SEMICOND DVC,DI:RECT,SI,200V,11l 04713 SR3609RL 
1l4CR10 152-0398-00 SEMICOND DVC,DI:RECT,SI,200V,11l 04713 SR3609RL 
1l4CR11 118-4607-00 SEMICOND DVC,DI:311,200V 54407 111-21305 

1l4CR12 118-4581-00 SEMICOND DVC,DI:241l,45V 54407 140-21954C 
1l4CR13 118-4594-00 SEMICOND DVC,DI:0.2I1,100V 54407 111-20058 
1l4CR14 118-4607-00 SEMICOND DVC,DI:3A,200V 54407 111-21305 
MCR15 118-4594-00 SEMICOND DVC,DI:0.2Il,100V 54407 111-20058 
1l4CR16 152-0395-00 SEMICOND DVC,DI:ZEN,SI,4.3V,5%,O.4" 04713 SZG35009K18 
1l4CR17 152-0166-00 SEMICOND DVC,DI:ZEN,SI,6.2V,5%,0.4",DO-7 04713 SZ11738Rl 

MCR18 118-4594-00 SEMICOND DVC,DI:0.21l,100V 54407 111-20058 
1l4CR19 118-4594-00 SEMICOND DVC,01:0.21l,100V 54407 111-20058 
MCR20 152-0175-00 SEMICOND DVC,DI:ZEN,SI,5.6V,5%,0.4",DO-7 14552 TD3810976 
114CR21 118-4594-00 SEMICOND DVC,DI:0.2A,100V 54407 111-20058 
114CR22 118-4594-00 SEMICOND DVC,DI:0.2I1,100V 54407 111-20058 
114F1 118-4613-00 FUSE: 511 ,250V 80009 118-4613-00 

114J1 131-1737-00 CONN,RCPT,ELEC:CKT 80,9 CONTIICTS,"!LOCKING 00779 350712-1 
EARS 

114J2 131-2909-00 CONN,RCPT,ELEC:MOLEX,1 X 10,0.156 SPliCING 27264 09-71-1101 
114L1 118-4586-00 INDUCTOR,EMI: 54407 082-75632 
114L2 118-4585-00 INDUCTOR: 54407 082-75005 
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A4L3 118-4587-00 INDUCTOR: 54407 082-75709 
A4L4 118-4585-00 INDUCTOR: 54407 082-75005 
A4Q1 151-0087-00 TRANSISTOR:PNP,SI,TO-18 07263 SOO5871 
MQ2 151-0309-00 TRANSISTOR:NPN,SI,T078 04713 SD3167 
A4Q3 151-0309-00 TRANSISTOR:NPN,SI,T078 04713 SD3167 
A4Q4 151-0632-00 TRANSISTOR:NPN,SILICON,TO-22O 04713 SJE1946 

A4Q5 118-4595-00 TRANSISTOR:40V 54407 172-21718 
A4Q6 151-0087-00 TRANSISTOR:PNP,SI,TO-18 07263 S005871 
A4Q7 151-0309-00 TRANSISTOR:NPN,SI,T078 04713 S03167 
A4Q8 151-0645-00 TRANSISTOR:NPN,SI,TO-92 03508 MPSA06 
A4R1 315-0105-00 RES,FXD,FILM:1M OHM,51,0.25" 19701 5043CX1MOOOJ 
A4R2 303-0514-00 RES,FXD,CMPSN:510K OHM,51,1" 01121 G85145 

A4R3 118-4591-00 RESISTOR:6.8K,5" 54407 165-21252 
MR4 303-0150-00 RES,FXD,CMPSN:150HM,51,1" 01121 G81505 
A4R5 315-0331-00 RES,FXD,FILM:330 OHM,51,0.25" 57668 NTR25J-E330E 
MR6 315-0101-00 RES,FXD,FILM:100 OHM,51,0.25" 57668 NTR25J-E 100E 
A4R7 315-0101-00 RES,FXD,FILM:100 OHM,51,0.25" 57668 NTR25J-E 100E 
A4R8 118-4592-00 RESISTOR:0.5 OHM,0.25",51 54407 150-20292 

A4R9 118-4592-00 RESISTOR:0.5 OHM,0.25K,51 54407 150-20292 
MR10 118-4592-00 RESISTOR:0.5 OHM,0.25",51 54407 150-20292 
A4R11 315-0102-00 RES,FXD,FILM:1K OHM,51,0.25" 57668 NTR25JE01KO 
A4R12 315-0202-00 RES,FXD,FILM:2K OHM,51,0.25" 57668 NTR25J-E 2K 
A4R13 315-0101-00 RES,FXD,FILM:100 OHM,51,0.25" 57668 NTR25J-E 100E 
A4R14 315-0103-00 RES,FXD,FILM:10K OHM,51,0.25" 19701 5043CX10KOOJ 

A4R15 315-0202-00 RES,FXD,FILM:2K OHM,51,0.25K 57668 NTR25J-E 2K 
A4R16 315-0511-00 RES,FXD,FILM:510 OHM,51,0.25" 19701 5043CX510ROJ 
A4R17 315-0331-00 RES,FXD,FILM:330 OHM,51,0.25" 57668 NTR25J-E330E 
A4R18 305-0101-00 RES,FXD,CMPSN:100 OHM,51,ZK 01121 H81015 
A4R19 315-0101-00 RES,FXD,FILM:100 OHM,51,0.25" 57668 NTR25J-E 100E 
A4R20 315-0302-00 RES,FXD,FILM:3K OHM,51,0.25" 57668 NTR25J-E03KO 

A4R21 315-0103-00 RES,FXD,FILM:10K OHM,51,0.25" 19701 5043CX10KOOJ 
A4R22 315-0101-00 RES,FXD,FILM:100 OHM,51,0.25" 57668 NTR25J-E 100E 
A4R23 315-0101-00 RES,FXD,FILM:100 OHM,51,0.25" 57668 NTR25J-E 100E 
A4R24 305-0151-00 RES,FXD,CMPSN:150 OHM,51,ZK 01121 H81515 
A4R25 118-4590-00 RES,VAR,NON"":2K 54407 154-20261 
A4R26 315-0202-00 RES,FXD,FILM:2K OHM,51,0.25" 57668 NTR25J-E 2K 

A4R27 305-0151-00 RES,FXD,CMPSN:150 OHM,51,2" 01121 H81515 
A4R28 305-0220-00 RES,FXD,CMPSN:22 OHM,51,2" 01121 H82205 
A4R29 315-0101-00 RES,FXD,FILM:100 OHM,51,0.25" 57668 NTR25J-E 100E 
A4R30 315-0331-00 RES,FXO,FILM:330 OHM,51,0.25" 57668 NTR25J-E330E 
A4RT1 118-4588-00 THERMISTOR:40 OHM 54407 159-21136 
A4SC1 151-0503-00 SCR:SI,TO-92 04713 SCR5138 

(SCHEMATIC DESIGNATES SCR1) 

A4S"1 260-2047-01 S"ITCH ,PUSH: DPST ,4A,250V 31918 601805 
A4S"2 260-2116-00 S"ITCH,SLIDE:DPDT,10A,125VAC,LINE SEL 22753 SE1022SCCEPRHKRA 
MS"3 260-2116-00 S"ITCH,SLIDE:DPDT,10A,125VAC,LINE SEL 22753 SE1022SCCEPRHKRA 
A4T1 118-4612-00 TRANSFORMER: 54407 082-75710 
A4U1 156-0071-00 MICROCKT,LINEAR:VOLTAGE REGULATOR 04713 MC1723CL 
A4VR1 118-4589-00 RES,VARISTOR:275V 54407 164-21380 
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REPLACEABLE ELECTRICAL PARTS 

Tektronix Serial/Assembly No. Mfr. 
Component No. Part No. Effective Dscont Name & Description Code Mfr. Part No. 

AS 119-1872-00 KEYBOARO ASSY: 80009 119-1872-00 
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REPLACEABLE ELECTRICAL PARTS 

Tektronix Seriall Assembly No. Mfr. 
Comeonent No. Part No. Effective Dscont Name & Descrij;!tion Code Mfr. Part No. 

A5A1 118-4022-00 KEYBOARD ASSY:M/O ENCLOSURE 80009 118-4022-00 
A5A1C1 281-0819-00 CAP,FXD,CER 01:33 PF,Sl,50V 04222 GC105A330J 
A5A1C2 118-3189-00 CAP,FXO,ELCTLT:10UF,10V 51181 32-00106-010 
ASA1C3 281-0819-00 CAP,FXD,CER DI:33 PF,Sl,50V 04222 GC105A330J 
115111C4 281-0819-00 CAP,FXD,CER DI:33 PF,Sl,50V 04222 GC10511330J 
A5A1C5 281-0819-00 CAP,FXD,CER Dl:33 PF,Sl,50V 04222 GC105A33OJ 

A5A1C6 290-0284-00 CAP ,FXD ,ELCTLT:4.7UF,10l,35V 05397 T110B475K035AS 
A5A1C8 281-0819-00 CAP,FXD,CER DI:33 PF,Sl,SOV 04222 GC105A330J 
A5A1C9 281-0819-00 CAP,FXD,CER DI:33 PF,Sl,SOV 04222 GC105A330J 
A5A1C10 290-0535-00 CIIP,FXD,ELCTLT:33UF,2Ol,10V TANTALUM 56289 196D336X0010KA1 
ASA1C11 281-0819-00 CAP,FXD,CER DI:33 PF,Sl,SOV 04222 GC105A330J 
A5A1CR2 118-3003-00 SEMICOND DVC ,DI: 51181 21-04148-000 

A5A1CR3 118-3003-00 SEMICOND DVC,DI: 51181 21-04148-000 
A5A1CR4 118-3003-00 SEMICOND DVC,OI: 51181 21-04148-000 
ASA1CR9 150-1036-00 LT EMITTING 010:RED,6SONM,40MA MAX 58361 tl6878/MV5074C 
A5A1J1 118-3001-00 CONN,RCPT,ELEC:RTANG,6 PIN 51181 39-00757-000 
A5A1JS1 118-3033-00 SMITCH ASSY: 51181 61-04032-001 
ASA1R1 315-0471-00 RES,FXD,FILM:470 OHM,Sl,0.25M 57668 NTR25J-E470E 

A5A1R6 315-0121-00 RES,FXO,FILM:120 OHM,Sl,0.25M 19701 5043CX120ROJ 
A5A1R7 315-0332-00 RES,FXD,FILM:3.3K OHM,Sl,D.25M 57668 NTR25J-E03K3 
A5A1R8 315-0821-00 RES,FXD,FILM:820 OHM,Sl,0.25M 19701 5043CX820ROJ 
A5A1R9 315-0181-00 RES,FXD,FILM:180 OHM,Sl,0.25M 57668 NTR25J-E180E 
A5A1R10 315-0331-00 RES,FXO,FILM:330 OHM,Sl,0.25M 57668 NTR25J-E330E 
A5A1R11 315-0271-00 RES,FXD,FILM:270 OHM,Sl,O.25M 57668 NTR25J-E270E 

ASA1R13 315-0332-00 RES,FXO,FILM:3.3K OHM,Sl,O.25M 57668 NTR25J-E03K3 
A511151 260-2176-00 5M,CAPACITIVE:30MM,LOM PROFILE 80009 260-2176-00 
115A152 260-2176-00 SM,CAPIICITIVE:30MM,LOM PROFILE 80009 260-2176-00 
A5A1S3 260-2176-00 SM,CAPACITIVE:30MM,LOM PROFILE 80009 260-2176-00 
ASII1S4 260-2176-00 SM,CAPACITIVE:30MM,LOM PROFILE 80009 260-2176-00 
A5111S5 260-2176-00 SM,CAPACITIVE:30MM,LOM PROFILE 80009 260-2176-00 

11511156 260-2176-00 SM,CIIPACITIVE:30MM,LOM PROFILE 80009 260-2176-00 
A5A157 260-2176-00 SM,CAPACITIVE:30MM,LOM PROFILE 80009 260-2176-00 
A5A158 260-2176-00 5M,CAPACITIVE:30MM,LOM PROFILE 80009 260-2176-00 
A5A159 260-2176-00 SM,CAPACITIVE:30MM,LOM PROFILE 80009 260-2176-00 
A5A1S10 260-2176-00 SM,CAPACITIVE:30MM,LOM PROFILE 80009 260-2176-00 
A5A1S11 260-2176-00 SM,CAPACITIVE:30MM,LOM PROFILE 80009 260-2176-00 

A5A1S12 260-2176-00 SM,CAPACITIVE:30MM,LOM PROFILE 80009 260-2176-00 
ASA1513 260-2176-00 5M,CAPACITIVE:30MM,LOM PROFILE 80009 260-2176-00 
ASA1S14 260-2176-00 5M,CAPACITIVE:30MM,LOM PROFILE 80009 260-2176-00 
A5A1515 260-2176-00 SM,CAPACITIVE:30MM,LOM PROFILE 80009 260-2176-00 
ASA1516 260-2176-00 SM,CAPACITIVE:30MM,LOM PROFILE 80009 260-2176-00 
ASA1S17 260-2176-00 SM,CIIPACITIVE:30MM,LOM PROFILE 80009 260-2176-00 

A5A1518 260-2176-00 SM,CAPIICITIVE:30MM,LOM PROFILE 80009 260-2176-00 
ASA1S19 260-2176-00 5M,CAPIICITIVE:30MM,LOM PROFILE 80009 260-2176-00 
A5A1S20 260-2176-00 SM,CAPACITIVE:30MM,LOM PROFILE 80009 260-2176-00 
A5A1S21 260-2176-00 SM,CIIPACITIVE:30MM,LOM PROFILE 80009 260-2176-00 
A5A1S22 260-2176-00 SM,CAPACITIVE:30MM,LOM PROFILE 80009 260-2176-00 
A5A1S23 260-2176-00 5M,CAPACITIVE:30MM,LOM PROFILE 80009 260-2176-00 

ASA1S24 260-2176-00 5M,CAPACITIVE:30MM,LOM PROFILE 80009 260-2176-00 
A5A1S25 260-2176-00 SM,CAPACITIVE:30MM,LOM PROFILE 80009 260-2176-00 
ASA1526 260-2176-00 SM,CAPACITIVE:30MM,LOM PROFILE 80009 260-2176-00 
115A1527 260-2176-00 5M,CIIPACITIVE:30MM,LOM PROFILE 80009 260-2176-00 
ASA1S28 260-2176-00 5M,CAPACITIVE:30MM,LOM PROFILE 80009 260-2176-00 
115A1529 260-2176-00 SM,CAPACITIVE:30MM,LOM PROFILE 80009 260-2176-00 

A5A1530 260-2176-00 SM,CAPACITIVE:30MM,LOM PROFILE 80009 260-2176-00 
A5A1531 260-2176-00 5M,CAPACITIVE:30MM,LOM PROFILE 80009 260-2176-00 
ASA1532 260-2176-00 5M,CAPACITIVE:30MM,LOM PROFILE 80009 260-2176-00 
ASA1533 260-2176-00 5M,CAPACITIVE:30MM,LOM PROFILE 80009 260-2176-00 
ASA1S34 260-2176-00 5M,CAPACITIVE:30MM,LOM PROFILE 80009 260-2176-00 
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REPLACEABLE ELECTRICAL PARTS 

Tektronix Serial! Assembly No. Mfr. 
ComQ2nent No. Part No. Effective Dscont Name & DescriQtion Code Mfr. Part No. 

A5A1S35 260-2176-00 SW,CAPACITIVE:30MM,LOW PROFILE 80009 260-2176-00 
A5A1S36 260-2176-00 SW,CAPACITIVE:30MM,LOW PROFILE 80009 260-2176-00 
A5A1537 260-2176-00 SW,CAPACITIVE:30MM,LOW PROFILE 80009 260-2176-00 
A5A1538 260-2176-00 SW,CAPACITIVE:30MM,LOW PROFILE 80009 260-2176-00 
A5A1539 260-2176-00 SW,CAPACITIVE:30MM,LOW PROFILE 80009 260-2176-00 
A5A1540 260-2176-00 SW,CAPACITIVE:30MM,LOM PROFILE 80009 260-2176-00 

A5A1541 260-2176-00 SM,CAPACITIVE:30MM,LOM PROFILE 80009 260-2176-00 
A5A1542 260-2176-00 5M,CAPACITIVE:30MM,LOW PROFILE 80009 260-2176-00 
A5A1543 260-2176-00 SM,CAPACITIVE:30MM,LOW PROFILE 80009 260-2176-00 
A5A1544 260-2176-00 SM,CAPACITIVE:30MM,LOW PROFILE 80009 260-2176-00 
A5A1545 118-3018-00 SI'IITCH: 51181 61-04031-002 

(LEFT SWITCH) 
A5A1S45 118-3029-00 SWITCH: 51181 61-04031-001 

(RIGHT SWITCH) 

A5A1S46 260-2177-00 SW,CAPACITIVE:30MM,LOW PROFILE W/LEO 80009 260-2177-00 
A5A1547 260-2176-00 SW,CAPACITIVE:30MM,LOW PROFILE 80009 260-2176-00 
A5A1S48 260-2176-00 SM,CAPACITIVE:30MM,LOW PROFILE 80009 260-2176-00 
A5A1549 260-2176-00 SW,CAPACITIVE:30MM,LOW PROFILE 80009 260-2176-00 
A5A1S50 260-2176-00 SW,CAPACITIVE:30MM,LOW PROFILE 80009 260-2176-00 
A5A1551 260-2176-00 SW,CAPACITIVE:30MM,LOW PROFILE 80009 260-2176-00 

A5A1S52 260-2176-00 SW,CAPACITIVE:30MM,LOW PROFILE 80009 260-2176-00 
A5A1S53 260-2176-00 SW,CAPACITIVE:30MM,LOH PROFILE 80009 260-2176-00 
A5A1S54 260-2176-00 SW,CAPACITIVE:30MM,LOH PROFILE 80009 260-2176-00 
A5A1555 260-2176-00 SW,CAPACITIVE:30MM,LOH PROFILE 80009 260-2176-00 
A5A1556 260-2176-00 SW,CAPACITIVE:30MM,LOW PROFILE 80009 260-2176-00 
A5A1557 260-2176-00 SW,CAPACITIVE:30MM,LOM PROFILE 80009 260-2176-00 

A5A1Ssa 260-2176-00 SM,CAPACITIVE:30MM,LOM PROFILE 80009 260-2176-00 
A5A1559 260-2176-00 SM,CAPACITIVE:30MM,LOM PROFILE 80009 260-2176-00 
A5A1S60 260-2176-00 SM,CAPACITIVE:30MM,LOW PROFILE 80009 260-2176-00 
A5A1561 260-2176-00 SW,CAPACITIVE:30MM,LOW PROFILE 80009 260-2176-00 
A5A1S62 260-2176-00 SW,CAPACITIVE:30MM,LOW PROFILE 80009 260-2176-00 
A5A1S63 260-2176-00 SW,CAPACITIVE:30MM,LOH PROFILE 80009 260-2176-00 

A5A1S64 260-2176-00 SW,CAPACITIVE:30MM,LOW PROFILE 80009 260-2176-00 
A5A1S65 260-2176-00 SM,CAPACITIVE:30MM,LOH PROFILE 80009 260-2176-00 
A5A1S66 260-2176-00 SM,CAPACITIVE:30MM,LOH PROFILE 80009 260-2176-00 
A5A1S67 260-2176-00 5M,CAPACITIVE:30MM,LOH PROFILE 80009 260-2176-00 
A5A1S68 260-2176-00 SM,CAPACITIVE:30MM,LOH PROFILE 80009 260-2176-00 
ASA1S69 260-2176-00 SH,CAPACITIVE:30MM,LOW PROFILE BOO09 260-2176-00 

A5A1S70 260-2176-00 SW,CAPACITIVE:30MM,LOM PROFILE BOO09 260-2176-00 
A5A1S71 260-2176-00 SW,CAPACITIVE:30MM,LOW PROFILE 80009 260-2176-00 
A5A1S72 260-2176-00 SW,CAPACITIVE:30MM,LOW PROFILE BOO09 260-2176-00 
A5A1S73 118-3018-00 SMITCH: 51181 61-04031-002 

(LEFT SMITCH) 
A5A1573 118-3029-00 SHITCH: 511B1 61-04031-001 

(RIGHT SWITCH) 
A5A1574 260-2176-00 SW,CAPACITIVE:30MM,LOW PROFILE BOO09 260-2176-00 

A5A1S75 260-2176-00 SW,CAPACITIVE:30MM,LOW PROFILE BOO09 260-2176-00 
A5A1576 260-2176-00 SW,CAPACITIVE:30MM,LOW PROFILE 80009 260-2176-00 
A5A1S77 260-2176-00 SW,CAPACITIVE:30MM,LOW PROFILE 80009 260-2176-00 
A5A1578 260-2176-00 5M,CAPACITIVE:30MM,LOM PROFILE 80009 260-2176-00 
A5A1S79 260-2176'00 5M,CAPACITIVE:30MM,LOM PROFILE 80009 260-2176-00 
A5A1580 260-2176-00 SM,CAPACITIVE:30MM,LO" PROFILE 80009 260-2176-00 

A5A1S81 260-2176-00 S",CAPACITIVE:30MM,LO" PROFILE BOO09 260-2176-00 
A5A1S82 260-2176-00 S",CAPACITIVE:30MM,LO" PROFILE BOO09 260-2176-00 
A5A1S83 260-2176-00 5W,CAPACITIVE:30MM,LO" PROFILE BOO09 260-2176-00 
A5A1S84 260-2176-00 SW,CAPACITIVE:30MM,LOW PROFILE 80009 260-2176-00 
A5A1585 260-2176-00 SW,CAPACITIVE:30MM,LOW PROFILE BOO09 260-2176-00 
ASA1S86 260-2176-00 SM,CAPACITIVE:30MM,LOW PROFILE 80009 260-2176-00 

A5A1U1 118-0941-00 MICROCKT,LINEAR:KYBD OETECTOR,CAPACITIVE 51181 22-00908-016 
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REPLACEABLE ELECTRICAL PARTS 

Tektronix Serial! Assembly·· No . Mfr. 
Com~onent No. Part No. Effective Dscont Name & Descri~tion Code Mfr. Part No. 

A5A1U2 118-0973-00 MICROCKT,DGTL:TTL,X-LINE DRIVER 51181 22-00950-016 
A5A1U3 118-3024-00 MICROCKT,DGTL:CUSTOM KEYTRONICS 51181 20-08048-473 
A5A1U4 156-0153-02 MICROCKT,DGTL:HEX INVERTER BUFFER 18324 N7406(N8 OR Fa) 
A5A1U5 156-1080-01 MICROCKT,DGTL:HEX BUFFERS H/OC HV OUT,SCRN 01295 SN7407NP3 
A5A1U6 156-0277-01 MICROCKT,LINEAR:POSITIVE VOLTAGE REGULATOR 04713 MC7805CTO 
A5A1Y1 118-3011-00 XTAL UNIT,QTZ:4.608MHZ 51181 48-00300-107 

A5A111 118-3012-00 MICROCKT,HYBRID: 51181 22-00920-000 
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REPLACEABLE ELECTRICAL PARTS 

Tektronix Serial! Assembly No. Mfr. 
Com~onent No. Part No. Effective Dscont Name & Descri~tion Code Mfr. Part No. 
116 670-8174-03 8010100 8010249 CIRCUIT BO IlSSY:FlEX DISK CONT BOO09 670-B174-03 
116 670-8174-04 B010250 B030415 CIRCUIT BO IlSSY:FLEX DISK CONT 80009 670-8174-04 
A6 670-B174-05 B030416 CIRCUIT SO IISSY:FLEX DISK CONT 80009 670-B174-05 
A6C13 290-0755-00 CAP,FXD,ELCTLT:100UF,+5DX-10X,10V 54473 ECE-1l10V100L 
1l6C25 283-0421-00 CAP,FXD,CER DI:0.1UF,+80-2DX,5OV 04222 MD015C104101111l 
116C130 283-0421-00 CAP,FXD,CER DI:D.1UF,+80-2DX,50V 04222 1oI0015C104MAA 

116C140 283-0421-00 CAP,FXO,CER OI:0.1UF,+80-20X,50V 04222 MD015C1041011lA 
116C145 283-0421-00 CIIP,FXO,CER OI:0.1UF,+80-20I,50V 04222 1oIOO15C104101AA 
A6C150 283-0421-00 CIIP,FXD,CER DI:0.1UF,+BO-20X,50V 04222 MOO15C104101AA 
A6C155 283-0421-00 CAP,FXD,CER DI:0.1UF,+80-2DX,50V 04222 IoID015C104101AIl 
1l6C160 283-0421-00 CAP,FXD,CER DI:0.1UF,+80-20X,50V 04222 M0015C1041011l1l 
1l6C165 283-0421-00 CAP,FXO,CER DI:0.1UF,+BO-20X,50V 04222 M0015C104MIIIl 

A6C210 2B3-0421-00 CIIP,FXO,CER DI:0.1UF,+BO-20X,50V 04222 M0015C104MIlli 
1l6C220 283-0421-00 CIIP,FXO,CER DI:0.1UF,+80-20X,50V 04222 1oI0015C1041011111 
116C225 283-0421-00 CAP,FXO,CER OI:0.1UF,+80-2DX,50V 04222 1oI0015C1041011111 
116C230 283-0421-00 CIIP,FXO,CER 01:0.1UF,+80-20X,50V 04222 1oI0015C104MIIII 
116C235 283-0421-00 CAP,FXO,CER 01:0.1UF,+BO-2DX,50V 04222 1oI0015C104MIIII 
116C240 283-0421-00 CIIP,FXO,CER OI:0.1UF,+80-20X,50V 04222 M0015C104MIIII 

1l6C245 283-0421-00 CIIP,FXO,CER OI:0.1UF,+80-20X,50V 04222 MOO 15C 1 041011111 
1l6C250 283-0421-00 CAP,FXO,CER 01:0.1UF,+80-20X,50V 04222 M0015C104MIIII 
A6C255 283-0421-00 CIIP,FXD,CER 01:0.1UF,+80-20X,50V 04222 MD015C104MIIII 
1l6C260 283-0421-00 CIIP,FXO,CER OI:0.1UF,+80-20X,50V 04222 M0015C104141111 
1l6C265 283-0421-00 CIIP,FXO,CER 01:0.1UF,+80-20X,50V 04222 1oI0015C104141111 
1l6C355 290-0247-00 CIlP,FXO,ELCTLT:5.6UF,10X,6V 05397 T322B565K00611S 

1l6C455 290-0247-00 CIlP,FXO,ELCTLT:5.6UF,10X,6V 05397 T322B565K006AS 
1l6J1 131-3258-00 CONN,RCPT,ELEC:HEIlOER,1 X 2,0.176 SPIlCING 27264 09-61-1021 
1l6J2 131-2401-00 CONN,RCPT,ELEC:2 X 25,MALE TK1483 082-2543-5010 
1l6J3 131-060B-00 TERMINIlL,PIN:0.365 L X 0.025 BRZ GLD PL 22526 48283-036 

(QUIINTITY OF 2) 
A6J4 131-2401-00 CONN,RCPT,ELEC:2 X 25,MIlLE TK1483 082-2543-5010 
1l6J5 131-060B-00 TERMINAL,PIN:0.365 L X 0.025 SRI GLD PL 22526 482B3-036 

(QUIlNTITY OF 6) 

A6J6 131-0608-00 TERMINIlL,PIN:0.365 L X 0.025 BRZ GLD PL 22526 48283-036 
(QUIlNTI TY OF 8) 

A6J7 131-0608-00 TERIoIINIlL,PIN:0.365 L X 0.025 SRI GLD PL 22526 48283-036 
(QUIlNTITY OF 3) 

1l6J8 131-0608-00 TERIINAL,PIN:0.365 L X 0.025 BRI GLD PL 22526 48283-036 
(QUIlNTITY OF 2) 

1l6R10 315-0202-00 RES,FXO,FILM:2K OHIoI,SI,0.25M 57668 NTR25J-E 2K 
1l6R12 315-0202-00 RES,FXO,FILM:2K OHIoI,SI,0.25M 57668 NTR25J-E 2K 
1l6R15 315-0102-00 RES,FXD,FILM:1K OHIoI,SI,0.25" 57668 NTR25JE01KO 

1l6R50 307-0847-00 RES NT"K,FXO,FI:12 X 220 OHM,12 X 330 OHM, 01121 314E221331 
SI,0.125M 

1l6R57 315-0202-00 RES,FXD,FILM:2K OHIoI,SI,0.25M 5766B NTR25J-E 2K 
1l6R58 315-0202-00 RES,FXD,FILM:2K OHIoI,SI,0.25" 5766B NTR25J-E 2K 
1l6R59 315-0202-00 RES,FXD,FILM:2K OHM,SI,0.25" 57668 NTR25J-E 2K 
A6R60 307-0847-00 RES NT"K,FXO,FI:12 X 220 OHM,12 X 330 OHM, 01121 314E221331 

SI,0.125M 

1l6R120 315-0202-00 RES,FXO,FILM:2K OHM,SI,0.25" 5766B NTR25J-E 2K 
1l6R140 315-0102-00 670-8174-05 RES,FXD,FILM:1K OHM,SI,0.25" 57668 NTR25JE01KO 
1l6R260 315-0101-00 RES,FXD,FILM:100 OHM,SI,0.25" 57668 NTR25J-E 100E 
A6R335 307-0348-00 RES,FXD,FILM:13 RES NET"ORK 03888 PD14L 1500HIoI GB 
A6R354 315-0105-00 RES,FXD,FILM:1M OHM,SI,0.25" 19701 5043CX1101000J 
1l6R430 315-0472-00 RES,FXO,FILM:4.7K OHM,SI,0.25M 57668 NTR25J-E04K7 

1l6R431 315-0472-00 RES,FXO,FILM:4.7K OHM,SI,0.25K 57668 NTR25J-E04K7 
1l6R432 315-0472-00 RES,FXD,FILM:4.7K OHM,SI,0.25M 57668 NTR25J-E04K7 
1l6R453 315-0202-00 RES,FXD,FILM:2K OHM,SI,O.25K 57668 NTR25J-E 2K 
1l6R454 315-0202-00 RES,FXD,FILM:2K OHM,SI,O.25" 57668 NTR25J-E 2K 
A6R456 315-0394-00 RES,FXO,FILM:390K OHM,SI,0.25" 57668 NTR25J-E390K 
A6U25 156-1425-01 MICROCKT,DGTL:NIoIOS,8-BIT MICROPRC,2 MHZ 34576 R6502A(P OR C) 
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REPLACEABLE ELECTRICAL PARTS 

Tektronix Serial! Assembly No. Mfr. 
ComQonent No. Part No. Effective Oscont Name & OescriQtion Code Mfr. Part No. 

A6U45 156-0145-02 MICROCKT,DGTL:QUAD 2-INP NAND BFR 18324 N7438(N8 OR FB) 
A6U120 156-0651-02 MICROCKT,DGTL:8-8IT PRL-OUT SER SHF RGTR 01295 SN74LS164NP3 
A6U130 160-2149-01 670-B174-03 670-8174-03 MICROCKT,DGTL:4096 X 8 EPROM,PRGM 80009 160-2149-01 
A6U130 160-2149-02 670-B174-04 MICROCKT,DGTL:4096 X B EPROM,PRGM BOO09 160-2149-02 
A6U140 156-1594-00 MICROCKT,DGTL:NMOS,2048 X B SRAM TK1015 HM6116P-3(OP-24) 
A6U145 156-0B65-o2 MICROCKT,DGTL:OCTAL D FF K/CLEAR 01295 SN74 LS273NP3 

A6U150 156-0914-02 MICROCKT,DGTL:OCT ST BFR K/3 STATE OUT 01295 SN74LS240NP3 
A6U155 156-0865-02 MICROCKT,DGTL:OCTAL D FF K/CLEAR 01295 SN74LS273NP3 
A6U160 156-1058-01 MICROCKT,DGTL:OCTAL ST BUFFER K/3 STATE OUT 01295 SN74S240JP4 

,SCREENED 
A6U165 156-0914-02 MICROCKT,DGTL:OCT ST BFR K/3 STATE OUT 01295 SN74LS240NP3 
A6U210 156-0798-02 MICROCKT,DGTL:DUAL 14/1-LINE SElIMUX 01295 SN74LS153NP3 

A6U220 156-0651-02 MICROCKT,DGTL:8-BIT PRL-OUT SER SHF RGTR 01295 SN74LS164NP3 
A6U225 156-1412-00 MICROCKT,DGTL:NMOS,SGL/DBL DENS FLOPPY DISC 34649 08272A 

CONT 
A6U230 156-0914-02 MICROCKT,DGTL:OCT ST BFR K/3 STATE OUT 01295 SN74LS240NP3 
A6U235 160-2150-00 MICROCKT,DGTL:ARRAY LOGIC,PRGM 80009 160-2150-00 
A6U240 16D-2151-00 670-8174-03 670-8174-04 MICRDCKT,DGTL:ARRAY LOGIC,PRGM 80009 160-2151-00 
A6U240 160-2151-01 670-8174-05 MICROCKT,OGTL:ARRAY LOGIC,PRGM 80009 160-2151-01 

A6U245 156-0093-02 MICROCKT,DGTL:HEX INV 8UFFER 18324 N7416(NB OR FB) 
A6U250 156-0388-03 MICROCKT,DGTL:DUAL D FLIP-FLOP 01295 SN74LS74ANP3 
A6U255 156-0798-02 MICROCKT,DGTL:DUAL 14/1-LINE SElIMUX 01295 SN74LS153NP3 
A6U260 156-1172-01 MICROCKT,DGTL:DUAL 4 BIT BIN CNTR 01295 SN74LS393NP3 
A6U310 156-0140-02 MICROCKT,DGTL:HEX BUFFERS K/OC HV OUT, 18324 N7417(NB OR FB) 
A6U320 156-0541-02 MICROCKT,DGTL:DUAL 2-TO 4-LINE DCDR/DEMUX 04713 SN74LS139NOS 

A6U330 156-0140-02 MICROCKT,DGTL:HEX BUFFERS K/OC HV OUT, 18324 N7417(NB OR FB) 
A6U340 156-0462-02 MICROCKT,DGTL:HEX INVERTER,SCREENED 01295 SN7414NP3 
A6U345 156-18B8-00 MICROCKT,DGTL:MOS,FLOPPY DISK DATA SEPARATO 53848 FOC 92168 

R 
A6U350 156-0385-02 MICROCKT,DGTL:HEX INVERTER 07263 74LS04PCQR 
A6U355 156-1335-00 MICROCKT,DGTL:LSTTL,DUAL RETRIGGERABLE 07263 96LS02PCQR 

A6Y360 119-140B-00 OSC,XTAL CLOCK:16MHZ,0.01I 08111 M1200-16MHZ 
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REPLACEABLE ELECTRICAL PARTS 

Tektronix Serial I Assembly No. Mfr. 
ComeQnent No. Part No. Effective Dscont Name & Descri!;!tion Code Mfr. Part No. 
A7 620-0325-02 B010100 B010131 PO"ER SUPPLY: 80009 620-0325-02 
A7 620-0325-03 B010132 B030415 PO"ER SUPPLY: BOO09 620-0325-03 
A7 620-0325-04 B030416 PO"ER SUPPLY: BOO09 620-0325-04 
A7B1001 119-166B-00 FAN,TUBEAXIAL:115V,6.5",2500 RPM,20 CFM TI<1136 1460F21B2 "/CONN 
A7J5001 131-0955-00 CONN,RCPT ,ELEC:BNC, FEMALE 13511 31-279 
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REPLACEABLE ELECTRICAL PARTS 

Tektronix Serial! Assembly No. Mfr. 
Com~onent No. Part No. Effective Dscont Name & Descri~tion Code Mfr. Part No. 
117111 ----- --- CIRCUIT BD IISSY:POKER SUPPLY 

(NOT REPLACEABLE,SEE 117 REPL) 
117111C110 290-0835-00 CIIP,FXD,ELCTLT:420UF,+100-1D1,200V BOO09 290-0835-00 
117111C111 285-1196-00 CIIP,FXD,PPR DI:0.01UF,2D1,2SDV TK0515 PME 265 MB 510 
117111C112 285-1196-00 CIIP,FXD,PPR DI:0.01UF,2D1,25DV TK0515 PME 265 MB 510 
117111C135 283-0177-00 CIIP,FXD,CER DI:1UF,+BO-2D1,25V 04222 SR302E105ZIIIITR 
117II1C140 290-0287-00 CIIP,FXD,ELCTLT:47UF,2D1,25V 5&2B9 30D476X0025CC4 

117II1C148 283-0065-00 620-0325-02 620-0325-03 CIIP,FXD,CER DI:0.D01UF,51,100V 59660 0835-591Y5E0102J 
117111C148 281-0767-00 620-0325-04 CIIP,FXD,CER DI:330PF,201,100V 04222 MII106031MIIII 
117111C1SD 283-0060-00 CAP ,FXD,CER 01 :100PF ,51,200V 59660 855-535U2J101J 
117II1C151 283-0067-00 CAP,FXD,CER DI:0.001UF,101,200V 59660 835-515-YSE0102K 
117II1C152 285-1142-00 CIIP,FXD,PLASTIC:0.01UF,11,200VOC 19396 103F02PP460 
117II1C170 283-0204-00 620-0325-02 620-0325-03 CIIP,FXD,CER DI:0.01UF,2D1,SDV 04222 SR155E103MIIII 

117II1C210 290-0835-00 CIIP,FXD,ELCTLT:420UF,+100-1D1,200V BOO09 290-0835-00 
117II1C212 285-1196-00 CIIP,FXD,PPR DI:0.01UF,201,2SDV TK0515 PME 265 MB 510 
117111C22O 285-1196-00 CIIP,FXD,PPR DI:0.01UF,2D1,25DV TK0515 PME 265 MB 510 
117II1C221 285-0934-00 CIIP,FXD,PLASTIC:2.2UF,1D1,200V 04099 C707C205K 
117II1C232 283-0203-00 CIIP,FXD,CER DI:0.47UF,2D1,SDV 04222 SR305SC474MIIII 
117111C234 285-0934-00 CIIP,FXD,PLASTIC:2.2UF,1D1,200V 04099 C707C205K 

117111C235 285-1246-00 CIIP,FXD,PPR DI:0.022UF,201,250VIIC TK0515 PME 265 MB 522 
117111C236 283-0203-00 CIIP,FXD,CER DI:0.47UF,2D1,5OV 04222 SR305SC474MIIII 
117111C248 281-0775-00 620-0325-04 CIIP,FXD,CER DI:0.1UF,2D1,50V 04222 MII205E104MIIII 
117111C25D 283-0100-00 CIIP,FXD,CER DI:0.0047UF,1D1,200V 04222 SR306A472KIIII 
117111C254 283-0203-00 CIIP,FXD,CER DI:0.47UF,2D1,SDV 04222 SR305SC474MIIII 
117111C255 283-0060-00 CIIP,FXD,CER DI:100PF,51,200V 59660 855-53SU2J101J 

117111C260 283-0010-00 CIIP,FXD,CER DI:0.OSUF,+80-2D1,50V 04222 SR305E503ZII11 
117111C270 285-0905-00 CIIP,FXD,PLASTIC:0.33UF,51,5OV 04099 T£I(-15-2 
117111020 283-0057-00 CIIP,FXD,CER DI:0.1UF,+80-2D1,200V 04222 SR306E104ZII11 
117111032 283-0078-00 CAP,FXD,CER DI:0.001UF,201,500V 59660 OB01 547X5F0102M 
117111053 281-0775-00 620-0325-04 CIIP,FXD,CER DI:0.1UF,2D1,SDV 04222 MA205E104MAII 
117111C452 283-0065-00 CIIP,FXD,CER DI:0.001UF,51,100V 59660 0835-591Y5E0102J 

117111C453 283-0065-00 CIIP,FXD,CER DI:0.001UF,51,100V 59660 0835-591Y5E0102J 
117111C456 283-0065-00 CIIP,FXD,CER DI:0.001UF,51,100V 59660 0835-591Y5E0102J 
117111C457 283-0065-00 CIIP,FXD,CER DI:0.001UF,51,100V 59660 0835-591Y5E0102J 
117111C460 290-0916-00 CIIP,FXD,ELCTLT:22DOUF,+50-1D1,35V 55680 ULB1V222TFIIIINll 
117111C465 290-0916-00 CliP, FXD, ELCTLT:2200UF,+50-1D1,35V 55680 ULB1V222TFIIIINII 
117111C470 290-0916-00 CAP,FXD,ELCTLT:2200UF,+50-1D1,35V 55680 ULB1V222TFIIIINA 

117111CR131 152-0141-02 SEMICOND DVC,DI:SK,SI,30V,1SDMA,30V,oo-35 03508 DA2527 (1N4152) 
117II1CR132 152-0141-02 SEMICONO DVC,Dl:SM,SI,30V,1SDMA,30V,DO-35 03508 DA2527 (1N4152) 
117A1CR133 152-0141-02 SEMICOND DVC,Dl:SM,SI,30V,1SDMA,30V,DO-35 03508 0112527 (1N4152) 
117111CR134 152-0141-02 SEMICONO DVC,DI:SK,SI,30V,15OMA,30V,DO-35 03508 0112527 (1N4152) 
117A1CR139 152-0750-00 SEMICOND DVC,DI:RECT BRDG,600V,3A,FAST RCVY 05828 RKBPC606-12 
117111CR140 152-0333-00 SEMICONO DVC,DI:SM,SI,55V,200MA,DO-35 07263 FOH-6D12 

117111CR141 152-0333-00 SEMICOND DVC,DI:SM,SI,55V,200MA,DO-35 07263 FOH-6012 
117A1CR142 152-0333-00 SEMICONO DVC,DI:SM,SI,55V,200MA,DO-35 07263 FOH-6012 
117111CR144 152-0333-00 SEMICOND DVC,DI:SM,SI,55V,200MA,DO-35 07263 FDH-6012 
117111CR153 152-0066-01 SEMICOND DVC,DI:SELECTED BOO09 152-0066-01 
117111CR154 152-0141-02 SEMICONO DVC,DI:SM,SI,30V,15OMA,30V,DO-35 03508 0112527 (1N4152) 
117II1CR164 152-0141-02 SEMICOND DVC,DI:SM,SI,30V,15OMII,30V,DO-35 03508 0112527 (1N4152) 

117111CR241 152-0333-00 SEMICOND DVC,DI :SM,SI ,55V ,200MA,DO-35 07263 FDH-6012 
117A1CR251 152-0333-00 SEMICOND DVC,DI:SK,SI,55V,200MA,00-35 07263 FDH-6012 
117A1CR262 152-0141-02 SEMICOND DVC,DI:SK,SI,30V,15OMA,30V,DO-35 03508 DA2527 (1N4152) 
A7111CR271 152-0141-02 SEMICOND DVC,DI:SM,SI,30V,15OMA,30V,DO-35 03508 DA2527 (1N4152) 
117A1CR430 152-0400-00 SEMICOND DVC,DI:RECT,SI,400V,1A 04713 SR19nK 
117111CR433 152-0400-00 SEMICOND DVC,DI:RECT,SI,400V,1A 04713 SR19nK 

A7111CR452 152-0539-00 SEMICOND DVC,DI:RECT,SI,15OV,16 AMP 04713 MUR1615CT 
A7A1CR456 152-0794-00 SEMICOND DVC,DI:RECT,SI,DUAL SCHDTTKY,10A 81483 95-4269 
117A1DS32O 150-0035-00 LAMP,GlDM:90V MAX,O.3MA,AID-T,KIRE LD TK0213 JH00513011JII 
117A1E210 119-0181-00 ARSR,ELEC SURGE:230,GAS FILLED 25088 B1-A230 
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REPLACEABLE ELECTRICAL PARTS 

Tektronix Seriall Assembly No. Mfr. 
Com(1onent No. Part No. Effective Dscont Name & Descri(1tion Code Mfr. Part No. 
A7A1F420 159-0019-00 FUSE,CARTRIOGE:3AG,1A,250V,SLO" BLO" 71400 MOL 1 

(OPTIONS A1 THRU A5 ONLY) 
A7A1F420 159-0023-00 FUSE,CARTRIOGE:3AG,2A,250V,SLO" BLO" 71400 MOX2 

(STANDARD ONLY) 
A7A1FL211 285-1244-00 CAPACITOR-RES:0.5UF,10%,220HM,10%,250VAC 14752 RG17B4-1 
A7A1FL410 119-116B-00 CAPACITOR-RES:0.1UF,20% & 22 OHM,10%,250VAC 14752 RG17B2-1 
A7A1J1 131-2663-00 CONN,RCPT,ELEC:PMR,3MALE,250VAC,6A 82389 EAC 303 
A7A1J2 131-3258-00 CONN,RCPT,ELEC:HEAOER,1 X 2,0.176 SPACING 27264 09-61-1021 

A7A1J3 131-0608-00 TERMINAL,PIN:0.365 L X 0.025 BRZ GLO PL 22526 48283-036 
(OUANTITY OF 2) 

A7A1J4 131-0608-00 TERMINAL,PIN:0.365 L X 0.025 BRZ GLD PL 22526 48283-036 
(OUANTITY OF 2) 

A7A1J5 131-2789-00 CONN,RCPT,ELEC:HEAOER,1 X 4,0.156 SPACING 27264 09-61-1045 
A7A1J6 131-2789-00 CONN,RCPT,ELEC:HEADER,1 X 4,0.156 SPACING 27264 09-61-1045 
A7A1J7 131-2789-00 CONN,RCPT,ELEC:HEAOER,1 X 4,0.156 SPACING 27264 09-61-1045 
A7A1L210 108-1105-00 COIL,RF:FIXEO,136MH 80009 10B-1105-00 

A7A1L220 108-1105-00 COIL,RF:FIXEO,136MH 80009 10B-1105-00 
A7A1L225 108-0336-00 COIL,RF:FIXEO,100UH BOO09 10B-0336-00 
A7A1L350 10B-OB28-00 COIL,RF:FXO,56.4UH BOO09 108-0828-00 
A7A1L370 108-0977-00 COIL,RF:FIXEO,105UH BOO09 108-0977-00 
A7A1L430 10B-0336-00 COIL,RF:FIXEO,100UH BOO09 108-0336-00 
A7A10140 151-0223.,.00 TRANSISTOR:NPN,SI,TO-92 04713 SPS8026 

A7A10145 151-0223-00 TRANSISTOR:NPN,SI,TO-92 04713 SPS8026 
A7A10150 151-0188-00 TRANSISTOR:PNP,SI,TO-92 BOO09 151-0188-00 
A7A10155 151-0342-00 TRANSISTOR:PNP,SI,TO-92 07263 5035928 
A7A10160 151-0188-00 TRANSISTOR:PNP,SI,TO-92 BOO09 151-0188-00 
A7A10240 151-0302-00 TRANSISTOR:NPN,SI,TO-1B 04713 STB99 
A7A10250 151-0302-00 TRANSISTOR:NPN,SI,TO-18 04713 STB99 

A7A10255 151-0302-00 TRANSISTOR:NPN,SI,TO-18 04713 STB99 
A7A10360 151-0190-00 TRANSISTOR:NPN,SI,TO-92 BOO09 151-0190-00 
A7A1R135 315-0331-00 RES,FXD,FILM:330 OHM,5%,0.25" 57668 NTR25J-E330E 
A7A1R136 307-0350-00 RES,THERMAL:7.5 OHM,10%,3.9%/DEG C 80009 307-0350-00 
A7A1R137 30B-0336-00 RES,FXO,"":7K OHM,5%,5" 05347 CS6-7001J 
A7A1R138 308-0237-00 RES,FXD,"":8.2K OHM,5%,5" 00213 15505-8200-5 

A7A1R141 321-0441-00 RES,FXD,FILM:3B3K OHM,1%,0.125",TC=TO 19701 5043E03B3KOF 
A7A1R142 315-0914-00 RES,FXD,FILM:910K OHM,5%,0.25" 19701 5043CX910KOOJ 
A7A1R144 315-0474-00 RES,FXD,FILM:470K OHM,5%,0.25" 19701 5043CX470KOJ92U 
A7A1R145 321-0451-00 RE5,FXD,FILM:487K OHM,1%,0.125",TC=TO 19701 5043 ED487KO F 
A7A1R146 321-0423-00 620-0325-02 620-0325-03 RE5,FXD,FILM:249K OHM,1%,0.125",TC=TO 19701 5043 E0249KO F 
A7A1R146 321-0412-00 620-0325-04 RE5,FXD,FILM:191K OHM,1%,0.125K,TC=TO 07716 CEA019102F 

A7A1R147 321-0232-00 RE5,FXD,FILM:2.55K OHM,1%,0.125",TC=TO 19701 5043 E02K550 F 
A7A1R148 321-0227-00 RE5,FXD,FILM:2.26K OHM,1%,0.125",TC=TO 01121 RNK2261F 
A7A1R149 321-0227-00 RES,FXD,FILM:2.26K OHM,1%,0.125K,TC=TO 01121 RNK2261F 
A7A1R150 315-0512-00 RES,FXD,FILM:5.1K OHM,5%,0.25" 57668 NTR25J-E05K1 
A7A1R151 315-0622-00 RES,FXD,FILM:6.2K OHM,5%,0.25" 19701 5043CX6K200J 
A7A1R152 315-0104-00 RES,FXD,FILM:100K OHM,5%,0.25" 57668 NTR25J-E100K 

A7A1R153 315-0473-00 RES,FXD,FILM:47K OHM,5%,0.25" 57668 NTR25J-E47KO 
A7A1R154 315-0103-00 RES,FXD,FILM:10K OHM,5%,0.25K 19701 5043CX10KOOJ 
A7A1R155 315-0202-00 RES,FXD,FILM:2K OHM,5%,0.25K 57668 NTR25J-E 2K 
A7A1R156 315-0203-00 RES,rc~D,FILM:20K OHM,5%,0.25" 57668 NTR25J-E 20K 
A7A1R157 315-0202-00 RES,f'<D,FILM:2K OHM,5%,0.25" 5766B NTR25J-E 2K 
A7A1R160 315-0433-00 RES,FXD,FILM:43K OHM,5%,0.25" 19701 5043CX43KOOJ 

A7A1R162 315-0204-00 RES,FXD,FILM:200K OHM,5%,0.25" 19701 5043CX200KOJ 
A7A1R163 315-0203-00 RES,FXO,FILM:20K OHM,5%,0.25" 5766B NTR25J-E 20K 
A7A1R165 311-1224-00 RES,VAR,NON"":TRMR,500 OHM,0.5" 32997 3386F-T04-501 
A7A1R171 315-0103-00 RES,FXD,FILM:10K OHM,5%,0.25" 19701 5043CX10KOOJ 
A7A1R172 315-0103-00 RES,FXD,FILM:10K OHM,5%,0.25" 19701 5043CX10KOOJ 
A7A1R173 315-0101-00 RES,FXD,FILM:100 OHM,5%,D.25" 57668 NTR25J-E 1DOE 

A7A1R222 3D3-0753-00 RES,FXD,CMPSN:75K OHM,5%,1" 01121 GB7535 
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Tektronix Seriall Assembly No. Mfr. 
Coml2onent No. Part No. Effective Dscont Name & Descri!;!tion Code Mfr. Part No. 

Il71l1R231 303-0753-00 RES,FXD,CMPSN:75K OHM,51,1K 01121 GB7535 
Il71l1R233 307-0036-00 RES,FXO,CMPSN:6.B OHM,1ot,1K 01121 GB6BG1 
Il71l1R235 307-0036-00 RES,FXD,CMPSN:6.80HM,1ot,1K 01121 GB6BG1 
Il71l1R242 315-0200-DO RES,FXD,FILM:20 OHM,51,0.25K 19701 5043CX20ROOJ 
Il71l1R252 315-D331-00 RES,FXD,FILM:330 OHM,51,D.25K 57668 NTR25J-E330E 
A7A1R253 315-0331-00 RES,FXD,FILM:330 OHM,51,0.25K 57668 NTR25J-E330E 

A71l1R254 315-0332-00 RES,FXD,FILM:3.3K OHM,51,0.25K 57668 NTR25J-E03K3 
A7A1R255 321-0510-00 RES,FXD,FILM:2.00M OHM,11,0.125K,TC=TO 03888 PME55D20003F 
A71l1R257 321-0223-00 RES,FXD,FILM:2.05K OHM,11,0.125K,TC=TO 80009 321-0223-00 
A71l1R258 321-0227-00 RES,FXD,F1LM:2.26K OHM,11,0.125K,TC=TO 01121 RNK2261F 
Il71l1R259 315-0102-00 RES,FXD,F1LM:1K OHM,51,0.25K 57668 NTR25JED1KO 
Il71l1R261 315-0394-00 RES,FXD,FILM:390K DHM,51,0.25K 5766B NTR25J-E390K 

Il7A1R263 315-0433-00 RES,FXD,F1LM:43K OHM,51,0.25K 19701 5043CX43KOOJ 
A7A1R264 315-0564-00 RES,FXD,FILM:560K OHM,51,0.25K 19701 5043CX560KOJ 
A7A1R351 321-00BO-00 RES,FXD,FILM:66.50HM,11,0.125K,TC=TO 91637 CMF55116G66R50F 
A7A1R352 308-0695-00 RES,FXD,KK:0.050HM,101,5K 91637 lVR5-13 
A71l1R353 321-0061-00 RES,FXD,F1LM:42.20HM,0.51,0.125K,TC=TO 91637 CMF55116G42R20F 
Il7A1R354 321-0639-00 RES,FXD,FILM:9.6K OHM,11,0.125K,TC=TO 19701 5043ED9K600F 

Il71l1R355 308-0701-00 620-0325-02 620-0325-02 RES,FXO,KK:0.120HM,51,2K 75042 BtlH-R1200J 
Il71l1R355 308-0643-00 620-0325-03 RES,FXD,"K:0.10 OHM,31,3K 14193 SA31 R100H 
Il71l1R360 321-0231-00 RES,FXD,F1LM:2.49K OHM,11,0.125K,TC=TO 19701 5033ED2K49F 
A7A1R361 321-0443-00 RES,FXD,F1LM:402K OHM,11,0.125K,TC=TD 19701 5043ED402KOF 
Il7A1R362 315-0202-00 RES,FXD,FILM:2K OHM,51,0.25K 57668 NTR25J-E 2K 
Il7A1R363 315-0101-00 RES,FXD,FlLM:.100 OHM,51,0.25K 57668 NTR25J-E 100E 

A7A1R431 315-0101-00 RES,FXD,FILM:100 OHM,51,0.25K 57668 NTR25J-E 100E 
A7A1R432 302-0565-00 RES,FXD,CMPSN:5.6M OHM,101,0.5K 01121 EB5651 
A71l1R434 305-0151-00 RES,FXO,CMPSN:150 OHM,51,2K 01121 HB1515 
A7A1R451 315-0100-00 RES,FXD,FlLM:10 OHM,51,0.25K 19701 5043CX10RROOJ 
Il71l1R454 315-0100-00 RES,FXD,FILM:10 OHM,51,0.25K 19701 5043CX10RROOJ 
A71l1R455 315-0100-00 RES,FXD,FILM:10 OHM,51,0.25K 19701 5043CX10RROOJ 

A71l1R458 315-0100-00 RES,FXD,FILM:10 OHM,51,0.25K 19701 5043CX10l<ROOJ 
A7A1S310 260-1399-00 StlITCH,SlIDE:DPDT,3A,125VAC,75D 115&13D SIlF 82389 11A-1447 

ETY CONTROllED 
A71l1T140 120-1354-00 XFMR,PKR,STPDN:TRIGGER,lF 80009 120-1354-00 
A71l1T240 120-1119-01 TRIlNSFORMER,RF:BIlSE DRIVE 80009 120-1119-01 
A71l1T310 120-1449-00 TRANSFORMER,RF:COMMON MODE,2.7MH,21l 02113 P104 

A7A1T330 120-1449-00 TRIlNSFORMER,RF:COMMON MODE,2.7MH,21l 02113 P104 
Il71l1T340 120-1411-00 XFMR,PKR,STPDN:HF CONVERTER 80009 120-1411-00 
Il7A1U15D 156-0933-01 MICROCKT,llNEAR:RGlTR,PUlSE K1DTH MOD,SCRN 34333 SG9976 
A71l1U160 156-1226-01 MICROCKT,lINEAR:DUAl COMPIlRATOR,SCRN 27014 LM319J/Il+ 
Il71l1U260 156-0158-01 M1CROCKT,lINEAR:DUIll OPNl AMPl,CHK 01295 MC1458P3 
A7A1U350 156-0158-01 MICROCKT,lINEAR:DUAl OPNl AMPl,CHK 01295 MC1458P3 

117111VR144 153-0058-00 SEMICOND DVC,DI:SElECTED 04713 SlG231-1 
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REPLACEABLE ELECTRICAL PARTS 

Tektronix Serial/Assembly No. Mfr. 
Component No. Part No. Effective Dscont Name & Description Code Mfr. Part No. 

AS 119-1871-00 MONITOR:MONOCHROME OISPLAY TK0510 TBA 
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REPLACEABLE ELECTRICAL PARTS 

Tektronix Serial I Assembly No. Mfr. 
Com~onent No. Part No. Effective Dscont Name & Descri~tion Code Mfr. Part No. 
ABA1 11B-II267-00 MOKlTOR ASSY: BOO09 11B-II267-00 
ABA1C111 11B-273B-00 CAP,FXD,ElCTlT:1DOUF,25V TK051D ECEA1ES101 
ABA1C112 11B-273B-DD CAP,FXD,ElCTlT:100UF,25V TKD51D ECEA1ES101 
ABA1C113 11B-2796-00 CAP,FXD,CER DI:0.01UF,SDV TKD510 ECKF1H103IF 
ASA1C141 11B-275D-oO CAP,FXD,CER DI:560PF,SDV TK0510 ECKD1H561KB 
ABA1C1112 118-4302-00 CAP,FXD,ElCTlT:3.3UF,10DV TKD51D ECEA2AS3R3E 

ASA1C1113 118-113DII-00 CAP,FXD,CER 01:120PF,SDV TKD510 ECCD1H121J 
A8A1C302 118-2804-00 CAP,FXD,PLASTIC:0.1UF,50V TKD510 ECQIoI1H104JI 
A8A1C303 118-4305-00 CAP,FXD,PLASTIC:0.056UF,50V TK0510 ECQIoI1H563J I 
A8A1C304 118-28011-00 CAP,FXD,PLASTIC:0.1UF,50V TK0510 ECQIoI1H10llJI 
A8A1C305 118-11306-00 CAP,FXD,ElCTlT:10UF,10V TK0510 ECSF10E10Y 
A8A1C306 118-11307-00 CAP,FXD,ElCTlT:22UF,10V TK0510 ECSF10E22Y 

A8A1C307 118-2795-00 CAP,FXD,ElCTlT:100UF,6.3V TKD510 ECEAOJS101 
A8A1C30B 118-11308-00 CAP,FXD,ElCTlT:33UF,50V TK0510 ECEA1HS330 
A8A1C309 118-11309-00 CAP,FXD,ElCTlT:10UF,50V TK0510 ECEA1HS100 
A8A1C310 118-11310-00 CAP,FXD,ElCTlT:II7UF,50V TK0510 ECEA1HSII70 
A8A1C311 118-11309-00 CAP,FXD,ElCTlT:10UF,50V TK0510 ECEA1HS100 
ABA1C313 118-11302-00 CAP,FXD,ElCTlT:3.3UF,100V TK0510 ECEA2AS3R3E 

A8A1C3111 118-11311-00 CAP,FXD,ElCTlT:3300PF,200V TK0510 ECQIoI2332KI 
A8A1C315 118-11312-00 CAP,FXD,ElCTlT:220UF,50V TK0510 ECEA1HS221 
A8A1C317 118-11305-00 CAP,FXD,PLASTIC:0.056UF,50V TK0510 ECQIoI1H563J I 
A8A1C400 118-2803-00 CAP,FXD,PLASTIC:0.01UF,50V TK0510 ECQIoI1H103J Z 
ABA1C401 118-4313-00 CAP,FXD,ElCTlT:0.018UF,50V TK0510 ECQIoI1H183J I 
A8A1CII02 118-43111-00 CAP,FXD,ElCTlT:0.015UF,50V TK0510 ECQIoI1H153J I 

A8A1CII03 118-2803-00 CAP,FXD,PLASTIC:0.01UF,50V TK0510 ECQIoI1H103JZ 
A8A1CII04 118-11315-00 CAP ,FXD ,ElCTLT:4.7UF,25V TK0510 ECEA1ES4R7 
A8A1CII05 118-4316-00 CAP,VAR,PLASTIC:2200PF,110V TK0510 ECQS1222JKT 
ABA1CII08 118-11317-00 CAP,VAR,PLASTIC:3900PF,50V TK051 0 ECQIoI1H392JI 
ASA1CII09 118-2746-00 CAP,FXD,ElCTlT:390PE,500V TK0510 ECKD2H391KB9 
A8A1C410 118-4318-00 CAP,VAR,CER 01:820PF,500V TK0510 ECKD2HB21KB9 

A8A1CII11 118-4319-00 CAP,VAR,PLASTIC:3300PF,12V TK0510 ECKH12H332HS 
A8A1C414 118-4320-00 CAP,FXD,PLASTIC:0.56UF,IIOOV TK0510 EQE45611KZ 
A8A1CII15 118-2759-00 CAP,FXD,ElCTlT:100UF,100V TK0510 ECEA21lS101 
A8A1C416 118-4321-00 CAP,VAR,CER DI:220PF ECKC3A222MB9 TK0510 ECKC31l222MB9 
A8A1C417 118-4322-00 CAP,FXD,CER 01:100PF,2KV TK0510 ECKD3D101KBF 
A8A1CII18 118-11323-oD CAP,FXD,CER DI:390PF,2KV TK0510 ECKD3D391KB9 

A8A1C419 118-4330-00 CAP,FXD,CER DI:390PF,1KV TK0510 ECKD3A391KB9 
ASA1C421 118-43211-00 CAP,FXD,CER DI:470PF,1KV 54407 ECKC3AII71KB9 
ASA1CII24 118-4325-00 CAP,FXD,ELCTLT:220UF,16V TK0510 ECEA1CS221 
A8A1CII25 118-2809-00 CAP, FXD, ELCTLT: 10UF , 16V TK0510 ECEA1CS100 
A8A1C453 118-4326-00 CAP,FXD,ELCTLT:0.47UF,350V TK0510 ECEA2VSRII7Y 
A8A1CIISII 11B-II323-00 CAP,FXD,CER DI:390PF,2KV TK0510 ECK03D391KB9 

ABA1C455 118-4327-DO CAP,FXD,ElCTLT:1UF,350V TK0510 ECEAZVS010Y 
A8A1CII71 118-4328-00 CAP ,FXD,ElCTlT: 10UF,25V TK0510 ECEA1ES100 
A8A1CII72 118-4329-00 CAP,FXD,PLASTIC:820PF,100V TK0510 ECQS1821JKT 
ASA1CII73 118-11322-00 CAP,FXD,CER DI:100PF,2KV TK0510 ECKD3D101KBF 
A8A1CII711 118-2752-00 CAP,FXD,ElCTlT:1UF,50V TK0510 ECEA1HS010 
A8A1C601 118-11330-00 CAP,FXD,CER DI:390PF,1KV TK0510 ECKD3A391KB9 

A8A1C602 118-11331-00 CAP,FXD,CER DI:1000PF,500V TK0510 ECKD2H102KB2 
A8A1C610 118-2738-00 CAP,FXD,ELCTlT:100UF,25V TK0510 ECEA1ES101 
A8A1C651 118-11315-00 CAP,FXD,ElCTlT:4.7UF,25V TK0510 ECEA1ES4R7 
ASA1C652 118-2789-00 CAP,FXD,PLASTIC:0.01UF,1KV TK0510 ECQE10103KI 
A8A1C701 118-4332-00 CAP ,FXD ,ElCTlT: 470UF,100V TK0510 ECEA2AS471 
A8A1C801 118-4369-00 CAP,FXD,ElCTLT:0.1UF,100V TK0510 ECQU2A104MNF 

A8A1C802 118-4370-00 CAP,FXD,ElCTlT:2200PF TK0510 ECKDNS222101FJ 
ASA1C803 118-4370-00 CAP,FXO,ElCTlT:2200PF TK0510 ECKDNS222Io1FJ 
A8A1C804 118-11369-00 CAP,FXD,ElCTlT:0.1UF,100V TK0510 ECQU2A10lllolKF 
A8A1C810 118-11371-00 CAP,FXD,PLASTIC:330UF,200V TK0510 ECES2DU331G 
A8A1C811 118-4371-00 CAP,FXD,PLASTIC:330UF,200V TK0510 ECES2DU331G 
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REPLACEABLE ELECTRICAL PARTS 

Tektronix Serial! Assembly No. Mfr. 
ComQonent No. Part No. Ettective Dscont Name & DescriQtion Code Mtr. Part No. 
ASA1C813 118-4372-00 CAP,FXO,PLASTIC:470PF,2I<V TI<0510 ECI<030471JB9 
A8A1C814 118-273B-00 CAP ,FXO ,ElCTlT:100UF,25V TI<0510 ECEA1ES101 
A8A1C817 118-4373-00 CAP,FXO,PLASTIC:33UF,10V TI<051 0 ECEA1AS330 
A8A1C818 118-2803-00 CAP,FXO,PLASTIC:0.01UF,50V TI<051 0 ECLlM1H103JZ 
A8A1C820 118-4374-00 CAP ,FXO ,PLASTIC: 1200PF,50V TI<0510 ECLlV1H122JZ 
A8A1C821 118-2752-00 CAP, FXO , ElCTlT: 1UF,50Y TI<0510 ECEA1HS010 

A8A1C822 118-2803-00 CAP,FXO,PLASTIC:0.01UF,50Y TI<051 0 ECLlM1H103JZ 
A8A1C825 118-2783-00 CAP ,FXO ,PLASTIC:0.047UF TI<0510 ECOM1H473J Z 
A8A1C826 118-2803-00 CAP ,FXD ,PLASTIC:0.01UF,50V TI<0510 ECLlM1H103JZ 
A8A1C827 118-2785-00 CAP,FXD,PLASTIC:0.1UF,400V TI<051 0 ECLlE4104KZ 
A8A1C854 118-4375-00 CAP,FXO,PLASTIC:220UF,100Y TI<0510 ECEA2AS221 
A8A1C856 118-4375-00 CAP,FXD,PLASTIC:220UF,100V TI<0510 ECEA2AS221 

A8A1C857 118-4376-00 CAP,FXD,PLASTIC:0.01UF,100V TI<0510 ECOM1103KZ 
ASA1C861 118-4308-00 CAP,FXO,ElCTlT:33UF,50V TI<0510 ECEA1HS330 
A8A1C863 118-4331-00 CAP,FXD,CER OI:1000PF,500V TI<051 0 ECI<02H102KB2 
A8A1C865 118-4377-00 CAP,FXO,PLASTIC:470UF,16V TI<0510 ECEA1CS471 
A8111031 118-4282-00 SEMI COMO OVC ,01: TI<0510 MA2711A 
A8A1034 118-2800-00 SEMICOMO OVC,OI: TI<051 0 MA150 

A8A1035 118-4283-00 SEMI COMO OVC,OI: TI<0510 TVS1002 
A8A1036 118-2800-00 SEMICOMO OVC,OI: TI<0510 1411150 
A8A1040 118-4284-00 SEMICOMO OVC,01: TK0510 TVSBB4 
A8A1041 118-4285-00 SEMICOMO OVC,OI: TI<0510 MA27TA 
A8A1042 118-4285-00 SEMICOMO OVC,OI: TI<0510 MA27TA 
A8A1043 118-4286-00 SEMICOMO OVC,OI: TI<051 0 TVSGH3F 

ABA1044 118-4287-00 SEMICOMO OVC,OI: TI<0510 TVSRU2 
ASA1045 118-4288-00 SEMICOMO OVC,OI: TI<0510 MA1240HTA 
ABA1047 118-42B9-00 SEMICOMO OVC,OI: TK0510 TVSRP1H 
A8111048 118-4290-00 SEMICOMO OVC,OI: TI<0510 TVSRC2 
A8A1049 118-4284-00 SEMI COMO OVC,OI: TI<0510 TVSBB4 
A8111051 118-4291-00 SEMICOMO OVC,OI: TI<0510 MA11BOM 

A8A1052 118-4285-00 SEMICOND OVC,OI: TI<0510 MA27TA 
A8A1053 118-2BOO-00 SEMI COMO OVC ,01 : TI<0510 MA150 
A8A1061 118-4282-00 SEMICOMO OVC,OI: TI<0510 MA271'111 
A8A1062 118-4292-00 SEMICONO OVC,OI: TI<0510 TVSC2406M 
A8A10805 118-4352-00 SEMI COMO OVC,OI: TI<0510 TVSS4VB60 
A81110807 118-4353-00 SEMICOMO OVC,OI: TI<0510 IoIA1075 

A81110808 118-4354-00 SEMICONO OVC,OI: TI<0510 TVS10E1 
1181110810 118-4354-00 SEMICONO OVC,OI: TI<0510 TVS10E1 
A8A10812 118-4355-00 SEMICOMO OVC,OI: TI<0510 TVSRU1 
A8A10813 118-4356-00 SEMI COMO OVC,OI: TI<0510 TVSBB211 
A8A10814 118-4356-00 SEMICOMO OVC,OI: TI<0510 TVSBB2A 
A8A10815 118-4356-00 SEMICOMO OVC,OI: TI<0510 TVSBB211 

A8A10816 118-4357-00 SEMICOMO OVC,OI: TI<0510 M21CLl 
A8A10818 118-4355-00 SEMICONO OVC,OI: TI<0510 TVSRU1 
A8A10829 118-4359-00 SEMI COMO DYC,OI: TI<0510 TVSRG2AlFB1 
A8A10832 118-4359-00 SEMICOMO DYC,OI: TK0510 TVSRG211lFB1 
ASA10833 118-4360-00 SEMICOMO OVC,OI: TI<051 0 MA1240l 
ASA10835 118-4361-00 SEMICONO OVC,Ol: TI<0510 MA1056H 

'I8A10838 118-4358-00 RES,FXO,FILM:1001< OHM,11,1",TC=TO TI<0510 ERG1ANJ104 
A8A10842 118-2800-00 SEMI COMO DVC,OI: TI<0510 MA150 
A8A10843 118-4362-00 SEMICONO OVC,OI: TI<0510 TVSR039EB4 
118A10844 118-2800-00 SEMICONO OVC,OI: TI<0510 MA150 
1181110848 118-4362-00 SEMICOMO OVC,OI: TI<0510 TVSR039EB4 
A8A1F1 118-4348-00 FUSE: 1.6A, 125V TI<051 0 X8111F16MU14 

A8A1F2 159-0015-00 FUSE,CARTRIOGE:3AG,3A,250V,0.65SEC 75915 312 003 
A8AlIC11 156-1393-01 MICROCI<T,OGTl:LlUAO 2 IMP NAND BFRS 1'I/0C OUT 01295 SM74S38 MP3/JP4 
A81111C12 118-4383-00 MICROCKT ,OGTL: TI<0510 AN78M05 
A8Al1C42 118-4270-00 MICROCI<T ,OGTL: TI<0510 AN5753 
A8A11C43 118-4271-00 MICROCI<T ,OGTl: TI<0510 AM6562 
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ASIlllCB01 11B-4350-00 MICROCKT,DGTl: TK0510 TVSWPC494C 
IUIIlll CB02 11B-4271-00 MICROCKT ,DGTl: TK0510 IlN6562 
ABIl1l141 11B-4293-00 COIl,RF: TK0510 TLT027K991 
IUIIl1l142 11B-4293-00 COIl,RF: TK0510 TLT027K991 
IlBIl1l301 11B-4294-00 COIL,RF: TK0510 TLP40B 
ABIl1l401 118-4301-00 TRIlNSFORMER ,RF: TK0510 TLFB0720 

A81l1l402 11B-4295-00 COIL,RF: TK0510 TLHB0407 
ABIl1L403 11B-4296-00 COIL,RF: TK0510 TLHB0727 
ASIl1l404 11B-4297-00 COIL,RF: TK0510 TLHB060B 
ASA1l406 11B-429B-00 COIL,RF: TK0510 TLHB0904 
ASIl1L407 11B-4299-00 COIL,RF: TK0510 TLHB0907 
ASIl1L450 11B-4300-00 COIL,RF: TK0510 TLT100K991 

IlBIl1LB01 11B-4365-00 COIL: TK0510 TLPB5615 
IlBIl1LB04 11B-4366-00 COIL: TK0510 TLP80601 
A81l1180B 118-4367-00 COIL: TK0510 TLP85614 
ASIl1LB09 118-4366-00 COIL: TK0510 TLP80601 
IUIIl1PCB01 118-4363-00 SEMICOND DVC,DI: TK0510 ON3105 
ABIl1PCB02 11B-4363-00 SEMICOND DVC,DI: TK0510 ON3105 

A81l1014 118-4272-00 TRIlNSISTOR: TK0510 2SC3526 
IlBIl1015 118-4273-00 TRIlNSISTOR: TK0510 25C2258 
A81l1031 118-4274-00 TRIlNSISTOR: TK0510 2SC828AR 
A8A1032 118-4275-00 TRANSISTOR: TK0510 2SA921AS 
A8A1033 118-2797-00 TRANSISTOR: TK0510 2SC1573QNC 
A8A1Q34 118-4276-00 TRANSISTOR: TK0510 2SC2660LBP 

A8A1035 11B-4277-o0 TRANSISTOR: TK0510 2SA1133LBP 
A8A1Q36 118-4276-00 TRANSISTOR: TK0510 2SC2660LBP 
A8A1042 118-427B-00 TRANSISTOR: TK0510 2SC1318R 
A8A1Q43 118-4279-00 TRANSISTOR: TK0510 2SC1446LBP 
ASA1Q44 118-4268-00 TRANSISTOR: TK0510 2501175 
A8A1047 118-4280-00 TRANSISTOR: TK0510 2SD1346LB 

ASA1Q61 118-4281-00 TRANSISTOR: TK0510 2SC2831ALB 
IUIA1Q801 11B-4349-00 TRANSISTOR: TK0510 2SC3212A 
A8A1QB02 118-4351-00 TRANSISTOR: TK0510 2SDB59BQLB 
A8A1QB03 118-2821-00 SEMICOND DVC,OI: TK0510 2SC1847Q8F 
ABA1R111 118-4384-00 MICROCKT,DGTL:68 OHM,2" ERG2ANJ680 TK0510 ERG2ANJ680 
A8A1R112 315-0331-00 RES,FXD,FILM:330 OHM,51,O.25" 57668 NTR25J-E330E 

ABA1R113 315-0331-00 RES,FXD,FILM:330 OHM,51,O.25" 57668 NTR25J-E330E 
ASA1R114 315-0471-00 RES,FXD,FILM:470 OHM,51,O.25" 57668 NTR25J-E470E 
ASA1R115 315-0331-00 RES,FXO,FILM:330 OHM,51,O.25" 57668 NTR25J-E330E 
ABA1R116 315-0331-00 RES,FXD,FILM:330 OHM,51,0.25" 57668 NTR25J-E330E 
A8A1R117 315-0331-00 RES,FXD,FILM:330 OHM,51,O.25" 57668 NTR25J-E330E 
A8A1R11B 315-0331-00 RES,FXD,FILM:330 OHM,51,O.25" 57668 NTR25J-E330E 

ASA1R140 315-0471-00 RES,FXD,FILM:470 OHM,51,O.25" 57668 NTR25J-E470E 
A8A1R141 315-0474-00 RES,FXD,FILM:470K OHM,51,O.2~ 19701 5043CX470KOJ92U 
ASA1R142 315-0474-00 RES,FXD,FILM:470K OHM,51,O.25" 19701 5043CX470KOJ92U 
ASA1R143 118-4333-00 CAP,FXD,FILM:560 OHM,~ TK0510 ERG2ANJ561 
A8A1R145 315-0222-00 RES,FXD,FILM:2.2K OHM,51,O.2~ 57668 NTR25J-E02K2 
IUIA1R146 315-0221-00 RES,FXD,FILM:220 OHM,51,O.2~ 57668 NTR25J-E220E 

A8A1R147 301-0103-00 RES,FXO,FILM:10K OHM,51,O.50" 19701 5053CX10KOOJ 
A8A1R149 118-4334-00 RES,FXO,FILM:470 OHM,2" TK0510 ERG2ANJ471 
IUIA1R303 315-0272-00 RES,FXD,FILM:2.7K OHM,51,O.2~ 57668 NTR25J-E02K7 
IUIA1R304 315-0563-00 RES,FXO,FILM:56K OHM,51,O.2~ 19701 5043CX56KOOJ 
A8A1R305 315-0682-00 RES,FXO,FILM:6.BK OHM,51,O.25" 57668 NTR25J-E06K8 
ASA1R306 118-4335-00 RES,FXD,FILM: TK0510 ERT03ZHL402S 

A8A1R307 315-06B2-00 RES,FXO,FILM:6.BK OHM,51,O.25" 5766B NTR25J-E06K8 
ASA1R308 315-0272-00 RES,FXD,FILM:2.7K OHM,51,O.25" 57668 NTR25J-E02K7 
A8A1R309 315-0682-00 RES,FXD,FILM:6.BK OHM,51,O.2~ 57668 NTR25J-E06K8 
A8A1R310 315-0122-00 RES,FXO,FILM:1.2K OHM,51,O.2~ 57668 NTR25J-E01K2 
IUIA1R311 315-0222-00 RES,FXO,FILM:2.2K OHM ,51 ,0.25" 57668 NTR25J-E02K2 
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Tektronix Serial! Assembly No. Mfr. 
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t.l8t.l1R312 307-0109-00 RES,FXO,CMPSN:8.2 OHM,SI,0.25" 80009 307-0109-00 
t.l8t.l1R313 315-0151-00 RES,FXO,FILM:150 OHM,SI,0.25" 57668 NTR25J-E150E 
t.l8t.l1R314 315-0333-00 RES,FXO,FILM:33K OHM,SI,0.25" 57668 NTR25J-E33KO 
ABt.l1R315 315-0470-00 RES,FXO,FILM:47 OHM,SI,0.25K 57668 NTR25J-E47EO 
ABt.l1R316 315-0331-00 RES,FXO,FILM:330 OHM,SI,0.25" 57668 NTR25J-E330E 
t.l8t.l1R317 315-0332-00 RES.FXO,FILM:3.3K OHM,SI,O.25" 57668 NTR25J-E03K3 

t.l8A1R318 315-0332-00 RES,FXO,FILM:3.3K OHM,SI,O.25" 57668 NTR25J-E03K3 
ABA1R319 118-4336-00 RES,FXO,FILM:470HM,12V TK0510 ER012HJ470 
t.l8A1R320 307-0107-00 RES,FXO,CMPSN:5.6 OHM,SI,0.25K 01121 C856G5 
t.l8A1R321 307-0107-00 RES,FXO,CMPSN:5.6 OHM,SI,0.25" 01121 C856G5 
t.l8A1R322 301-0220-00 RES,FXO,FILM:22 OHM,SI,0.5" 19701 5053CX22ROOJ 
ABA1R323 315-0152-00 RES,FXO,FILM:1.5K OHM,SI,0.25M 57668 NTR25J-E01K5 

t.l8A1R324 315-0332-00 RES,FXO,FILM:3.3K OHM,SI,0.25" 57668 NTR25J-E03K3 
A8t.l1R325 301-0222-00 RES,FXO,FILM:2.2K OHM,SI,0.5M 19701 5053CX2K200J 
A8A1R326 315-0821-00 RES,FXO,FILM:820 OHM,SI,0.25" 19701 5043CX820ROJ 
A8A1R327 315-0823-00 RES,FXO.FILM:82K OHM,SI,0.25" 57668 NTR25J-E82K 
A8A1R328 315-0223-00 RES,FXO,FILM:22K OHM,SI,0.25" 19701 5043CX22KOOJ92U 
A8A1R329 315-0822-00 RES,FXO,FILM:8.2K OHM,SI,O.25M 19701 5043CX8K200J 

1l8t.l1R330 315-0563-00 RES,FXO,FILM:56K OHM,SI,0.25" 19701 5043CX56KOOJ 
1l8A1R331 315-0562-00 RES,FXO,FILM:5.6K OHM,SI,0.25" 57668 NTR25J-E05K6 
1l81l1R332 315-0562-00 RES,FXO,FILM:5.6K OHM,SI,O.25M 57668 NTR25J-ED5K6 
A81l1R350 315-0393-00 RES,FXO,FILM:39K OHM,SI,0.25" 57668 NTR25J-E39KO 
ABA1R351 315-0223-00 RES,FXO,FILM:22K OHM,SI,0.25M 19701 5043CX22KOOJ92U 
A81l1R400 315-0222-00 RES,FXO,FILM:2.2K OHM,SI,O.25" 57668 NTR25J-E02K2 

1l8A1R401 315-0273-00 RES,FXO,FILM:27K OHM,SI,0.25M 57668 NTR25J-E27KO 
t.lS1l1R402 315-0272-00 RES,FXO,FILM:2.7K OHM,SI,0.25M 57668. NTR25J-E02K7 
t.lSt.l1R404 315-0272-00 RES,FXO,FILM:2.7K OHM,SI,0.25M 57668 NTR25J-E02K7 
t.lSA1R406 315-0153-00 RES,FXO,FILM:15K OHM,SI,0.25K 19701 5043CX15KOOJ 
A8t.l1R407 315-0472-00 RES,FXO,FILM:4.7K OHM,SI,0.25" 57668 NTR25J-E04K7 
A8A1R408 315-0103-00 RES,FXO,FILM:10K OHM,SI,0.25M 19701 5043CX10KOOJ 

ASA1R410 315-0472-00 RES,FXO,FILM:4.7K OHM,SI,0.25M 57668 NTR25J-E04K7 
A8A1R411 315-0101-00 RES,FXO,FILM:100 OHM,SI,O.25" 57668 NTR25J-E 100E 
t.l8A1R413 315-0100-00 RES,FXO,FILM:10 OHM,SI,0.25" 19701 5043CX10RROOJ 
ASA1R414 118-4337-00 RES,FXO,FILM:470 OHM,1M TK0510 ERQ1CJP471 
ASIl1R415 315-0124-00 RES,FXO,FILM:120K OHM,SI,0.25" 19701 5043CX120KOJ 
1l81l1R416 315-0152-00 RES,FXO,FILM:1.5K OHM,SI,O.25K 57668 NTR25J-E01K5 

t.l81l1R41S 118-4338-00 RES,FXO,FILM:1 OHM,1/2 M TK0510 ER050FJ1RO 
1l8t.l1R419 315-0100-00 RES,FXO,FILM:10 OHM,SI,0.25M 19701 5043CX10RROOJ 
A8A1R420 118-4386-00 RES,FXO,CMPSN:4.7K OHM,SI,2M TK0510 ERG2ANJ472 
A8A1R428 315-0332-00 RES,FXO,FILM:3.3K OHM,SI,0.25K 57668 NTR25J-E03K3 
ABA1R452 315-0100-00 RES,FXO,FILM:10 OHM,SI,0.25K 19701 5043CX1 ORROOJ 
ASA1R453 315-0274-00 RES,FXO,FILM:270K OHM,SI,0.25M 57668 NTR25J-E270K 

A8A1R457 315-0104-00 RES,FXO,FILM:100K OHM,SI,0.25M 57668 NTR25J-E100K 
ABA1R459 315-0474-00 RES,FXO,FILM:470K OHM,SI,0.25M 19701 5043CX470KOJ92U 
ABA1R460 315-0100-00 RES,FXO,FILM:10 OHM,SI,0.25M 19701 5043CX10RROOJ 
IlSA1R461 315-0224-00 RES,FXO,FILM:220K OHM,SI,0.25" 57668 NTR25J-E220K 
ABA1R471 315-0223-00 RES,FXO,FILM:22K OHM,SI,O.25" 19701 5043CX22KOOJ92U 
ABA1R473 315-0223-00 RES,FXO,FILM:22K OHM,SI,O.25K 19701 5043CX22KOOJ92U 

A8A1R4711 315-0273-00 RES,FXO,FILM:27KOHM,SI,0.25K 57668 NTR25J-E27KO 
ABA1R47;j 315-0183-00 RES,FXO,FILM:18K OHM,SI,0.25K 19701 5043CX1SKOOJ 
ABA1R476 315-0222-00 RES,FXO,FILM:2.2K OHM,SI,0.25" 5766S NTR25J-E02K2 
t.l8A1R477 315-0124-00 RES,FXO,FILM:120K OHM,SI,O.25K 19701 5043CX120KOJ 
A8A1R478 315-0474-00 RES,FXO,FILM:470K OHM,SI,0.25" 19701 5043CX470KOJ92U 
1l8A1R479 315-0223-00 RES,FXO,FILM:22K OHM,SI,0.25M 19701 5043CX22KOOJ92U 

ASA1R480 315-0473-00 RES,FXO,FILM:47K OHM,SI,0.25M 57668 NTR25J-E47KO 
ABA1R481 315-0123-00 RES,FXO,FILM:12K OHM,SI,0.25" 57668 NTR25J-E12KO 
A8A1R4B2 315-0394-00 RES,FXO,FILM:390K OHM,SI,0.25" 57668 NTR25J-E390K 
ABt.l1R483 315-0394-00 RES,FXO,FILM:390K OHM,SI,O.25K 57668 NTR25J-E390K 
A8A1R484 315-0394-00 RES,FXO,FILM:390K OHM,SI,0.25K 57668 NTR25J-E390K 
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A8A1R485 315-0394-00 RES,FXD,FILM:390K OHM,51,0.25K 57668 NTR2SJ-E390K 
A8A1R486 315-0394-00 RES,FXD,FILM:390K OHM,51,0.25K 57668 NTR2SJ-E390K 
A8A1R487 315-0102-00 RES,FXD,FILM:1K OHM,51,0.25K 57668 NTR2SJE01KO 
ASA1R601 315-0681-00 RES,FXD,FILM:680 OHM,51,0.25K 57668 NTR2SJ-E680E 
A8A1R602 315-0102-00 RES,FXD,FILM:1K OHM,51,0.2SK 57668 NTR2SJE01KO 
A8A1R603 315-0105-00 RES,FXD,FILM:1M OHM,51,0.2SK 19701 5043CX1MOOOJ 

ASA1R604 315-0105-00 RES,FXD,FILM:1M OHM,51,0.2SK 19701 5043CX1MOOOJ 
ASA1R605 315-0102-00 RES,FXO,FILM:1K OHM,51,0.25K 57668 NTR2SJE01KO 
A8A1R606 315-0684-00 RES,FXD,FILM:680K OHM,51,O.Z5K 01121 C86845 
A8A1R607 315-0684-00 RES,FXD,FILM:680K OHM,51,0.25K 01121 C86845 
A8A1R608 315-0102-00 RES,FXD,FILM:1K OHM,51,0.2SK 57668 NTR25JE01KO 
A8A1R641 315-0474-00 RES,FXD,FILM:470K OHM,51,0.25K 19701 5043CX470KOJ92U 

A8A1R642 315-0105-00 RES,FXD,FILM:1M OHM,51,0.25K 19701 5043CX1MOOOJ 
A8A1R651 315-0152-00 RES,FXD,FILM:1.5K OHM,51,0.25K 57668 NTR2SJ-E01K5 
A8A1R652 315-0272-00 RES,FXD,FILM:2.7K OHM,51,0.25K 57668 NTR2SJ-E02K7 
A8A1R653 315-0222-00 RES,FXD,FILM:2.2K OHM,51,0.25K 57668 NTR2SJ-E02K2 
ASA1R654 315-0821-00 RES,FXD,FILM:820 OHM,51,0.25K 19701 5043CX820ROJ 
A8A1 R655 315-0683-00 RES,FXD,FILM:68K OHM,51,0.25K 57668 NTR25J-E6BKO 

A8A1R656 315-0103-00 RES,FXD,FILM:10K OHM,51,0.25K 19701 5043CX10KOOJ 
ABA1R657 315-0562-00 RES,FXD,FILM:5.6K OHM,SI,0.25K 57668 NTR2SJ-E05K6 
A8A1R658 315-0562-00 RES,FXD,FILM:5.6K OHM,51,0.25K 57668 NTR2SJ-E05K6 
A8A1R659 315-0473-00 RES,FXD,FILM:47K OHM,51,0.25K 57668 NTR25J-E47KO 
A8A1R661 315-0105-00 RES,FXD,FILM:1M OHM,SI,0.25K 19701 5043CX1MOOOJ 
ASA1R662 315-0105-00 RES,FXD,FILM:1M OHM,51,0.25K 19701 5043CX1MOOOJ 

A8A1R663 315-0105-00 RES,FXD,FILM:1M OHM,SI,0.25K 19701 5043CX1MOOOJ 
A8A1R803 118-4378-00 RES,FXD,NONKK:5.6 OHM,5K TK0510 ERF5ZK5R6 
A8A1RB05 315-0B23-00 RES,FXD,FILM:82K OHM,SI,0.2SK 57668 NTR2SJ-E82K 
A8A1RB06 315-0823-00 RES,FXD,FILM:82K OHM,SI,0.2SK 57668 NTR2SJ-E82K 
A8A1R807 118-2709-00 RES,FXD,FILM:15K OHM,51,3K TK0510 ERG3ANJ153 
A8A1R809 315-0472-00 RES,FXD,FILM:4.7K OHM,51,0.25K 57668 NTR25J-E04K7 

ABA1RB11 118-4379-00 RES,FXD,NONKK:100 OHM,2K TK0510 ERG2ANJ101 
ABA1RB12 118-43BO-OO RES,FXD,NONKK:8200HM,1K TK0510 ERG1ANJ821 
A8A1R813 315-0390-00 RES,FXD,FILM:39 OHM,SI,0.25K 57668 NTR2SJ-E39EO 
ASA1R814 118-4381-00 RES,FXD,NONKK:6.8K,5K TK0510 ERG5ZXJ682 
A8A1R815 118-2714-00 RES,FXD,CMPSN:O.82 OHM,101,3K TK0510 ERF3AKR82 
A8A1RB16 315-0331-00 RES,FXD,FILM:330 OHM,51,0.25K 57668 NTR25J-E330E 

A8A1R817 315-0103-00 RES,FXD,FILM:10K OHM,51,0.25K 19701 5043CX10KOOJ 
A8A1R818 315-0332-00 RES,FXD,FILM:3.3K OHM,51,0.25K 57668 NTR25J-E03K3 
A8A1R819 315-0332-00 RES,FXD,FILM:3.3K OHM,51,0.25K 57668 NTR2SJ-E03K3 
A8A1R820 315-0274-00 RES,FXO,FILM:270K OHM,51,0.25K 57668 NTR25J-E270K 
A8A1R822 315-0682-00 RES,FXD,FILM:6.8K OHM,51,0.2SK 57668 NTR2SJ-E06K8 
ASA1R823 315-0332-00 RES,FXD,FILM:3.3K OHM,SI,0.25K 57668 NTR25J-E03K3 

A8A1R824 315-0472-00 RES,FXD,FILM:4.7K OHM,51,0.25K 57668 NTR2SJ-E04K7 
A8A1R825 315-0562-00 RES,FXD,FILM:5.6K OHM,51,0.25K 57668 NTR2SJ-E05K6 
ABA1R826 315-0472-00 RES,FXD,FILM:4.7K OHM,51,0.25K 57668 NTR2SJ-E04K7 
A8A1R827 315-0332-00 RES,FXD,FILM:3.3K OHM,SI,0.25K 57668 NTR2SJ-E03K3 
A8A1R828 315-0473-00 RES,FXD,FILM:47K OHM,51,0.25K 57668 NTR25J-E47KO 
A8A1R829 315-0272-00 RES,FXO,FILM:2.7K OHM,SI,0.25" 57668 NTR2SJ-E02K7 

ASA1R831 315-0102-00 oRES, FXD, FILM: 1K OHM ,51,0.25" 57668 NTR2SJE01KO 
ASA1R832 315-0222-00 RES,FXD,FILM:2.2K OHM,51,0.2SK 57668 NTR2sJ-EL2K2 
A8A1R833 315-0332-00 RES,FXD,FILM:3.3K OHM,51,0.2SK 57668 NTR2SJ-E03K3 
ASA1R834 315-0102-00 RES,FXD,FILM:1K OHM,51,0.25K 57668 NTR2SJE01KO 
A8A1R835 315-0682-00 RES,FXD,FILM:6.8K OHM,SI,0.25K 57668 NTR2SJ-E06K8 
ASA1R836 315-0183-00 RES,FXD,FILM:1BK OHM,SI,0.25K 19701 5043CX18KOOJ 

ABA1R83B 118-4358-00 RES,FXD,FILM:100K OHM,11,1",TC=TO TK0510 ERG1ANJ104 
A8A1R839 118-4385-00 RES,FXD,FILM:825K OHM,11,0.5K,TC=TO TK0510 ERC12GJ824 
A8A1R857 118-4382-00 RES,FXD,NONKK:1.5 OHM,2K TK0510 ERF2AK1R5 
A8A1R864 315-0102-00 RES,FXD,FILM:1K OHM,51,0.25K 57668 NTR2SJE01KO 
A8A1R866 315-0332-00 RES,FXO,FILM:3.3K OHM,51,0.2SK 57668 NTR2SJ-E03K3 
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1l8A1R867 315-0103-00 RES,FXO,FILM:10K OHM,Sl,O.25M 19701 5043CX10KOOJ 
1l8A1R868 315-0123-00 RES,FXO,FILM:12K OHM,Sl,O.25M 57668 NTR25J-£12KO 
1l81l1R869 315-0394-00 RES,FXO,FILM:390K OHM,Sl,O.25M 57668 NTR25J-E390K 
1l8A1R871 315-0470-00 RES,FXO,FILM:47 OHM,Sl,O.25M 57668 NTR25J-E47EO 
1l81l1R873 315-0392-00 RES,FXD,FILM:3.9K OHM,Sl,O.25M 57668 NTR25J-ED3K9 
1l8A1R874 315-0332-00 RES,FXO,FILM:3.3K OHM,Sl,O.25M 57668 NTR25J-ED3KJ 

1l8A1R875 315-0272-00 RES,FXO,FILM:2.7K OHM,Sl,O.25M 57668 NTR25J-EU2K7 
ASIl1R877 315-0332-00 RES,FXO,FILM:3.3K OHM,Sl,O.25M 57668 NTR25J-E03K3 
A8A1R878 315-G473-00 RES,FXD,FILM:47K OHM,Sl,O.25M 57668 NTR25J-(47KO 
ASIl1R879 118-4380-00 RES,FXO,NOMtt:820 OHM,1M TK0510 ERG11lNJS21 
1l8A1R880 315-0101-00 RES,FXO,FILM:100 OHM,Sl,O.25H 57668 NTR25J-E 100E 
1l8A1R881 315-0472-00 RES,FXO,FILM:4.7K OHM,Sl,O.25M 57668 NTR25J-ED4Kl 

1l8A1R8B6 315-0221-00 RES,FXD,FILM:22D OHM,Sl,O.25M 57668 NTR25J-E220E 
ASIl1R891 315-0564-00 RES,FXO,FILM:560K OHM,Sl,O.25M 19701 5043CX560KOJ 
ASIl1R892 315-0564-00 RES,FXD,FILM:560K OHM,Sl,O.25M 19701 5043CX560KOJ 
ABIl1S602 118-4339-00 SPARK GAP: TK0510 TGPS152B2 
ASIl1S603 118-4340-00 SPARK GIlP: TK0510 TGPS152GL 
ASA1S604 118-4339-00 SPARK GIlP: TK0510 TGPS15282 

ASIl1T801 118-4368-00 TRANSFORMER: TK0510 TlP85932 
ASA1VR31 118-4341-00 RES,VIlR,NONHH:100K OHM EVTHOCIl00B15 TK0510 EVTHOCAOOB15 
ASA1VR32 118-4342-00 RES,VAR,NONHH:20K TK0510 EVTHOCAOOB24 
ASA1VR33 11B-4343-oo RES,VIlR,NDNHM:500 OHM TK0510 EVTHOCAOOB52 
ASA1VR41 11B-4344-00 RES,VAR,NONHH:1K OHM EVTHOCAOOB13 TK0510 EVTHOCAOOB13 
A8A1VR47 118-4345-00 RES,VAR,NONHH:30K OHM EVTH1C1lO0B34 TK0510 EVTH1CAOOB34 

ASA1VR64 118-4346-00 RES, VAR ,NONHH:2M TK0510 EVM81H10KB26 
A8A1VR69 118-4347-00 RES,VAR,NONMH:200K TK0510 EVTH1CAOOB25 
ASA1VR81 118-2823-00 TRANSFORMER: TK0510 EVMHOGAOOBB 
ASA1VR10oo 118-4269-00 RES,VIlC: TK0510 EVVSBAF25815 
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A9 670-87n-01 CIRCUIT BO ASSY:COMM OPT 80009 670-87n-01 
(OPTION 10) 

A9C129 281-0913-00 CAP,FXO,CER DI:0.1UF,SOV,AXIAL 04222 MA105E104ZAA 
ASC150 281-0913-00 CAP,FXD,CER Dl:0.1UF,50V,AXIAL 04222 MA105E104ZAA 
A9C219 281-0913-00 CAP,FXO,CER Dl:0.1UF,5OV,AXIAL 04222 MA105E104ZAA 
A9C2Z9 281-o913-~ CAP,FXD,CER OI:0.1UF,5OV,AXIAL 04222 MA105E104ZAA 
ASC237 281-0913-00 CAP,FXD,CER DI:0.1UF,SOV,AXIAL 04222 MA105E104ZAA 

A9C342 281-o913-0D CAP,FXO,CER DI:0.1UF,5OV,AXIAL 04222 MA105E104ZM 
A9C419 281-0913-00 CAP,FXD,CER 01:0.1UF,5OV,AXIAL 04222 MA105E104ZM 
A9C519 281-0913-00 CAP,FXO,CER DI:0.1UF,50V,AXIAL 04222 MA105E104ZAA 
A9C5Z9 281-0913-00 CAP,FXD,CER DI:0.1UF,SOV,AXIAL 04222 MA105E104ZAA 
A9C531 281-0274-00 CAP,FXO,CER DI:6BOPF,1D1,5DV 96733 M511BY681K 
A9C543 281-0913-00 CAP,FXO,CER DI:0.1UF,SOV,AXIAL 04222 MA105E104ZM 

A9C545 281-0913-00 CAP,FXD,CER DI:0.1UF,SOV,AXIAL 04222 MA105E104ZAA 
A9C547 281-0913-00 CAP,FXD,CER OI:0.1UF,SOV,AXIAL 04222 MA105E104ZAA 
A9C611 281-0913-00 CAP,FXO,CER OI:0.1UF,50V,AXIAL 04222 MA105E104ZAA 
A9C619 281-0913-00 CAP,FXD,CER OI:0.1UF,50V,AXIAL 04222 MA105E104ZAA 
A9C635 281-0913-00 CAP,FXO,CER OI:0.1UF,SOV,AXIAL- 04222 MA105E104ZAA 
A9C644 281-0272-00 CAP,FXO,CER OI:0.1UF,1D1,50V 96733 R3893 

A9C646 281-0273-00 CAP,FXD,CER OI:5000PF,1D1,SOV 96733 R3894 
A9C65O 281-0913-00 CAP,FXO,CER OI:0.1UF,SOV,AXIAL 04222 MA105E104UIA 
A9C711 290-0944-00 CAP, FXO,ELCTLT:22DUF,+50-1D1, 10V 55680 ULB1A221TPAANA 
A9J35 131-1857-00 TERM SET,PIN:36/0.025 SO PIN,ON 0.1 CTRS TK1483 082-3643-SS10 
A9P75 131-2963-00 CONN,RCPT,ELEC:MALE,3 X 32,0.1 CTR -81312 94P032110105-589 
A90535 151-0190-00 TRANSISTOR:NPN,SI,TO-92 80009 151-0190-00 

A9R219 315-0511-00 RES,FXO,FILM:510 OHM,Sl,0.25M 19701 5043CX510ROJ 
A9R237 315-0101-00 RES,FXO,FILM:100 OHM,Sl,0.25M 57668 NTR25J-E 100E 
A9R241 315-0222-00 RES,FXD,FILM:2.2K OHM,Sl,0.25M 57668 NTR25J-E02K2 
A9R243 315-0222-00 RES,FXO,FILM:2.2K OHM,Sl,0.25M 57668 NTR25J-E02K2 
A9R319 315-0511-00 RES,FXO,FILM:510 OHM,Sl,0.25M 19701 S043CX510ROJ 
ASR337 315-0222-00 RES,FXO,FILM:2.2K OHM,Sl,0.25M 57668 NTR25J-E02K2 

A9R339 315-0222-00 RES,FXO,FILM:2.2K OHM,Sl,0.25M 57668 NTR25J-E02K2 
A9R429 315-0222-00 RES,FXD,FILM:2.2K OHM,Sl,0.25M 57668 NTR25J-E02K2 
A9R437 315-0222-00 RES,FXO,FILM:2.2K OHM,Sl,0.25M 57668 NTR25J-E02K2 
A9R439 315-0222-00 RES,FXO,FILM:2.2K OHM,Sl,0.25M 57668 NTR25J-E02K2 
A9R442 315-0222-00 RES,FXO,FILM:2.2K OHM,Sl,0.25M 57668 NTR25J-E02K2 
A9R533 321-0258-00 RES,FXD,FILM:4.75K OHM,1~,0.125M,TC=TO 19701 5033E04K750F 

A9R539 321-0268-00 RES,FXO,FILM:6.04K OHM,1~,0.125M,TC=TO 19701 S043ED6K040F 
A9R540 321-0162-00 RES,FXO,FILM:475 OHM,1~,0.125M,TC=TO 19701 S033E0475ROF 
A9R541 321-0268-00 RES,FXO,FILM:6.04K OHM,1~,0.125K,TC=TO 19701 5043E06K040F 
A9R542 321-0162-00 RES,FXO,FILM:475 OHM,1~,0.125K,TC=TO 19701 5033E0475ROF 
A9R631 315-0302-00 RES,FXO,FILM:3K OHM,Sl,0.25M 57668 NTR25J-E03KO 
ASR635 315-0511-00 RES,FXO,FILM:510 OHM,Sl,0.25M 19701 5043CX510ROJ 

A9R643 321-0059-00 RES,FXO,FILM:40.20HM,0.Sl,0.125M,TC=TO 91637 CMF55116G40R2DF 
A9R645 321-0059-00 RES,FXO,FILM:40.20HM,0.Sl,0.125M,TC=TO 91637 CMF55116G40R20F 
A9R647 321-0059-00 RES,FXO,FILM:40.20HM,0.Sl,0.125M,TC=TO 91637 CMF55116G40R20F 
A9R648 315-0222-00 RES,FXO,FILM:2.2K OHM,Sl,0.25M 57668 NTR25J-E02K2 
A9R649 321-0059-00 RES,FXO,FILM:40.20HM,0.Sl,0.125K,TC=TO 91637 CMF55116G40R20F 
A9U215 160-3295-00 MICROCKT ,DGTL:OCTAL 16 IN ADI GATE ARRAY,PR 80009 160-3295-00 

GM 

A9U225 160-3294-00 MICROCKT ,DGTL:OCTAL 10 INPUT AND/OR INVERT .80009 160-3294-00 
GATE ARRAY,PRGM 

A9U235 160-3296-00 MICROCKT,DGTL:OUAD 16 INPUT REGISTERED AND/ BOO09 160-3296-00 
OR,PRGM 

A9U347 156-2448-00 MICROCKT ,DGTL: LOCAL AREA NETtUIRK CONTROLLER 34335 AM79900CB 
,SCAN 

A9U413 156-1721-00 MICROCKT,DGTL:OCTAL TRANPARENT LATCH 04713 MC74F373ND 
A9U425 156-1725-00 MICROCKT,DGTL:OCTAl BIDIRECTIONAL XCVR 04713 MC74F245NO 
A9U435 156-1611-00 MICROCKT,DGTL:DUAL 0 TYPE EDGE-TRIGRO FF 80009 156-1611-00 
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A9U513 156-1959-00 MICROCKT,OGTL:64 X 4 NONVOLATILE STATIC RAM 60395 X2210D OR X2210P 
A9U525 156-1962-00 MICROCKT,DGTL:OCTAl BUFFER/LINE DRIVER 04713 MC74F244N 
A9U539 156-1315-00 MICROCKT,INTFC:LSTTL,QUAD DIFF RCVR 27014 DS26lS32NA+ 
A9U613 156-1721-00 MICROCKT ,OGTL:OCTAL TRANPARENT LATCH 04713 MC74F373ND 
A9U625 156-1725-00 MICROCKT,DGTl:OCTAl BIDIRECTIONAL XCVR 04713 MC74F245ND 
A9U639 156-2471-00 MICROCKT,DGTl:MANCHESTER CODE CONVERTER 34335 AM7992AOCB 

A9Y135 119-1460-00 OSCIlLATOR,RF:40.0MHZ 01537 K1114AM 40 MHz 
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A10 670-9296-00 CIRCUIT BD ASSY:3 MB RAM BOO09 670-9296-00 
(OPTION 03) 

A10C45 281-0913-00 CAP,FXO,CER DI:0.1UF,50V,AXIAl 04222 MA105E104ZAA 
A10C50 281-0913-00 CAP,FXD,CER DI:0.1UF,50V,AXIAl 04222 MA105E104ZAA 
A10C179 281-0913-00 CAP,FXD,CER DI:0.1UF,50V,AXIAl 04222 MA105E104ZAA 
A10C205 2B3-0423-00 CAP,FXD,CER OI:0.22UF,+BO-20%,50V 04222 MOO 15E224 ZAA 
A10C210 283-0423-00 CAP,FXO,CER OI:0.22UF,+BO-20%,50Y 04222 M0015E224ZAA 

A10(215 283-0423-00 CAP,FXO,CER OI:0.22UF,+80-20%,50Y 04222 MD015E224ZAA 
A10(220 283-0423-00 CAP,FXO.CER OI:0.22UF,+80-20%,50V 04222 M0015E224ZAA 
A10(225 283-0423-00 CAP,FXO,CER OI:0.22UF,+80-20%.50V 04222 M0015E224ZAA 
A10C230 283-0423-00 CAP,FXO,CER OI:0.22UF,+80-20X,50V 04222 M0015E224ZAA 
A10C235 283-0423-00 CAP,FXO,CER OI:0.22UF,+80-20X.50V 04222 M0015E224ZAA 
A10C240 283-0423-00 CAP,FXO.CER OI:0.22UF.+80-20%,50V 04222 M0015E224ZAA 

A10C260 281-0913-00 CAP,FXO,CER OI:0.1UF,50Y,AXIAl 04222 MA105E104ZAA 
A10C267 281-0913-00 CAP,FXO,CER OI:0.1UF,50Y,AXIAl 04222 MA105E104ZAA 
A10C305 283-0423-00 CAP,FXO,CER OI:0.22UF,+80-20%,50V 04222 M0015E224IAA 
A10C310 283-0423-00 CAP,FXO.CER OI:0.22UF,+BO-20%,50V 04222 M0015E224IAA 
A10C315 283-0423-00 CAP,FXO,CER Ol:0.22UF.+80-20X.SOV 04222 M0015E224IAA 
A10C320 283-0423-00 CAP,FXD,CER DI:0.22UF,+80-20X.SOV 04222 M0015E224ZAA 

A10C325 283-0423-00 CAP.FXO,CER OI:0.22UF,+80-20%,50V 04222 M0015E224ZAA 
A10C330 283-0423-00 CAP.FXO,CER OI:0.22UF,+80-20X.SOV 04222 M001SE224ZAA 
A10C335 283-0423-00 CAP,FXO.CER OI:0.22UF,+80-20X,SOV 04222 M0015E224ZAA 
A10C340 283-0423-00 CAP,FXO.CER OI:0.22UF,+80-20X,50V 04222 M0015E224ZAA 
A10C345 281-0913-00 CAP,FXO.CER OI:0.1UF,50V,AXIAl 04222 MA105E104ZAA 
A10C350 281-0913-00 CAP,FXO,CER 01:0.1UF.50V,AXIAl 04222 MA105E104ZAA 

A10C367 281-0913-00 CAP,FXO.CER OI:0.1UF.50Y,AXIAl 04222 MA105E104ZAA 
A10C373 281-0913-00 CAP,FXO,CER OI:0.1UF,50V,AXIAl 04222 MA105E104ZAA 
A10C379 281-0913-00 CAP,FXD.CER OI:0.1UF.50V,AXIAl 04222 MA10SE104ZAA 
A10C385 281-0913-00 CAP,FXO,CER OI:0.1UF.50V,AXIAl 04222 MA105E104ZAA 
A10C405 2B3-0423-00 CAP,FXO.CER 01:0.22UF.+80-20X,50Y 04222 M0015E224ZAA 
A10C410 283-0423-00 CAP,FXO.CER 01:0.22UF.+80-20X,50V 04222 M0015E224ZAA 

A10C415 283-0423-00 CAP,FXO,CER OI:0.22UF,+80-20X,50V 04222 M0015E224ZAA 
A10C420 283-0423-00 CAP,FXO,CER OI:0.22UF.+BO-20%,50V 04222 140015E224ZAA 
A10C425 283-0423-00 CAP,FXO,CER OI:0.22UF,+80-20%.50V 04222 140015E224ZAA 
A10C430 283-0423-00 CAP,FXO.CER 01:0.22UF,+80-20%,50V 04222 M0015E224ZAA 
A10C435 283-0423-00 CAP,FXO.CER OI:0.22UF.+80-20%,50V 04222 M0015E224ZAA 
A10C440 283-0423-00 CAP,FXO.CER 01:0.22UF,+80-20%,50V 04222 140015E224ZAA 

A10C445 281-0913-00 CAP,FXD,CER OI:0.1UF,50Y,AXIAl 04222 MA105E104ZAA 
A10C450 283-0423-00 CAP,FXO,CER OI:0.22UF,+80-20%,50V 04222 140015E224ZAA 
A10C455 283-0423-00 CAP,FXD,CER Dl:0.22UF,+80-20%,50V 04222 I40015E224ZAA 
A1DC460 283-0423-00 CAP,FXO,CER OI:0.22UF,+80-20%,50Y 04222 140015E224ZAA 
A10C465 283-0423-00 CAP,FXO,CER DI:0.22UF,+80-20%,5DV 04222 MD015E224IAA 
A10C47D 283-0423-00 CAP,FXD.CER DI:0.22UF,+80-2O%,5DV 04222 MDD15E224ZAA 

A10C475 283-0423-00 CAP,FXO.CER DI:0.22UF.+80-20%,5DV 04222 MOO 15E224 ZAA 
A10C480 283-0423-00 CAP,FXD.CER Dl:0.22UF,+80-20%,50V 04222 MD015E224IAA 
A10C485 283-0423-00 CAP,FXD.CER OI:0.22UF,+80-20%,SDV 04222 M0015E224ZAA 
A10C505 283-0423-00 CAP,FXD,CER DI:0.22UF,+80-20%,50V 04222 MD015E224ZAA 
A10C510 283-0423-00 CAP,FXD,CER DI:0.22UF.+80-2O%,SDV 04222 MD015E224IAA 
A10C515 283-0423-00 CAP,FXD.CER DI:0.22UF,+8D-20%,50V 04222 M0015E224IAA 

A10C520 283-0423-00 CAP,FXD,CER DI:0.22UF,+80-20%,50V 04222 M0015E224ZAA 
A10C525 283-01123-00 CAP,FXD,CER Dl:0.22UF,+80-20%,50V 04222 140015E224ZAA 
A10C530 283-0423-00 CAP,FXO,CER Dl:0.22UF,+80-20%,50V 04222 I4D015E224IAA 
A10C535 283-0423-00 CAP,FXO,CER DI:0.22UF,+80-20X,50V 04222 MD015E224ZAA 
A10C540 283-0423-00 CAP,FXD,CER DI:0.22UF,+80-20X,50V 04222 I4D015E224ZAA 
A10C550 283-0423-00 CAP,FXD,CER Dl:0.22UF.+80-20X,50Y 04222 MD015E224ZAA 

A10C555 283-0423-00 CAP,FXD,CER DI:0.22UF,+80-20X,50V 04222 MOO 15E224 ZAA 
A10C560 283-0423-00 CAP,FXD,CER Dl:0.22UF,+80-20%,50V 04222 I4D015E224IAA 
A10C565 283-0423-00 CAP,FXD,CER Dl:0.22UF,+80-20X,SDY 04222 M0015E224ZAA 
A10C570 283-0423-00 CAP,FXD.CER DI:0.22UF,+80-20X,50Y 04222 MD015E224ZAA 
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1l10C575 283-0423-00 CIlP,FXO,CER OI:0.22UF,+BO-20%,50V 04222 MD015E224ZIlIl 
1l10C5BO 283-0423-00 CIlP,FXO,CER OI:0.22UF,+BO-20%,50V 04222 MD015E224ZIlIl 
1l10C5B5 283-0423-00 CIlP,FXO,CER OI:0.22UF,+BO-20I,50V 04222 MD015E224ZIlIl 
1l10C595 281-0913-00 CIlP,FXO,CER 01:0.1UF,50V,IlXIIlL 04222 MA105E104 ZIlIl 
1l10C605 283-0423-00 CIlP,FXO,CER OI:0.22UF,+BO-20%,50Y 04222 MD015E224ZIlll 
1l10C610 283-0423-00 CIlP,FXO,CER OI:0.22UF,+BO-20I,50Y 04222 MD015E224ZIlIl 

1l10C615 283-0423-00 CIlP,FXO,CER OI:0.22UF,+BO-20%,50Y 04222 MD015E224ZIlll 
1l10C620 2B3-0423-00 CIlP,FXO,CER OI:0.22UF,+BO-20%,50Y 04222 M0015E224ZIlIl 
1l10C625 2B3-0423-00 CIlP,FXO,CER OI:0.22UF,+BO-20I,50V 04222 MD015E22411l1l 
1l10C630 283-0423-00 CIlP,FXO,CER OI:0.22UF,+BO-20I,50Y 04222 MD015E224ZAA 
1l10C635 283-0423-00 CIlP,FXO,CER OI:0.22UF,+BO-20I,50Y 04222 MD015E224ZIlA 
1l10C640 2B3-0423-00 CIlP,FXD,CER OI:0.22UF,+BO-20I,50V 04222 MD015E224ZIlll 

1l10C645 2B1-0913-00 CIlP,FXO,CER OI:0.1UF,50Y,IlXIIlL 04222 MA105E104lAIl 
1l10C650 283-0423-00 CIlP,FXD,CER OI:0.22UF,+BO-20%,50V 04222 MD015E224ZAIl 
1l10C655 283-0423-0D CIlP,FXD,CER OI:0.22UF,+80-20I,50V 04222 MOO15E224ZIlA 
1l10C660 283-0423-00 CAP,FXO,CER DI:0.22UF,+80-20%,50Y 04222 MD015E224ZAIl 
1l10C665 283-0423-00 CAP,FXD,CER OI:0.22UF,+BO-20t,50Y 04222 MD015E224ZAA 
1l10C670 283-0423-0D CAP,FXD,CER OI:0.22UF,+BO-20t,50Y 04222 MD015E224ZIlA 

A10C675 2B3-0423-00 CIlP,FXD,CER DI:0.22UF,+80-20I,50Y 04222 M0015E224ZIlll 
1l10C680 283-0423-00 CIlP,FXD,CER OI:0.22UF,+80-20%,50Y 04222 MD015E224ZIlA 
1l10C685 283-0423-00 CIlP,FXD,CER OI:0.22UF,+80-20t,50Y 04222 M0015E224ZAII 
A10C705 283-0423-00 CIlP,FXO,CER OI:0.22UF,+80-20t,SOY 04222 M0015E224ZAA 
1l10C710 283-0423-00 CIlP,FXO,CER OI:0.22UF,+BO-20t,50Y 04222 M0015E224ZAA 
1l10C715 283-0423-00 CIlP,FXO,CER OI:0.22UF,+80-20t,50Y 04222 M0015E224ZIlIl 

1l10C720 2B3-0423-00 CIlP,FXO,CER OI:0.22UF,+80-20t,50Y 04222 M0015E224ZIlIl 
1l10C725 283-0423-00 CIlP,FXO,CER OI:0.22UF,+80-20%,50Y 04222 M0015E224ZIlll 
1l10C730 283-0423-00 CIlP,FXD,CER OI:0.22UF,+80-20t,50V 04222 M0015E224ZAII 
1l10C735 283-0423-00 CIlP,FXD,CER OI:0.22UF,+80-20%,50Y 04222 M0015E224ZAA 
1l10C740 283-0423-00 CIlP,FXO,CER OI:0.22UF,+80-20%,50Y 04222 M0015E224 lllll 
1l10C745 2B1-0913-00 CIlP,FXO,CER OI:0.1UF,50Y,AXIIlL 04222 MIl1 OSE1 04 11111 

1l10C750 283-0423-00 CIlP,FXO,CER OI:0.22UF,+BO-20t,50Y 04222 M0015E224 lilA 
1l10C755 283-0423-00 CIlP,FXO,CER OI:0.22UF,+BO-20t,50V 04222 M0015E2241AIl 
1l10C760 283-0423-00 CIlP,FXO,CER OI:0.22UF,+80-20t,50Y 04222 M0015E224ZAA 
1l10C765 283-0423-00 CIlP,FXO,CER OI:0.22UF,+80-20%,50Y 04222 M0015E224ZIlll 
1l10C770 283-0423-00 CIlP,FXO,CER OI:0.22UF,+80-20%,50Y 04222 M0015E224ZIlll 
1l10C775 283-0423-00 CIlP,FXD,CER OI:0.22UF,+80-20%,50V 04222 MD015E224ZIlll 

1l10C780 2B3-0423-00 CIlP,FXO,CER OI:0.22UF,+80-20t,50V 04222 M0015E224ZIlll 
1l10C785 283-0423-00 CIlP,FXO,CER OI:O.22UF,+80-20t,50Y 04222 MD015E224ZAII 
1l10C795 281-0913-00 CAP,FXD,CER DI:0.1UF,50Y,IlXIIlL 04222 MIl105E104ZAIl 
1l10C850 283-0423-00 CIlP,FXD,CER DI:0.22UF,+80-20%,50Y 04222 M0015E224ZAIl 
1l10C855 283-0423-00 CIlP,FXD,CER OI:0.22UF,+80-20t,50Y 04222 MD015E224ZIlll 
1l10C860 283-0423-00 CIlP,FXO,CER DI:0.22UF,+80-20t,50Y 04222 MD015E224ZIlIl 

1l10C865 283-0423-00 CIlP,FXO,CER DI:0.22UF,+80-20%,50Y 04222 M0015E224ZIlA 
1l10CB70 283-0423-00 CIlP,FXD,CER DI:0.22UF,+80-20%,50Y 04222 M0015E224ZIlIl 
1l10C875 283-0423-00 CIlP,FXD,CER OI:0.22UF,+80-20%,50V 04222 M0015E224ZIlIl 
1l10C880 283-0423-00 CIlP,FXD,CER DI:0.22UF,+80-20%,50Y 04222 M0015E224ZIlIl 
1l10C885 283-0423-00 CIlP,FXD,CER OI:0.22UF,+80-2O%,50Y 04222 M0015E224ZIlll 
1l10C950 283-0423-00 CIlP,FXD,CER OI:0.22UF,+80-20t,50V 04222 M0015E224ZAIl 

1l10C955 283-0423-00 CIlP,FXO,CER OI:0.22UF,+BO-20%,5DY 04222 M0015E224ZAII 
1l10C960 283-0423-00 CIlP,FXO,CER OI:0.22UF,+80-20%,50Y 04222 M0015E224ZIlA 
A10C965 283-0423-00 CIlP,FXO,CER OI:0.22UF,+80-20%,50Y 04222 MD01SE224ZAA 
A10C970 283-0423-00 CIlP,FXO,CER OI:0.22UF,+80-2O%,50V 04222 M001SE224ZAA 
1l10C975 283-0423-00 CIlP,FXO,CER OI:0.22UF,+80-2O%,50V 04222 MD01SE224ZAA 
1l10C980 283-0423-00 CIlP,FXD,CER DI:D.22UF,+80-20t,50V 04222 MD015E224ZAA 

A10C9B5 2B3-0423-00 CIlP,FXD,CER OI:0.22UF,+80-20t,50Y 04222 MD015E224ZAIl 
A10P25 131-2964-00 CONN,RCPT,ELEC:FEMALE,3 X 32,RTIlNG 81312 0965-6043-0731-0 
A10R55 307-0649-00 RE5 NT"K,FXO,FI:8,33 OHM,2%,0.12~ 01121 3168330 
A10R77 315-0472-00 RE5,FXD,FILM:4.7K OHM,st,0.25" 57668 NTR25J-E04K7 
1l10R78 315-0472-00 RES,FXO,FILM:4.7K OHM,st,O.~ 57668 NTR25J-E04K7 
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A10R79 315-01172-00 RES,FXO,FILM:II.7K OHM,5Z,0.25" 5766B NTR25J-EOIIK7 
A10R2115 315-0101-00 RES,FXD,FILM:100 OHM,5Z,0.25K 5766B NTR25J-E 100E 
A10R255 307-06119-00 RES NT"K,FXD,FI:B,33 OHM,21,O.125M 01121 316B330 
A10R355 307-06119-00 RES NTMK,FXD,FI:B,33 OHM,21,O.125M 01121 316B330 
A10U60 156-1973-00 MICROCKT,DGTL:STTL,QUAD 0 FF 07263 711F175PCQR 
A10U67 156-1973-00 MICROCKT,DGTL:STTL,QUAO 0 FF 07263 711F175PCQR 

A10U73 156-1707-00 MICROCKT,DGTL:QUAO 2-INPUT NAND GATE 011713 MC71100(NDORJD) 
A10UB5 156-1751-00 MICROCKT,DGTL:II-2-3-2 INP AND/OR INV GATE 04713 MC7I1F64NDS 
A1DU145 156-1962-00 MICROCKT,DGTL:OCTAL BUFFER/LINE DRIVER 011713 MC74F2114N 
A10U150 156-1962-00 MICROCKT,DGTL:OCTAL BUFFER/LINE DRIVER 04713 MC711F2411N 
A10U173 156-2001-00 MICROCKT,DGTL:TTL,QUAO 2-INPUT MULTIPLEXER 011713 MC711F257 
A10U179 156-2001-00 MICROCKT,DGTL:TTL,QUAD 2-INPUT MULTIPLEXER 04713 MC711F257 

A10U1B5 156-2001-00 MICROCKT,OGTL:TTL,QUAD 2-INPUT MULTIPLEXER 04713 MC711F257 
A10U205 156-2151-00 MICROCKT,DGTL:NMOS,262144 X 1 DRAM 01295 TMSII256-12NL 
A10U210 156-2151-00 MICROCKT,DGTL:NMOS,262144 X 1 DRAM 01295 TMSII256-12NL 
A10U215 156-2151-00 MICROCKT,DGTL:NMOS,262144 X 1 DRAM 01295 TMS1I256-12NL 
A10U220 156-2151-00 MICROCKT,DGTL:NNOS,262144 X 1 DRAM 01295 TMS1I256-12NL 
A10U225 156-2151-00 MICROCKT,DGTL:NMOS,2621411 X 1 DRAM 01295 TMS4256-12NL 

A10U230 156-2151-00 MICROCKT,DGTL:NMOS,2621114 X 1 DRAM 01295 TMS1I256-12NL 
A10U235 156-2151-00 MICROCKT,DGTL:NMOS,26211111 X 1 DRAM 01295 TMSII256-12NL 
A10U240 156-2151-00 MICROCKT,DGTL:NMOS,2621411 X 1 DRAM 01295 TMS4256-12NL 
A10U260 156-1973-00 MICROCKT,DGTL:STTL,QUAD 0 FF 07263 711F175PCQR 
A10U267 156-17113-00 MICROCKT,DGTL:ASTTL,QUAD 2-INPUT NOR GATE 1B324 711F02 NB OR FB 
A10U305 156-2151-00 MICROCKT,DGTL:NMOS,262144 X 1 DRAM 01295 TMS4256-12NL 

A10U310 156-2151-00 MICROCKT,DGTL:NMOS,26211111 X 1 DRAM 01295 TMS4256-12NL 
A1DU315 156-2151-00 MICROCKT,DGTL:NMOS,2621411 X 1 DRAM 01295 TMS4256-12NL 
A10U320 156-2151-00 MICROCKT,DGTL:NMOS,262144 X 1 DRAM 01295 TMS4256-12NL 
A10U325 156-2151-00 MICROCKT,DGTL:NMOS,262144 X 1 DRAM 01295 TMS4256-12NL 
A10U330 156-2151-00 MICROCKT,DGTL:NMOS,2621411 X 1 DRAM 01295 TMSII256-12NL 
A10U335 156-2151-00 MICROCKT,DGTL:NMOS,262144 X 1 DRAM 01295 TMS4256-12NL 

A10U340 156-2151-00 MICROCKT,DGTL:NMOS,2621114 X 1 DRAM 01295 TMS4256-12NL 
A10U345 156-1962-00 MICROCKT,DGTL:OCTAL BUFFER/LINE DRIVER 011713 MC711F244N 
A10U350 156-1172-01 MICROCKT,DGTL:DUAL II BIT BIN CNTR 01295 SN711LS393NP3 
A10U360 156-1973-00 MICRDCKT,DGTL:STTL,QUAD 0 FF 07263 74F175PCQR 
A10U367 156-1743-00 MICROCKT,DGTL:ASTTL,QUAO 2-INPUT NOR GATE 1B3211 711F02 NB OR FB 
A10U373 156-1962-00 MICROCKT,DGTL:OCTAL BUFFER/LINE DRIVER 011713 MC74F244N 

A10U379 156-1962-00 MICROCKT,DGTL:OCTAL BUFFER/LINE DRIVER 011713 MC74F244N 
A10U3B5 160-39113-00 MICROCKT,DGTL:LOGIC ARRAY,PRGM BOO09 160-3943-00 
A10U4D5 156-2151-00 MICROCKT,DGTL:NMOS,2621114 X 1 DRAM 01295 TMS4256-12NL 
A10U410 156-2151-00 MICROCKT,DGTL:NMOS,262144 X 1 DRAM 01295 TMS4256-12NL 
A10U415 156-2151-00 MICROCKT,DGTL:NMOS,2621411 X 1 DRAM 01295 TMS4256-12NL 
A10U420 156-2151-00 MICROCKT,DGTL:NNDS,26211111 X 1 DRAM 01295 TMS4256-12NL 

A10U425 156-2151-00 MICROCKT,DGTL:NMOS,262144 X 10RAM 01295 TMS4256-12NL 
A10U430 156-2151-00 MICROCKT,OGTL:NMOS,262144 X 1 DRAM 01295 TMS4256-12NL 
A10U435 156-2151-00 MICROCKT,DGTL:NMOS,262144 X 1 DRAM 01295 TMSII256-12NL 
A10U440 156-2151-00 MICROCKT,DGTL:NMOS,262144 X 1 DRAM 01295 TMS4256-12NL 
A1DU445 156-1B69-o0 MICROCKT,DGTl:OCTAl DYNAMIC MEMORY DRIVERS 34335 AM29650CB 

M/3-STATE DUT,SCRN 

A10U450 156-2151-00 MICROCKT,DGTl:NNDS,262144 X 1 DRAM 01295 TMS4256-12Nl 
A10U455 156-2151-00 MICROCKT,DGTl:NNOS,262144 X 1 DRAM 01295 TMS4256-12Nl 
A10U460 156-2151-00 MICROCKT,OGTl:NMOS,262144 X 1 DRAM 01295 TMS4256-12Nl 
A10U465 156-2151-00 MICROCKT,DGTl:NMOS,262144 X 1 DRAM 01295 TMS4256-12NL 
A10U470 156-2151-00 MICROCKT,DGTl:NMOS,262144 X 1 DRAM 01295 TMS4256-12Nl 
A10U475 156-2151-00 MICROCKT,DGTl:NMOS,262144 X 1 DRAM 01295 TMS4256-12Nl 

A10U4BO 156-2151-00 MJCROCKT,DGTl:NMOS,262144 X 1 DRAM 01295 TMS4256-12Nl 
A10U485 156-2151-00 MICROCKT,DGTl:NNDS,262144 X 1 DRAM 01295 TMS4256-12Nl 
A10U505 156-2151-00 MICROCKT,DGTl:NMOS,262144 X 1 DRAM 01295 TMS4256-12Nl 
A10U510 156-2151-00 MJCROCKT,DGTl:NMOS,262144 X 1 DRAM 01295 TMS4256-12Nl 
A10U515 156-2151-00 MJCROCKT,DGTl:NNDS,262144 X 1 DRAM 01295 TMS4256-12Nl 
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REPLACEABLE ELECTRICAL PARTS 

Tektronix Serial! Assembly No. Mfr. 
,9oml2onent No. Part No. Effective Dscont Name & Descril2tion Code Mfr. Part No. 

1I10U520 156-2151-00 MICROCKT,DGTL:NMOS,262144 X 1 DRAM 01295 TMS4256-12NL 
1I1DU525 156-2151-00 MICROCKT,DGTL:NMOS,262144 X 1 DRIIM 01295 TMS4256-12NL 
1I10U530 156-2151-00 MICROCKT,DGTL:NMOS,262144 X 1 DRAM 01295 TMS4256-12NL 
1I10U535 156-2151-00 MICROCKT,DGTL:NMOS,262144 X 1 DRIIM 01295 TMS4256-12NL 
1I10U540 156-2151-00 MICROCKT,DGTL:NMOS,262144 X 1 DRAM 01295 TMS4256-12NL 
1I10U550 156-2151-00 MICROCKT,DGTL:NMOS,262144 X 1 DRIIM 01295 TMS4256-12NL 

111 DU555 156-2151-00 MICROCKT,DGTL:NMOS,262144 X 1 DRIIM 01295 TMS4256-12NL 
A10U560 156-2151-00 MICROCKT,DGTL:NMOS,262144 X 1 DRIIM 01295 TMS4256-12NL 
A10U565 156-2151-00 MICRDCKT,DGTL:NMOS,262144 X 1DRIIM 01295 TMS4256-12NL 
A10U570 156-2151-00 MICROCKT,DGTL:NMOS,262144 X 1 DRAM 01295 TMS4256-12NL 
1I10U575 156-2151-00 MICROCKT,DGTL:NMOS,262144 X 1 DRIIM 01295 TMS4256-12NL 
1I10U580 156-2151-00 MICROCKT,DGTL:NMOS,262144 X 1 DRIIM 01295 TMS4256-12NL 

A10U585 156-2151-00 MICROCKT,DGTL:NMOS,262144 X 1 DRIIM 01295 TMS4256-12NL 
A10U595 156-1634-00 MICROCKT,DGTL:STTL,QUIID 2-INPUT 4-81T 07263 74F399 PCQR 

REGISTER,SCRN 
1I1DU6D5 156-2151-00 MICROCKT,DGTL:NMOS,262144 X 1 DRAM 01295 TMS4256-12NL 
1I10U610 156-2151-00 MICROCKT,DGTL:NMOS,262144 X 1 DRAM 01295 TMS4256-12NL 
1I10U615 156-2151-00 MICROCKT,OGTL:NMOS,262144 X 1 DRIIM 01295 TMS4256-12NL 

1I10U620 156-2151-00 MICROCKT,DGTL:NMOS,262144 X 1 ORIIM 01295 TMS4256-12NL 
1I10U625 156-2151-00 MICROCKT,DGTL:NMOS,262144 X 1 DRAM 01295 TMS4256-12NL 
1I10U630 156-2151-00 MICROCKT,DGTL:NMOS,262144 X 1 DRAM 012~5 TMS4256-12NL 
A10U635 156-2151-00 MICROCKT,DGTL:NMOS,262144 X 1 DRIIM 01295 TMS4256-12NL 
1I10U640 156-2151-00 MICROCKT,DGTL:NMOS,262144 X 1 DRIIM 01295 TMS4256-12NL 
A10U645 156-1869-00 MICROCKT,DGTL:OCTAL DYNIIMIC MEMORY DRIVERS 34335 IIM2965DCB 

"'3-STIITE OUT,SCRN 

A10U650 156-2151-00 MICROCKT,DGTL:NMOS,262144 X 1 DRAM 01295 TMS4256-12NL 
1I10U655 156-2151-00 MICRDCKT,DGTL:NMOS,262144 X 1 DRAM 01295 TMS4256-12NL 
A10U66D 156-2151-00 MICRDCKT,DGTL:NMOS,262144 X 1 DRAM 01295 TMS4256-12NL 
A10U665 156-2151-00 MICROCKT,DGTL:NMOS.262144 X 1 DRIIM 01295 TMS4256-12NL 
1I1DU670 156-2151-00 MICRDCKT,DGTL:NMOS,262144 X 1 DRIIM 01295 TMS4256-12NL 
1I10U675 156-2151-00 MICROCKT,DGTL:NMOS,262144 X 1 DRIIM 01295 TMS4256-12NL 

1I10U68O 156-2151-00 MICROCKT,DGTL:NMOS,262144 X 1 ORIIM 01295 TMS4256-12NL 
1I10U685 156-2151-00 MICROCKT,DGTL:NMOS,262144 X 1 DRIIM 01295 TMS4256-12NL 
1I10U695 156-0844-02 MICRDCKT,DGTL:SYN 4 BIT CNTR 01295 SN74LS16111(NP3) 
1I10U705 156-2151-00 MICROCKT,DGTL:NMOS,262144 X 1 DRIIM 01295 TMS4256-12NL 
1I10U710 156-2151-00 MICROCKT,DGTL:NMOS,262144 X 1 ORIIM 01295 TMS4256-12NL 
1I10U715 156-2151-00 MICROCKT,DGTL:NMOS,262144 X 1 DRIIM 01295 TMS4256-12NL 

1I1DU720 156-2151-00 MICROCKT,DGTL:NMOS,262144 X 1 DRIIM 01295 TMS4256-12NL 
1I10U725 156-2151-00 MICROCKT,DGTL:NMOS,262144 X 1 DRIIM 01295 TMS4256-12NL 
1I10U73D 156-2151-00 MICROCKT,DGTL:NMOS,262144 X 1 DRIIM 01295 TMS4256-12NL 
1I10U735 156-2151-00 MICROCKT,DGTL:NMOS,262144 X 1 ORIIM 01295 TMS4256-12NL 
1I10U740 156-2151-00 MICROCKT,DGTL:NMOS,262144 X 1 DRIIM 01295 TMS4256-12NL 
A10U745 156-1869-00 MICROCKT,DGTL:OCTIIL DYNAMIC MEMORY DRIVERS 34335 IIM2965DCB 

"'3-STIITE OUT,SCRN 

1I1DU750 156-2151-00 MICROCKT,OGTL:NMOS,262144 X 1 DRIIM 01295 TMS4256-12NL 
1I10U755 156-2151-00 MICROCKT,DGTL:NMOS,262144 X 1 DRAM 01295 TMS4256-12NL 
1I10U760 156-2151-00 MICROCKT,DGTL:NMOS,262144 X 1 DRIIM 01295 TMS4256-12NL 
1I10U765 156-2151-00 MICROCKT,DGTL:NMOS,262144 X 1 DRIIM 01295 TMS4256-12NL 
1I10uno 156-2151-00 MICROCKT,DGTL:NMOS,262144 X 1 DRAM 01295 TMS4256-12NL 
1I10un5 156-2151-00 MICROCKT,DGTL:NMOS,262144 X 1 DRIIM 01295 TMS4256-12NL 

1I10U78O 156-2151-00 MICROCKT,DGTL:NMOS,262144 X 1 DRIIM 01295 TMS4256-12NL 
1I10U785 156-2151:'00 MICROCKT,DGTL:NMOS,262144 X 1 DRIIM 01295 TMS4256-12NL 
1I10U795 156-1800-00 MICROCKT,DGTL:ASTTL,QUIIO 2 INPUT EXCLUSIVE 18324 N74FB6(N8 OR JB) 
1I10U850 156-2151-00 MICROCKT,DGTL:NMDS,262144 X 1 DRIIM 01295 TMS4256-12NL 
1I10U855 156-2151-00 MICRDCKT,DGTL:NMOS,262144 X 1 DRAM 01295 TMS4256-12NL 
1I10U860 156-2151-00 MICROCKT,DGTL:NMOS,262144 X 1 DRAM 01295 TMS4256-12NL 

1I10U865 156-2151-00 MICROCKT,DGTL:NMOS,262144 X 1 ORAM 01295 TMS4256-12NL 
A10U870 156-2151-00 MICROCKT,DGTL:NMOS,262144 X 1 DRAM 01295 TMS4256-12NL 
A10U875 156-2151-00 MICROCKT,DGTL:NMOS,262144 X 1 DRIIM 01295 TMS4256-12NL 
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REPLACEABLE ELECTRICAL PARTS 

Tektronix Seriall Assembly No. Mfr. 
Com~onent No. Part No. Effective Oscont Name & Oescri~tion Code Mfr. Part No. 

A10U880 156-2151-00 MICROCKT,DGTL:NMOS,262144 X 1 DRAM 01295 TMS4256-12NL 
A1DUB85 156-2151-00 MICROCKT,DGTL:NMDS,262144 X 1 DRAM 01295 TMS4256-12NL 
A1DU950 156-2151-00 MICROCKT,DGTL:NMOS,262144 X 1 DRAM 01295 TMS4256-12NL 
A10U955 156-2151-00 MICROCKT ,DGTL:NMOS ,262144 X 1 DRAM 01295 TMS4256-12NL 
A10U960 156-2151-00 MICROCKT,DGTL:NMOS,262144 X 1 DRAM 01295 TMS4256-12NL 
A10U965 156-2151-00 MICROCKT,DGTL:NMOS,262144 X 1 DRAM 01295 TMS4256-12NL 

A10U970 156-2151-00 MICROCKT,DGTL:NMOS,262144 X 1 DRAM 01295 TMS4256-12NL 
A10U975 156-2151-00 MICROCKT,DGTL:NMDS,262144 X 1 DRAM 01295 TMS4256-12NL 
A10U980 156-2151-00 MICROCKT,DGTL:NMOS,262144 X 1 DRAM 01295 TMS4256-12NL 
A10U985 156-2151-00 MICROCKT,DGTL:NMOS,262144 X 1 DRAM 01295 TMS4256-12NL 
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Section 5 

DIAGRAMS LIST 

This section contains the block diagrams and other diagrams 
for the 4404. Some of these diagrams are part of the theory 
section; they are repeated here for easy reference. 

The diagrams are arranged in the following order: 

1. 4404 Interconnection Block Diagram 

2. I/O Board Connector Pin Definitions 

3. Memory Expansion Board Connector Pin Definitions 

4. SCSI (Small Computer Systems Interface) Connector Pin 
Definitions 

5. Logic Extender Board Connector Pin Definitions 

6. Keyboard Interconnection Diagram 

7. Spare Components Diagram 

8. Hard Disk Controller Board Timing Diagram 
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Figure 5-2. I/O Board Connector Pin Definitions. 

4404 COMPONENT-LEVEL SERVICE 5-3 



SECTION 5 
Diagrams 

+ 
D. 
clc 
0.8 
anle 

AD." ., 
anle 

AD.94 
anle3 
D.9 
anlc4 
0.8 
ebu 
0.8 
Err 
Gran 

J2SA 
DConn 

8 
9 
9 
1 
2 

4 
5 
£i 

8 
g 
9 
1 

AO.23 
AD 22 
AD. 1 
AD 28 
AO.19 
AD 18 
A 1;' 
AD 11i 
AD 15 
AD 14 
AO.13 
AO.12 
AD 
AD 19 
AO.89 
AO.88 

.87 
81i 

.85 
84 
83 
82 
8 

.88 
usCVCU! 
Os 

s 
x ~Me,..Ack' 
r 
d 

IKeQ 
IGAck 

J2SB 
DConn 

1 

3 
4 
5 

" " 8 
9 

19 
1 

3 
4 
5 

ll:i 
7 
8 
9 
8 
1 
2 
3 
4 

~::. 

£i 
7 
8 
9 
8 

.12 
MA nt 

J2SC 
DConn 

5610-91 

Figure 5-3. Memory Expansion Board Connector Pin Definitions. 
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Figure 5-6. Keyboard Interconnection Diagram. 
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Figure 5-7. Spare Components Diagram. 
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Section 6 

SCHEMATICS 

Symbols and Reference Designators 
Electrical components shown on the diagrams are in the following units unless noted otherwise: 

Capacitors = Values one or greater are in picofarads (pF). 
Values less than one are in microfarads v,.. F). 

Resistors = Ohms (0). 

Graphic symbols and class designation letters are based on ANSI Standard Y32_2-1975. 

Logic symbology is based on ANSI Y32.14-1973 in terms of positive logic. Logic symbols depict the logic function performed and may 
differ from the manufacturer's data. 

Abbreviations are based on ANSI Y1.1-1972. Other ANSI standards that are used in the preparation of diagrams by Tektronix, Inc., are: 

Y14.15,1966 
Y14.2, 1973 
Y10.5, 1968 

Drafting Practices. 
Line Conventions and Lettering. 
Letter Symbols for Quantities Used in Electrical Science and Electrical 
Eng ineering. 

The following prefix letters are used as reference designators to identify components or assemblies on the diagrams. 

A Assembly, separable or repairable H Heat dissipating device (heat sink, S Switch or contactor 
(circuit board, etc.) heat radiator, etc.) 

AT Attenuator, fixed or variable HR Heater 
B Motor HY Hybrid circuit 
BT Battery J Connector, stationary portion 
C Capacitor, fixed or variable K Relay 
CB Circuit breaker L Inductor, fixed or variable 
CR Diode, signal or rectifier M Meter 
DL Delay line P Connector, movable portion 
OS Indicating device (lamp) Q Transistor or silicon-controlled 
E Spark Gap, Ferrite bead rectifier 
F Fuse R ReSistor, fixed or variable 
FL Filter RT Thermistor 

The following special symbols may appear on the diagrams: 

Functional Blocking 

Decoupled or 
Filtered Voltage --*""-""."+1!;V, 
Circuit Number ---!!--i~ 

;,5 

T 
TC 
TP 
U 

V 
VR 
W 
Y 
Z 

Transformer 
Thermocouple 
Test point 
Assembly. inseparable or non-repairable 
(integrated circuil, etc.) 
Electron tube 
Voltage regulator (zener diode. etc.) 
Wirestrap or cable 
Crystal 
Phase shliter 

Functional 
Block Name 

Jumper Strap 

Hg /,...----, 

Plug to Circuli Board 

Box Indicates Panel 
Controls. Connectors or 
Indicators 

Component TypeNalue 

+sv~ ~n ieoLoR ON l.-
I I I DSS0Z1 

~ ________________________ ~~ __________ ~2~ ~ 

J~el~L-J~----------
+5V ~ +5 VOLTS 

Harmonica Type 
Connector (Square Pin 
Connector) Schmitt Trigger 

Symbol 

Internal Adjustment 
(Screwdriver) 

Pull-up Resistor 
Found on Power Page 

SEL (Value Selected 
at Factory) 

Cut-Strap or Link 

Board Number 

I 

® 

COLOR 
INDICATOR 

ENABLE 

+lSV 
~CNO 

~~I 
TPI':.-/ H3 JI 

~SYNC OUT 

n W1e U Ib'-'------.L'-------<l>-<>--..... --i .. SHUTOWN-Qi '-3) .... 1------

__ -II~ _______ _""_ ___ ~/ '--____ .H-'~-7~ SHuTDWN-Z 

~~~~~~~~~~~~~~ ________ _JI~--------
~ 

Test Pin & Voltage 

Coaxial Connector 

Heal Sink 

ON-page Signal 
(Destination Page 
Number) 

Multi-purpose 
Connector 
Etched CirCUit 
Board Outline 

TITLE,e70 gggg 00 "SSD1BL y, Assembly Number 

~e A2~2 I Board Name • DEFLECT I ON BOARD 
SHEET I 2 OF 3 .J 
~ Sheet Number 
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SECTION 6 
SCHEMATICS 

1. True High and True Low Signals 

Signal names on the schematics are followed by -1 or a -0. A TRUE HIGH signal is indicated by -1, and a TRUE lOW signal is indicated 
by -0. ( 

SIGNAL -1 = TRUE HIGH 
SIGNAL -0 = TRUE lOW 

2. Cross-References 

Schematic cross-references (from/to information) are included on the schematics. The ''from'' reference only indicates the signal "source," 
and the "to" reference lists all loads where the signal is used. All from/to information will be enclosed in parentheses. 

From J350 Pin 6 and To Assembly 1, 
Assembly 1, Sheet 5 '" / Sheet 5, etc. 

(J350-6,A1-S) X-1: D-----i ..... XY-o (A1-S,6,7) 
(-6) Y-1 - . 

./ "" INPUT SIGNAL " OUTPUT SIGNAL 
/ (TRUE HIGH) (TRUE LOW) 

From Sheet 6 

3. Component Number Example 

6-2 

C~ONENT NUH8ER 

T~23 TA2/\ ~seHE"/\TIC 
"SSE"'L.Y L'CIRCUlT 

NUI1BER sue"_"'L.Y _R 
NUl'lllER IlF USEDI 

CHASSIS-MOUNTED CD~NENTS HAVE NO ASSE~LY NUMBER 
~EFIX-SEE END OF RE~L."CE".L.E EL.ECTRIC"L. ~"RTS L.IST 
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SCHEMATICS LIST 

SECTION 6 
SCHEMATICS 

This section contains the schematic diagrams and component 
location diagrams for all circuit boards in the 4404. The tabs in 
this section group the schematics by board. Note that the 
schematics for the monitor and power supply are unavailable at this 
time. 

The schematics are arranged in the following order: 

1. CPU Board Schematics (CPU-1 through CPU-10) 

2. CPU Board Component Locations 

3. I/O Board Schematics (10-1 through 10-5) 

4. I/O Board Component Locations 

5. Memory Expansion Board Schematics (MEMEXP-1 through MEMEXP-3) 

6. Memory Expansion Board Component Locations 

7. Power Supply Schematics (unavailable at this time) 

8. Power Supply Component Locations (unavailable at this time) 

9. Monitor Schematics (unavailable at this time) 

10. Monitor Component Locations (unavailable at this time) 

11. Keyboard Schematics 

12. Keyboard Component Locations 

13. Floppy Disk Controller Board Schematics (FDC-1 through FDC-2) 

14. Floppy Disk Controller Board Component Locations 

15. Hard Disk Controller Board Schematics (unavailable at this time) 

16. Hard Disk Controller Board Component Locations (unavailable 
at this time) 

17. MSU Power Supply Schematic (PSB-1) 

18. MSU Power Supply Component Locations 
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cjjg--1 REF j.1i6~~ ~+su PI5/J2SI 

6.1uF RESETp>-5-.. ~'"":'-·--------h------------Hf_t-------------------------_____ C,,'1tO• RES(TStJITCH-8 

'5V ~ 51 U452 fOSV I ~ RESIN TL 7705A " y~~~~ ¥S50~ U656A 

GN~ 2 0 5 r:£450 3 ~;:0! PORES(T -8 (-2) , I HAlT-0 (-3,6) 

Eu:' '[5Ii] '*".'-~ .... ..,_fu<l~l>c~.----=-I-,...,~. • '[S[~-" (-2,'," 

cD m~~ r - - ~~m (j) ., I ~ HALT-" 

(-2' P'OCLEO-' ---------------------1-_-_--_-_-::::-_-_-_-_--J-:1+----+ty-,"'l., 0 ':I~m~®!sS '2S' r.::LP"s"T'Jr'L5s"::] Ir __ j." '[SET-" 1------------- I I. r,:;,oS 3"" 
_ R~~8 L 13 ~OSS8 --1 P15/J25 

-1140 4Q15 -- ---------------- C1' ClK1E)(T-l 
I 

~3D 3a~'o~_+__:'~1'!\~9~--1r------+------------------------------------------------------~~ 

~20 ~~~1~-+------~~-----+----------------------------------------------------~ 

". 
I 

Cl1(1-
Cl1<3-

"SU U753A 

14 c.>~74F08 ~. 10 ~~~b~~--------------------------------------------------------------~r_--~ 1 •• ~~~'o~~2~~'------_t----~t ~. 
OSC rY7S6 CLR Y~~Y75 

Cl1<8-

I 
Cl1(2-

J2S I 
413t1-4z , "0 

P15'J2s! 
m 

I 

(j) U453A 
~aB R4S1 

iv~,------------~33~------------------------------------------------------------------~~ 

CLI(8E)(T-1 

1 (-4,6) 
1(-,,) 
1 (-3,6) 
t (-6) 

Cl1(2-1 

EE)(T-l 

FIRST USE: 4404 OTHER USES: NOTES: TITLE: 676-8770-80 ASSEt1JLY: 

DATE: 15 JANUARY 1985 CPU BOARD ~~ A1·1 
CONTROL NO. SOA019.AeJl TEKTRONIX, INC. CI 1984 SHEET: 1 OF 10 



RD68.23 THRU A068.12 -+--...,----------------------------T"---------------------, 
(-1) (-1) DISRBlERBUS-l .. --+-----------------------------+---------------------, 

I AO ••.•• ,.r-.," I J (-1) UDS-6 ~+-------------------, 

I .068.2' 2.. " r- "'DS8.23 " -" on .. 
1=1068.28 23 AS 07 ,A068.22 18 48 4Y~ 

O.IS r--- R068.19 1 A7 DEi 16 MlO.2 17 70 7ar~:--;'.nn ::l ~AD68.21 38 
(-1) 0.15 THRU 0.66 _~-+---~--"-'.!-"--__'_IAI B1P'''-I-------t-----, AD68.18 DSp'''-S_.lliJ'''-''-+.,-----'''1'4 60 6a~ I _____ ~ 3' 28 3Y g ~ 

1',-"-,-0.,,,,4'---'-13 A2 B2P'-'-7---,---~--t------+---' 1=101:>11.17 J R6 04 14 MID.1 13 50 5a~ ~HU"'B.~~ 18 
!,,-,,-,-n., ,,-,3'--_'''11=13 83 16 "IO.2 "-A068.1F> " AS 03 13 MIn. 6 8 40 4a~ lAOF:R.?3 14 4A 2Y 7 AO.&,.1 
,D.12 51=14 84 IS M.1 A06S, 15 5 fH 02 11 PA-,-2~ 7 3D 3ar..'__-++----:ri..=.'-'-·~22'-_':''';3. 

1',,,,..0,'U' __ ''jR5 BS 14 "lD.6 -..AOSS.l" G A3 01 18 PA.21 .. 20 2D 5 PA.21 5 2A 0 
,0.16 7 A6 B6 I] PA.22 R068.13 7 :~ 06 9 PR.2H 3 10 11] 2 PA.26 2 lA tY" A .26 

I',,,,--,-,0:'"""'--'''-IA7 87 12 PA.21 9 y~~~~ U4530 RD68 12 8 ,u G U360 IS G Y~1~57 
I',o:",--,-,,",.8~_''-IA8 98 11 PR.28 Ie i!.'---t-_:~":~J714_F") )·,l,.1,+ __ ---"~I; ¥~8180 r!< DE 74lS373 1 5 

r-;t~--~~~-"'_'_1~<j~IR ¥:~~4S ~ ~ CS L-- L-.... 

28 DE kFl068.19 13~ 12 1'1 .... 19 
- L--- lA068. 18 ,. 38 4Y t!!L 

I',-,,-,-,0."u7 __ '<j-;;-;;;- ,. • •. 1' ,.068.22 - .068 '7 6 28 ._ .,_ 
I',O:-"-,-,!e,,,s,-_J~A2 92 17 PA.18 ,1'1068.21 ;: :!8 7 1'1068.16 3 19 3Yr'~~""'~-'-"-"'-J 
1',0:-"-'-""""'--'''11'1393 16 PA.17 A068.2ft 23 A8 07r'~~P"~,~'~'" ••••.. ',.. ',', '3 •• 2Y 7 AD.t7 
1""-0",. """'-_'''11'14 94 15 PA. !ji' ... A06S 19 1 A7 06 16 PA. ut' 
1"JL..!O."",3'-_''1AS 9S t~ PA 15 ... 1'1068.18 2 06 05r"~s.~ •• ~.~'~7,, PA.17 5 21'1 
1""-0-,-"",,,--'_7!jA6 96 13 PA.t4 ... AO~A"'7 J AS 04r--~P.-,-'~S" PR.Hi 2 11'1 
I',~D,-, ••• e u"-~.'jA7 87 12 PA.t ... AD' 1~ 03 fJ PA.1S 15 G 
1',,,,-,-,O""'-""'--''lAB 88 11 PA.12 :~ " A4 02 11 PA.14 I 5 

H-+---""<qG U471 ,:g~ .15 5 1'13 01 18 PA.13 L----

H----'-I' OIR 74F245 ~O:::~~ ~ :~ Oft 9 PA.iS." r-
- "Y~~~~ 1'1068 12 8 lAOGS. 513 48 .!l.. AD.1S 

(~1) lDS~6 .. ;;;t----t-H----------t-j-t--jl~ "II"),! ~6L++---__l_---'--"~I:; ¥~0180 lAOS8 14 18 39 4Y I . ~ ~ l.0<8136 28 illL." 
6 -.... 28~ CS 1'1068.12 l 18 3Yr'~=~,1 

: m~~6 ,_Y~rg~'Fm~~ ~ ~:::~ :: ;: 2Y 7 AJ).U 

5 P"--+~r--lr~J~=>~'---~=t=t==~========j=t=====~--------------------Jll__J------------l_LJ~~PA~'j'i===~' 2. IY" 1'10.12 PA 1 2 11'1 

'-+------">.q', G ¥~'~'7 
~-----4, 

(-1) BGACK-0 

-

1Y" 1'10.16 

Y~f~'7 

L---

U379 

~ 
M~ " 

'MID' J 12 

P1S"J25 

~OD,23 
~AD.22 
~.0.2' 
~RO.2B 
~AD.19 
~AO.t8 
~AO.17 
~RO.16 
~OD.15 
~I=lD.14 
~AO.1J 
~AD.12 

AD.23 THRU AO.12(-316~8) 

I 
MAPSEl-0 (-3) 

l~" 4 P " 
~ A ~'·'__----------------------------------------------------------------------------~.s-",(-') 
• O...!!. 7 L p>:-:-----=:!'-~+------------------------------------~ BLOCk-B (-3> 

(-1) USER-8 I ~ I ~ ,!!i 

~'---
(-3> OT.CK·" -+-++---f-II----------I-t----1-+-I -----++f-1 • ¥lf~R 

I ~~~----~~---------------~~-4-1-------~~~~,r=:PL.--------------------------------------------------------~p~-ft (-1) 
(-1) U-'R-8 -1 

1',,,-,-,0 ''-'!S,--"''!.l-;';-U L:r;;;-;; ,. JL '5 Ir- -- -- -- -- -- --.s-u-~ -.-s-v -- --:,-v- -- -
1',-"-,-0,,,,4'--'-"'-170 ~ 70 70 16 .JL.11 ~,l:J. . 0~fMill[I./OR _0 ~E;. -.0 13 1~ 60 60 15 '----'''''160 GQ tS 0.13 I (. ~;-, 
~n 1? 13 50 sa~''=;:;;::;==+==:::=========+==~~~'J SO 51] 1 -'L 1.a' ~~ ERR /.\. ERR 

- ". • • • 0 " 05'3" OS •• ', 05.5" 1',""--,-,, '-'-~'j4D 4Q 40 4(;1 • '" If' ... 

,o.'e 730 30 6 P1O.2 ~ 730 30' .JL~ 1 
1',,,-,-,0.",,,O'--"'l20 211 5 PUL. t PltL 1 "20 2Q 5 Jl,89 U343 
I',,,,-,D-",,,8~~3~,0 10' .'D."'\. ,rPIO.e 3 '0 10 .JLH. 1 ~' 

(-) MAPCNTlW-fj _-+-----1'----'-'''-1> U371 11 U375 RCO~ N.C. 

R4. 
3"" 

I / C, 74lS273 r1 ~ 74lS374 ~ 0 !lOP'-'-' __ --' 
(-" R[SET-" _+-+-----1I----------v;---' . . .. I ~!i , C OCP12-'-______ --' 

(-]) mpCNTlR-fj --+-----11------------------------' ;'~.89 " B [)BP'L3 ___________ --' 

I ~-~[=>L-.:~=========================================::.--_{'---fO<~.~.~!!!l;a:3,. O.P,,,,, ----------------<~ PRQClED-8 (-1) -t j::j)"i 
(-1)UDS6B~8"'" U659B .J ~LO 

I- -- - 74F82 - -- -- -- -- -- ---- -- -- - -------- -- -- _I,~; 
(-4) 068.11 THRU 068.88 ~l Cl._R 

(-3) ROt1[N-6 ........ T 
(~1) PORES£T-el -1~~----

~_O~_._·._~'Tl7.ND~T"'[~S-' ____________ .~~~_-_-_.-_-_. _~-_~-_~-_~-_~-_~-__ ~~~TT-_'''''T_L_[-' _6-7"'"--_8""7-7_e-_-"'"_-e_~-_c--P~U-~-B~_O-_-A-_R~-D~~~~~~-~~~~~~~~~~~~~~O~-~~~-O~-~_~-_~-<II1-_1r.·sOHs~s'"[~""MBT-,_A-"Y_"~1,,---~_.:.-"~~~ 
_ TEKTRONIX, INC. C> 19B4 _ r:: ~ 



R06814.86 THRU A068.01 _----------------------------------.------------.. 
(-1) 

(-1) U/R-0 
(-4) DS8.15 THRU 0 68.68 

I 
(-1) H RLT-0~ . 

(-4) VAD lYl-0 
(-0 UOS-0 
( -1) LOS-0 
(-t) ""-B -(-2) 1=10.23 THRU AO.13 

U179 
~ 

AD.22 'C ~p.7L---_---, 
,RD,2i B Y6P..L--------, 
"iiD."""'o,,20"----_'!.IA 

YO 11 BANK4 

Y3 " BRNK3 

G28 Y2 " BANK2 

G2A Y' 
14 81=1NKl 

~~ -;;-- Ut58 
AOSR.14 26 At3 27128 
A068.1 2 A12 
I=IQ68.12 23 Al1 

R068.11 21 A160 HI 068.1 
A068.16 24A9 0 18068.14 
~~~ A8 0 17 068.13 
~.L~ A7 04 '6 068.1.( 

R068.87 "R60'50S8.11 
AD68~6G 5 AS 0213 068.10 
A06S.aS 6 M 01'2 068.89 
R068 04 7 A3 0 11 068.08 
R068.63 8 A2 
A068.02 9 A1 
R068.81 '6 Aft 

~CS 

_f~ 

~~~ 163 
A068.14 26 A13 ~7128 
R068 13 2 A12 
R068.1223 A11 
AOS811 21 A180 19068.07 
A068.10 24 A9 0 18 068.66 
A068.09 25 R8 OS'7 068.05 
A068.08 3 A7 04'6 068.04 
A068.87 " A6 0 15 068.63 
A068.86 5 AS 0 13 068.132 
A068.85 , A4 01'2 068.01 
AOS8.0" 7 A3 a 11 068.00 
A06a.63 8 R2 
Aa6a.H2 gAt 

,ROSS 81 18 AO 

~ CS 

IE.~ 

BOOT 

~ ~D~ DECOO!] 

AD.'. 'C ~p7L-~--~------------------_+--~------------------------------------~~ 
~ i. 8 Y6p;!.' +--__!--------------------~--~------------------------------------'~. 
~A ~~,.+--__!--------------------~--~------------------------------------'~. 

P1S I 
.22 .,. 
.2. 

Y4 11 
Y3 12 

..2< G2B Y2 o!.L 
J~i I 

PA~~ , 
L-----41~ •• ~-G2A Y1~14~------------------------~--~-----------------------------------2~. 

(-1 ) ltHACKCYCLE -8 --------------------t---------"-I ~ G1 YeI>'-'15~------------------------t_--t_-----------------------------------"= • 
~ • G1 Y6 15 BI=INK0 .2. 

-

EN-H (-9) 

[PROM1 -8 
[PROM2-0 
1/OSEl-8 

0[BUGRAM-0 

EXPS[l-0 
SPAR[8-8 

• OISPLAY-0 (-s) ~ ~ ~----------~ 
BANK0-0 (-6) 

--~-~-,..~~~~~~~~~~.p--~~~~~~~~~=~~~~~~~~~~~~-~~~~~-~~~~~~~~~=~~~~~~~~~~~~~-~~~~~~~~=~~~~~~~~J~~'~'JL~~'~'~r_------------________ t===J2=5~~~I~. DEBUGSEL-O 

(_~; ':L~=: _------------------+-1------------------,;.-----=.-+-----------------------------------------'-2----_n"."'mF""-______ • ,,------':"'~"-2·~. BANK1 -8 
(-1 ) CLKO- ~ _-------------------t-t------------------':-1_~_5U • ___ --'.""'-.~ .. BANK2-8 ~ I I'" UB5! U8290 I'" A2.;-- BANK3-0 I·SV ~ ~ff U271 ~~~~ : 7~'fJ,"-5------------1,~~·t:F>B"'2,L'I--------j,;:.:l¥,~~~~)B,L----~r__- '"': BANK"-O L~2fl J 7~8 r;; _ -I -5U J D I 12v l'l.:.I )' 8ERR-B (-1) 

.,,{2"-,s ___ -_--+'-f5::..-+-.+3F2+'+-7~fi+_'_'l.-'-._1_+---'.'_q7 INTERRUPT I 20 5 J C ~ P1S/J2SI 

DEBUGINT-B IP15 ' 6 L,;N~"-1 ' ¥U~~ ~ 8 ." BER.-O 

~~:;~~~:: ~~ H+~H_+--HI_:-:-:<1; A2 6 ..lPL2 6 r-:; A 
TItER INT -6 C II!I '--!-+-+H---t+-Irt--,,"'<j3 A 1"7 PL 1 I 1 ~ lO 

IP15/J2Srl-+--t--+-+H---t--Ht---":"<j2 A6 9 PL0' r -,l: P 

OtRINT-8 C8 11 1 I ...!! y,Tc , 
SPAR[ltH~8 ."C"-. ______ ~-J f'· B 
(-4) VSYtfCINT-6 5 EI J 

t-- ... __ _. --~--- I 
(-1) [-1 ~~~~~~~~~~~~~~~~~~~~~======t=~======================------~ (-1) BUSCYCl[-1-l 

I P 15 1 l __________ ~=======================================================+==============: VAL lOROOR -8 (-4,5) [XTDTRCK -0 ..,0><',,-0 ----------------~'-+H--"q U"65~ ~ 1 IPL2 -8 THRU IPl8 -8 (-t ) I ,---------~--HI_:-':'<l ~~~~0 74Fe8 ~);>-"~-------=-:::-~ OTACK -6 (-1,2) 

•~~~~iL-----~ Li~--~.51,~ /~.L-~~---------------------------------------------------------------------------l~~~------~P~'~5~/J~2~5ru·,~·.ACK_l 
EXTtEt'1KK-6,,~ I 

(-6) r{:MA(K-0 r::; - --- -- ::71 
( -4) DISPf'lCK -8 ~ __ " ____ " _________ ,,,,2,, l!:!?C_E_SS_OR __ AC_KN_D_t.L_EO!:J 

(-2) f'1F".lPSEL -8 ~~~--------"-------------,,"'<i' 
rF-I-.-ST--U-SE-,------.-.-0-.----~r.O~TH~E~R USE 5·-, ----~r.N~O~TE~5~'-------------------------------------------.~TI"T"LrE~,~6~7B~-~B~77~0~-·0 • .-------------------------------r------------------,~.~SS~E~~~Lr.Y~'-------, 

DATE: 15 JANUARY CPU BOARD A1-3 
CONTROL NO.: TEKTRONIX, INC. 0 1984 SHEET: 3 OF 16 



(-1) WR~6 

(-3) rpS[l-f} 

( - 3) VAL IDAOOR-0 

(-1) CLK3-1 

I 
(-1) AD.OJ AND AO.82 

(-1) R[S[T-8 

~ ---

~ U335A 
3 7",r74 

Q ' , 
-sv 

Z,---

~ .. 
·sv • II 

,j;! G P " 12 D P 9 

iJ~m ~ 
A ,li-
L ,J! 

13 

I~3.'A] " I ~ 'a, 

GOATING POI~ 

0"8 ,S 

r-J 
U143 015 

H532081 014 17 068.14 
013'8 068.13 

-sv 012 19 068.12 

011 I!I 068.11 

}345 016 ' 
068.18 

4.7K 
21 SPC 09 2 068.89 

AD.a 22 sn DB' 068.88 
AD.a2 23 5T8 

07 • 
068.87 

06 5 068.86 

os' 068.85 

04 7 ()!;8.8, 

03 • 
068.83 

~ GH09 02 • 
068.82 

H CLK 01'8 068.81 
15 RST 00" 068.68 
~ 

~ ----- -----------------------------------------------------------
(-1) LDS-8 
(-1) UDS-B · ( -5) PREACI(-6 · (-1) cun-t 

I 
(-5) V8LAHK-1 

• 
(-9) UIHT[N-1 

(-1) 0.15 TJ.IRU O.8ei 

(-1e) t.{).lS THIi'U \.A).eo 

( -5) B:USRDEN - t 

I 
( -S) PREVCAS-8 

(-4) PREV!DEOLD-1 
(-5) PREURAS-f) 

( ~S) BUS[N - t 

U82S0 
~~ 74F8£i, t 

--

UBf9C 

~ 8 I. 

t :A. 
.. 

r,-cr-.-sr,--U-SE-'--------,-;;O'TTTH'ER'U"'S"ESOC',----O':;NOT[S: 

ORTE: 

CONTROL NO.: 

J6~"~~1 

r~: ~j 
,[ 

• IZ 0 U'4~O 
il 74F 4 

I 

Q 8 

13 

r r;:TWH 900 , 
l!NO B~ITS~LEA~ ~UMOR~ 

U8f~C 

~~ , . 

,¥mg 

~. 
U8 SA ,?f". 

-~' 

TEKTRONI:<, IHC. (J 1984 

VD. '5 I. r;;;-;llg D. 'So VD.87 18 r;;;-; 19 0.07. 
VD. '4 t? 70 70 '6 0.14 VD.8. 17 70 7Q " D."" 
UO.13 14 60 60 IS D.13. lXI.OS , .. 60 60 '5 n."' 
'Il1.~ 13 50 sol,;> D 1> \oI).a4 13 50 SO 12 D.a4 
VO.11 8 40 040 51 0, II vo.a3 8 040 "0 9 D.a3. 
VO. ,a 

7 3030 ' 
D,Ia. vo.a 

1 3030 ' 
D.a2. 

UO.a9 .. 20 2Q 5 D.a9 vo.a, .. 2D 20 5 0.81 
vo.ao l 10 10 2 o a8 vo.aa J 10 10 2 D.'". 

" 
frG r7~ ¥~~b ,!< DE ~~fb 

17~1 
15 2A3 2'(3 5 

[ 
13 2A2 2Y2 1 

[~ 
2Rl 2'1'1 9 

'A3 1'1'3 , .. 

l~ 'A2 1'1'2 16 

'A' 1'1'1 18 

®D 2G 
'G ~gU 

-

TITLE: 678-8778-88 

CPU BOARD 

~OlYl-e (-]) 

--~l~'~'" 
OISPACIC-H (-3) 

VSVNCIHT-8 (-) 

IXASHI-a (-HI) 

UoRlO-8 (-16) 
~HI-I!I (-un 
Uli'A5H[-0 (-un , 
VIOEOlO-l (-g) 

VCASlO-8 (-18) 
URASLO-8 (-18) 

ASSEt'1Il Y: 

A1-4 
SHEET: 4 OF HI 



-5U U235C 

U319 
?4F 163 

I 
I , 
I 
I 

· , 

--
, . , 

-~ , 

.. C2-1 ( -9) 

-- I .. BUSRD EN-I (-4) 

.. PR[AC K-e (-4) 
PR[u;! A5-8 (-4) .. PREUC A5-0 (-4) 

® 1f,741="32B 2 

OSC It 9 - )'---'--J-~,-"-l>LO '(43$ 
7 2S .2",,",:: 7 p 

® 11'1 TCU~ 

I 
~ .... 

rIRST USE: 44E'J4 

DATE: 2 OCTOBER 1984 

CONTROL NO. SDAeJ' 0;1. Res 

I 
I 
· · I 

r VJDEODATA.' (-9) 
J'2 

'} L1'~ 
[1J: 
~ UIOEOORTA-' 

ff,-e 

--;;f"'-' ---c'---. r;;.Ro;;TALl I 
OCf"<-,---"c----, LT~~~~G..J I 
DB t3. U127 
OAf":!'" ---'-'-, ~ 

®-+ LO YlI.~'63 I ~R8 I 
I ~ 1=17 U131 U1351=1 

U123 ~ P 74LS163 Ie T 

~IS ~L~ 
aD tf 
(;Ie 12 

'----'!:4A6 D6~ I ~ ~74r08 J12 
AS 11 3 b " "o"-,--------------"'tIHSVNC-8 I 5 A4 OSf':.'++----:-H1D 1Q~ /' 

, .. A3 04 8: • .. 20 2Q~ I 
3 03 • G 3D 3Qf!'-~_+_+-~~---------------t~ HSYHC-1 (-g) 

A2 027 • 11 40 40 16 HBLANK-0 (-9) 
QB 13 
DR '4 , 1 :~ 01 ~ • 13 50 sa 1 I 

~ • 15 ~~ 60 GD 15 gf'. 8 UBLANk-l (-4,9) , - - r - -- - , @~ C5 I J I U4390 l ®-':< LO ,--- L.....- 74F"4' h J12 I 
. r;'; p I- I ClR, :.t: 6 1 VSYNC-8 

0~ T I U419 -- - - - • "'1 'Vm~s I , C1~ DB 17]4l5163 I ® '----------'-'-=----------_t~ UBlANK-fi (-8) 

- - - - -t-----------J-0-)-«--:'~'-I>LO OR'-'---=- rUE~R~ I r::: _ -:::-1 J121 

7~3 ~ ~ LT~~~~GJ I ~N~ ~.~ d!). 

OTHER USES: 

RCO i'U c..£L/L ~ 
!lO" 1 I ~ 
OCI"12~-__II_-_, ~, GNO 
081""'--_ __11_--. ~, I ,--;-;-
ORf!''''----__I1-1 I L.!!.. 

0~LO ~:~ I ~~ 
U115 ~7 p '---'-_-4' R6 I ~. ~. 
~3 HI T CLR ~--:;---:12 AS 031'12~+_J 

RCO 15 --=-jF- '-----o--"i3 A4 021''''--+---' 
QO 't 1 C A30t .!.!.. I 
Ile 12 7 A2 

9A 14 Q 5 Aft 
U8 13 , A1 I 

~ '. r-'!< [2 
0~ LO @-+---'< p/Et I 

r,~cY,--~ __ ~ ____ ~~:~_L.....-__ --, : 
I I 

NOTES: TITLE: 670-877E'J-00 

TEkTROH IX, INC. C> 1984 

CPU BOARD 
~IDEO TIMING CONTROL 

A5SEt'8l Y: 

~~ A1-5 
SHEET: 5 OF 18 



r--------------------------4~--------------------------------------------------~====~============~=============4----~r_~~.8 rnRU M.8(-?) 
-

AO.tSl fJr;;- t~r;;- 12 t1A 

~ 38 .y~ ~Ao.,. '. 38 4Y~ ® 
~2B 9 me ~28 9 ~~. l..!.28 
~'B3Y~ ~'83Y~ ~19 
~ 4A 1 t1A c::: trAo • es 14 4A ? t1A 1 1 
~3A2Y~ [,.RD.84113A2Y~ AD.Of 2Y~ 
~ 2R ~ t1A.4, ~ 2A .. MR A. I (-~ 2,~ IY' "'.8. 
[,AO.66 2 fA 1'1'- vAO.B2 2 1A lY~ ~t-------"'- .. 

~ __ ~-1 ____________________ ~ ______________________________________ ~~+-~~r-'S_'_~ _____ ~:_~_~_57 __ ~~+-~r~ __ ,; __ ~ ____ Y_:_~_~5_7 __ -/ r~-~ Y:~~57 
::~:~~::~ ~~:~ :~:~~~ II II L-

t -- ------ -r----------.t----------------------------3-U-2~-6}-~-1----.----.-CO-J.LJ-1S-11-+-t-I-----------------+-t---L-----~:.U-L7-s-53-6-9:3---------__ -:J_ - -~-7-~1~-~-.- -- - -

r:E~H~;;-1 ~o ~-~ L.::..J 5 ( 2(;101'"4------+--".!j, 2At 2'(1 9 
• 8' 13 2 2ae 9 13 2A2 2Y2 ? 
1 A 2U8 te 15 cA3 2Y3 5 tiL 

(-1) E-i ..... -+-1------------Ir------++-----------------------t-------:---:."t I cOAtI 11 2M 2Y4~ 
®~ Lo laD • 'A' 'Y' ~ 

, I 1. P we 5 " lAc 1V2~ 
~T I ~ 1 11lB" & tAJ lY3~ 

faA I 1M lY4~ 
lC 2C H' 2G 

2 12 ~ 1G 

-
-.- -- -- - - -- -, 13¥:~~g '7U4~5?lGll GrRESH COUHT~ 

o t~ It , 

[ --] U859 I I 
R~A!;!!S ~ fl; -, -- -- -- ...L -- -- -- -- -- -- -- -

®--'1 '0 4Q~ 

(-1) 

FIRST USE: 441H OTHEJ? USES: HOTES: TITLE: 670-8778-00 ASSEf"IJl Y: 

DATE: 3 OCTOBER 1984 CPU BOARD ~~GI A1-6 
CONTROL NO. SQA019.A66 TEJ(T~ONIX, INC. Cl '984 SHEET: S or 18 



(-6) n:t.8 THRU m,l') 

(-61 PRERASe!H-1'I 
(-6) PRECASI'lH-1'I ~-f------------' 

I "". 
(-6) I.RHIGH-1 .... --+-~w;>j r -- - me2,AllV, ~-, 

04 fAl 1'1'2 lG I 
(-6) l.RlOW-' .... _-+_--<'--'1£ lAc IV] I .. 

I "" I ® '" 

"'.B 
U5S7 

Ht15.!!256 

(-6) PRERAS1H-8 ---------l-------4++:-f-+---,::q 
(-6) PRECAS1H-3 .... --4------++-R-+--....JJ'<1 

1L--t---41 

U571 
Ht15e!25S 

U575 
HMSe256 

U579 
HMSf!?5S 

US87 
HM58256 

U591 
HMSe!256 

US95 
HMSe!25S 

U483 
74F244 

.15 
0.14 
0.13 
0.12 

I ~~~==r==c~==~=±~r=~~--~ L_ 

( -6) PRECAS6l-6 -, (-6) PR(RAS0l-e -:=1======tt~=t~=~S 

~~~~ 
11 2Al cVlpL.+--+C"''''''''-'-.!CBI-'t----'1 
1 J 2A2 2V2p..c7 +--+C",,,,,~. L,'I-'t-----'! 
15 2AJ 2V]p>.5+--+"" ... ",-,~+---"'1 
17 2A" 2V04Pl-'+--+C'-'''''''''''.'''sl-'t----'''i 
2 fAl 1 VI p!!'I+--+C,-,,,,,,,,,,,,. ,,-41-'t---'J.1 
.. IAl 1'1'2 P!!' +---+C'-'''''''''''. "'31-4 __ --1<j 
6 tAl lY'3b!!"+---+C'-''''''''''' ... 21-4 __ ----''I 

t'R.1 8 IA .. lV04bl'12+.---+C'-'''''''''''.l' I-L---'I 
19 2G Ct'R.8 

® ',. 

(-6> PRERASll-e ... ------------+-" 
(-6) PRECASll-fi .... ------------+---' 

FIRST USE: 44f14 OTHER USES: NOTES: 

OATE: 3 OCTOBER 1984 

CONTROL NO. SORe! 19, Ae!7 
---'--

TITLE: 678-877f1-08 

TEkTRONIX, INC. (') 19K4 

CPU BOARD 
RAM ARRAY 

U475 
74F244 

RSSEf"1JL Y: 

~II& A1-7 
SHEET: 7 or 18 



(-2) AO.16 THRU AO.12 

(-1)AO Ii THRU AD.61 

( -5) URO(U(-6 
(-5) ~LANK-6 

(-1) 0.15 THRU 0.66 

(-3) UroAD-6 

(-5) U'UX·l 

(-5) 8US'UIO-13 

~ 

-
START. tS 6: [) UD ti I.A=IO.15 
START.145( OC" '-"0.1'" 
smRT.13 4 B DB 13 VAn 13/ 
START.12 1 A DAt'l IJAD.l2., 

2 

• LO ~m"3 ,-l:p 
~T 

1 
@ 

~J 
START. 11 6: 0 DO 11 URn 1 , 

TART. HI 5 ( QC 12 veo..1itt 
STRRT .89 4 8 08 13 veO->,R 
SHIRT .6S 3 R UA 14 URO.OS 

• 
• LO US 17 

...1.p 74LS1S3 

...1!T 

C R 
1 

US4! @ ?~4 

O.IS t8 SO Ra 19START 15 

~~ "D.14 17 70 7(;) 16 START .104 
kn.13 14 60 6(;) 15 START. 1 

kD.12 13 50 5Q 12 START. 12 START.S7 '0 QD II VAO.87. 

kD.l1 8 40411 9 START.lt 
START .86 5 C QC 12 UAn.I'IG 

lD.la 730 31] 6 START. HI TART .85 " B aB 13 lIRD.8S 

lO.a9 5 5TRRT.89 
SHlRT.841 A QA'" VAO.IH 

,o.a8 
4 202Q 

2 START .88 
2 

3 10 1Q 
• LD U813 " ,1p 7"'LS163 

®~ DC ~T -
US37 e R 
7~1." 1 

kD.a, 18 8D BQ 19 START. 87 @ 
kD.a. 17 70 7Q Hi START .86 
lD.aS 1<4 60 6Q 15 START.85 

~J. kD.8' 13 50 sa 12 START .IH 
,0.83 8 'lD 41] 9 START .83 STARr. 03 • 0 00" '-"0.03-
'D.02 7 303G1 6 START .82 fSTART. a2 5 C OC" '-"0.82.-
'D.Bi • 5 START 01 START.et iI 9 OB 13 UAD.~i1 202G1 

~,~ 101Q 2 START .88 SHIRT .88 ] A OA tLUAO 00/ 
2 

®--'< DC • LD US09 
- <.?lui p ?4lS163 

•• T 

1 

U74' 
74F253 

AO.l' 13~ 
AD. 15 

1
3 ~~~2Y 9 An.89 

,00.a8 4 1(2 
URO.1S 11 2C1 
VAO. f4 5 1(1 7 
IJAO.BS 111 2C6'Y 
VAO.a? " tce 

"A 
2 B 

15 2G 
1 lG 
~ 

~ 
An.l. 13 2C3 
An.13 

I! ;~:2yg ,An."7 
AD.OS 4 1(2 

VAO 13 II 2Cl 
'-"0.12 5 lCl tL--'-"0.8' 18 2(0 'Y 
IJAO.04 6 1(0 

H • 

• B 15 26 
1 lG 
~ 

An.,. ~ 13 2(3 ,AD. 1 ] le3 
AO.0' t2 2(2 2Y ~ 
AD.0" <4 1(2 

'-"0.11 " 2(1 
VAD.l. 

I~ ;~~ 1Y 7 ""0.83 
'-"0.02 6 lC8 

"A 
2 B 

15 2G 
1 lG 
~ 

~ An.'. I] 2(3 
AD.0S J 1C3 9 

"'0.82 12 2C2 2Y 

~ lC2 
'-"0 .• 9 " 2e. 
VAD.05 S 1Cl ,y ? 

I 
I 
I 
I 
I . 
I 

U535 
~ 
1'2RI2V'~ 
13 2R2 2'1'2 7 ~ll)AD.6 
IS 2A3 2Y3 5 U DAD.S 

17 2A<4 2V4 J uIDAD." 

2 lAl lVI 18 U DAD.] 

.. IA] 1'1'2 .. '1IQflD4' 

6: tAi! lY3 14 U DBJl. t 

8 IA<4 lV<4 H!' vtOAD." 

)D 2G ® "G 
'--

VAD.e4 (-9) 

UlnAD.7 THRU UIDAD.8 
(-18) 

@ URD.Ol 
_______________ ...J 

Ie 2C8 
VAD.88 6 lCO 

"A 

• • B 15 2. , ,. 
RS37 f«J9 

~ 

18. 

OTHER USES: NOTES: TITLE: 678-8778-88 ASSEt'BL Y: 

CPU BOARD ~d& A1-8 
TEKTRONIX, INC. Q 1984 SHEET: 8 OF 16 ______ ~ ____________________________________ L_ ____________ ~L_ ________ ~ 



{-H'JJ VD 15 THRU W.00 

( -5) HSYNC-1 
(-5) B(-0 

,--

U515 
74F299 

~-===--===-----=t 
;~1l. 
G/~G 

~_L-_____ . ___ ~ F /{IF 
~1L-_________ ~ 

E/~E 

~~-----~---~ O/QO 
C/IK 

UO.89 13 8/QB 
lAl.e" 7 A/{lA 

-. 
~5R 12 

llJ 51 

U519 J( 0-,1- 5e 
~.?-""- 0 J G2 

,VO •• , 16 H/QH {lH' 17 )tt G1 w.e. 4 G/QG ~Li!--
UD.iiS 15 F /QF 9 
1..0.04 5 (/QE 
VIl.e3 t .. 0/00 

,VO.e2 6 C/QC 
VO.el 13 8/QB 
~ A/QA 

~SR 
GTPAN REGIST~ 

" 19 51 

0--,l5" 
012G2 

, Gl 

U439E T 
j i4FB~e 9 

V 

1-
_____________ J 

ir R662 U235R 4.7K 

U523 
~ 

QH 13 
QG 12 f-l. OF 11 
OE 18 

00 • 
ll. OC 5 

OB • f--' 0. 3 

-Yo-
O·lL 

'Q,H 
'Q,lL 
0.12 

'Q, 11 
'IL 1lt 
0.89 
0,J!jL 

r----; 13 

~. 
~G 12 
OF 11 

OE '8 

00 • OC 5 ..--E- • 
OB • • 0. ' 

~ .JL 
USCNT 
USCNTL 1 • VSCNl 0 
lISCNT 3 

VSCNTI > 
VSCNTL 1 
VSCNTL. 

"r;-;;--
VSCNl 3 

11 20 2Q 16 
14 30 3Q 15 

13 40 40 " 8 50 50 • VSCNTC3, 

7 60 6Q • vscrm::2. 
4 70 ?Q 5 VSCNTL 1 

3 80 80 2 VS(NTUI 

U427 
74F251 

12 -;.;-

13 06 
14 OS W 

15 04 

1 03 

02 
, 01 
• O. 

• C , .. 
" . 

'~5 
U439F ~ 
74F84 

~ 
12 07 

• 

13 OS 

'4 05 woL--
15 04 

1 03 
2 02 
, 01 

• oe 
• C 

" B ". 7 5 

-

5ERIA 

~IDEO CONTROa 

UINlE 
SCREE 
SCREE 

N-l (-4) 

NO~F-fl (-5) 

NIN~RT-l (-5) 

(-') \.R-fl 

I 
274F32 

rL-J' " U331 r-----------T ?4LS273 

(-1) RESET-fl 
(-5) VIDEODPTP-l 

(-s) HBlANK-6 
(-5) ~LI=lNK-l 

(-8) VPO.iH 

I 
(-3) UIDCNTL-0 

~-

---
;r R662 

4.7K . . ~~~~~ 
5 • (-1) RD-8 

t-
(-1) 0.15 THRU D.flS -- -- -- -- - -- ------ -- -- -- -------

(-3) SOUNO-0 

I 
(-3) BOOTEt'i-fi 

(-5) (2-1 

I 

rIR5T USE ~ 4484 

DATE: 15 JRNUARY 

--- . -

~OUND OUTPU~ 

.. ¥!~~~ 
5 • 

U139 J 7~4 ------- .. 
1'2AI2Yl~ 
132A22'1'21 =:Q.:.14 
IS 2A3 2Y3 S ---.Q...13 
17 2A4 2'14 3 -.IL.~ 

~IAl1Yltl ~11 

ru;;/=ol ~ tAl lYe 16 jL.18 
6 lAC! tV) t4 0.89 

LD~AE~NIOiT~k(S J ',A4,..,4'2 0.88 

G 2G 
1 " 

--------- ---=---
USS3 

,n " 
7~4 -

1. 80 sa 19 3 ~~ ¥m6 -Jl~ I. t? 70 71J 16 
-Jl.13 14 60 6IJ IS 1 02 
,0.12 13 50 sa I 15 03 7 ,0.11 8 4040 13 04 sou 
,0. 18 73030 12 os 
,il:IiQ .. 20 2Q 5 11 D6 

'r::':' 18 07 

pL_~" ]~ • CE •• ~K 
" ¥~~~~ <J--?- SIN ROY' " 
13 11 -

TITLE: 671'1-8770-68 

CPU BOARD 
CONTROL NO.: TEKTRONIX, INC. Q 1984 

-------

r~~~ 
+! 

t"" 'an 

bJ (4S11 
~I'I"VF 

~ ~ 

P15 
A14. 

AI3 j SOUNOOUT 
SPERKER 

RSSEt13LY: 

~~$ A1-9 
SHEET: 9 Ot 10 



VIOAD.7 
V ORO.G 

(-8) VIOAO. 7 THRU VIOAO.e ... ---------...~""'!~-~ 

V ORO.S 
VIDRJ2., 4 
V1QRD.3 
V DR . 
VIDA .1 

VlQB.!h.f1 

(-4) VRASHI-e -----------t 
(-4) VCASHI-3 -.---------t
(-4) IARHI-e -; ... ...----------+-----'<1 

V RO 7 
VI RO.6 
V OAO.5 
V DRO.4 
VIDR .3 
V DAD. 
V RO 1 
V AO.0 

(-4) VRA5l0-8 -.--------t------''ej 
(-4) V(ASlO-fI -..--------t------"'ej 

(-4) ~lO-ei _--------t----~'<l 

U737 
2164 

US37 
2164 

U733 U729 
2164 2164 

) ) 
U633 U629 
2164 2164 

) ) 

U725 m~ U717 U713 U709 
2164 2164 2164 2164 

) ) ) ) ) GOED RAM RRR~ 

U625 US21 ~617 UG13 use9 
2164 2164 16. 2164 2164 

) ) ) ) ) 
I ... _______ -1 _____ ~ ______ ~~t===~~~====~~2:==~~~====~~2=====~=J~======Jr---~-----~-------------------.. ~.15 THRU ~.8a (-4,9) (-1) 0.15 THRU D.aB -! 

~=----------------------------------------------------------------
"'12 VOLTS ~ ," ~12V 

1.15, J25 
" 

~5 VOL T5 

Ip15'J25 

r~ C23 

.,ill 

.C25 

C31 

0.22uF 

;I;) 
C667 C867 
(671 C871 
(675 C875 
(679 (879 

~~~~ ~~B 
e691 (891 

~~~~ ~~~~ ent C971 cns C975 
C779 (979 
(783 (983 
(787 (987 
(791 (991 
(795 eg95 

fl.1uF 

~) 
(58 (254 C519 C737 

~~~ ~~~~ ~~~~ ~~~~ 

~H ~~~r ~~~i ~~~I m5 m5~ m~ ~~~3 
e119 (38 e650 (817 
(123 (41 (656 (8~1 

~ t jT e4~~ ~~~~ ~g2~ 
~ 1 ~~ ~:~~ ~~~~ ~U~ 
C219 C456 (729 C858 
C223 CS 15 (733 C853 

(856 
C862 

-5U 

"'662 
14 4 • 7K 9 CD 

R534 
4.71< 

® 
R513 
4.7K 

CD 
'4 ~~~R 11 

® 
14 ~~~~ 8 

@ 

R535 
160 

® 
R967 , .. 

® 
R231 , .. 

® 
R224 

'". e!) 
R929 

'". ® 
GN°ll 

~C~'2~~ _____________________ ~_ -------1> 

Ip15'J25 
-12 VOLTS •• f'C"'17 __________ ~ --------------..... -12V 

~ ~.~- -------
TEKTRONIX, INC. Q 1984 

I( SUPPLIES 

DEVICE PIN 
TYPE -su 

ALL 14 ,. 
PIN Ie's 

2164 • 41256 (5B256) 

OTHER 16 

" PIN IC'!> 

6353 
" fiLL 20 2. PIN IC's 

All 24 
2' PIN IC'!> 

27128 1,28 

11C68flt0 14,49 

CPU BORRD ~-.!RST 0E~--==~~"~~--_=_~_=r0TH[Rl~- -~--rOTfS 
DATE 15 JRNUARY '985j 

CONTROL NO SDAe!19 A1e! 
- - -- -- - ~ -- --- ~-~ - --~~---~~ ---.-.----------'-~~~~~~-

ONO 

7 

" 
• 
9 ,. 
12 

14 

16,53 



0513 0511 0515 

5610-100 

CPU (670-8770-00) Component Locations. 

4404 COMPONENT-LEVEL SERVICE 



(-2) 80,15 THIilU 80.88 

(-J)CALD STB-B 

(-2) BAO.88 THRU B 
(-3) (ALEN 

AD.Hl 
ORR-a 

FIRST USE, 

DATE: 

I-J) C 
(-3) CAL 

lOS) 

I 

ALAS-' 
05T8-1 
r---

IPB-I 

I 
(-J> S CIA-I 

I 
(-s) RDA-' 

4484 

IS OCTOBER 1985 

CONTROL "0.: 50A828. Aft 1 

~SS 
7~~S 

80~IS AI BIIII 
,00 ] A2 82 11 
. Rn." • AJ BJ I" 
,OD 12 S R4 84[15-
'Rn I , AS 85 u 
~BO. 18 1 A6 B6 1" 
,00.00 

• A7 87 111 
. Rn .•• I A8 88 11 

II. G 
I OIR 
'--

USB 

~ 
IIIlll...Jlll 11 2Al 2VI t 
'1flQ..JIl.' 2A2 2Y2fL-

mLJlli 15 2AJ 2YJfL-
~ 17 2A' 2y.1L--
.I!!llL.M. I A' I Y I II 
j.!ll!..IU. • IA2 IY2" 
i.all.&;:.. IAJ 'YJ" 
~ IA' ,v. ' 

,lJ< 2G 

f--l< IG 
L--

.-~."---14 18K 86 1 

OSC Y.17 X, 'eLK OTACK _. 
7 1.G.G4I1-1Z 

,00. IS <J-f. ~ 
,Rn ,. " 06 

~:~. ,. ;, DS 
8AO.0' 

A' ~ 
,so. 17 ~~ AJ .on ., 

:~ I IiAD:Oi 

·5U 

CR,? ·'2V 

U·\t J ~ ~'7 tl:"68I:'.o~ U'~I, J H~r 
f~~ 

(04887 I. 2.4K 

11 07 OSC,i! UOO 
fJl "AOG 

11 0JPO 

g RDS ,. OJG 8~~~ Il 

I AD" f~i.: C1,0 I~ 03NS 4 ~~~98' 
7 AD] U2NO Q2PO~ 
, AD2 <l-l ] 026 

i .,.,,,~ ""'~ ~~1 S AOI Y1J~T iL • '1 (~ :!!i141 • 32.16SKH 'O,G 01NO • f--t> 
AOB 

~~ 
~ .lur 

--~ 
CKrs 

alPS 1 ~~~' 
R'lJ 

USS 

.. AS R'2 1: ~~~2u ---11 os IK "-
,Ii PS -~ 
~CE .~"e" -~~ 
l'< RESET 

USS 

¢'l 

~I 
1 1. • tK:1.. .. 

~mB -~f I Tl'2J; ~ '"'' fS~B I!J:"A H.C. 
I 14574 n I • 

.5U 

-:1" " 

~'~ R14" 
• ; 3 1M 

Rf:J U~~ R'39 14 A ~~~~9 1M 7;~~1 ' ¥'HlBB 
~141~ 0 

~ I 1 11 ".c. 

-- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- ---
·5U 

~f:l5 
~2];j"~A~ 

+SV ·sv 

J819 

POloEROK-' (-4) 

RD-8 (-3,") 
""-B I-J) 
RESET-I! (-3 .. ·U 

-l 
SCIAACK-8 (-3) 

,OD.10 • 02 
,Rn .• Q " 01 .,88 ~" Kn ~~" ~ UK UK '.1' .~~ ~ : .SO.88 ,. 08 4.1K 

.lI'li. .1l IPS op,l" 

..If1. .1I IP• OP5 " OP. .If.l. IPJ OP4 7 
np,' 

~ Jl IP2 OP3 ' 
i IP1 OP2 I,. 

IPB OP1 I 
OP8 1,. 

<D~ IHACK 
R/I.! 

II 
15: I"T 

cs ,. . 
RESET 

1 ROA TDA ,ll-

(ROB TOB " 

OTHER USES, HOTES: 

vm8 :~~A n n~ ~ 

? .su ' • US 8 1"0'" IP2 

.~ :w T -~u 14k~ ~ I DSR .'" • v IP, 

5' U51\C I. OCD 
v lit--, • IP. 

._148 • RTS \. 

:m~, vmc 
. IPS <D~ .J.14 SRTSIA)I v 11 

~ Ivl Tell( 

<D I ~~UO ~ I~' v 

:r~\C 
maA r ~~l ~~~U IPI 

.... 13I)oU-H.C. 
.. ., v 13 RUBIA 

~~vmo 

TITLE: 61B-811I-BI 

VO BOARD 
TEKTRO"!)', Inc. ID '984 

r-- OP4-' (-5) 
OPl-, (-s) 

TDA-' (-5) 

ASSFr'Bl Y: 

A2-1 of 5 

SHEET: 1 OF 5 



{~4) 0.15 THRU 0.88 _____ 

I J97/ J1J5 7~~5 
0.15 ai' A1 81 II 

D.H CJ A2 82 11 

O. '3 
CS ~ A3 83 I' 

0.12 oil 5 A .. 84 I 

0.11 " , AS 8S I. 

O .• 8 '" 1 A6 96 tJ 

0.89 C1l I A7 97 1 

0.88 tIS , 
A8 99 11 

I J97/ J7JS 

,.-'1<: G 

~ O'R 
'---

7~5 
0.87 ~i17 ~ A' 8,1,. 
0.8& ;'" J A2 82 17 

0.85 III " AJ 83 I 
0.8' ." A ..... IS 

0.83 ;'" AS 8S t4 

D.B2 m A& "Ill 
0.8' 

;m A1 87 I 
D.88 

; ... , A8 88 11 
( ~3) IODAl AErt-8 II. G 

I ~ OIR 
'---

'-3 ) 1"R-1 t [00'" -,=] 
------~ 

J97/ J1JS [I/O ADDRESS] 

AD.'6 ~II 

In L~ BAD.16 It 2Al 2Yl 
AO.'5 IJ 2A2 2Y2 1 8AO.'5 

AD.'" 11 IS ZAl 2Y3 RAD. 

AD.13 11 17 ZR .. 2Y4 BAD.': 

AD.12 '" 'At ly. 11I 8AD.'2 

AD.l' 
, 

~ lAZ IY2 I RAD. 

AO.'8 14 tAJ lY3 , .. 8AO.'8 

AO.89 '5 'Aot tV'" RAD.8' 

I J97/ J1J5 

AZG , .G 
'---

~ 
8AD.88 AD.88 " II 2A1 2V1 

AO.B7 ." , 
2Ae 2Y2 7 OAD.87· 

AD.B& .11 , 
2AJ ZYJ lAD. B& 

AD.RS : ... 17 2A4 2"" IAD.85 

AO.D" A2J IAl 1Vl l,. RAD .• " 

AD.Bl ; ... ~ lAC: 1Y211' lAD .8J 

AO.D2 
:..., p ::: :~:. OAD.82· 

L 
BAO.BI 

• ZG , .G 
'---

AD.8! 
[ ______ ...J 

sOUNDDUT-. ~~~.' 

SP[RKER-1 
1.1UI 

EPRO~-8 ;02' 
EPROM1-D :w 

oEL-------~--~r_----------~~~----------------_t_1--_t------------------t_+_--t_----------------~_t--~----------------_1~--~AD .• 6 (-31 
~ ~ ~ ~ 

J1IIL.1LI!. """... l8I!....1.5.1L """... ~ """ .. , IAD.llLzt.-. .. 
~ A'l :::~ A.l JJlIL.1!...1! A13 BAD." 2S 'J 

Jlm..lL.ll ::~ IlllL 1Ln ::~ ~ A:~ .~ n A'2 

~AI807ia-.tIt..aL BAD " 18D?lLllt..IL ~A'807~ BAD., , :~07~ 
1I"""'~C"...uL=--"~'A9 O&~ ~A9 O&~~ AAD .• 8 .. 9 O&~ ·SAD.11L 'A9 O&~ 

IBI!.n....iI A8 051'~ :~::~: BAD.8' .. 8 Ds 11 BAD.B9 .. 8 os~ 8AD.B9 2S 8 OS~ 
~ '" 00' IAD.lllt A7 0.' RAD.HA 7 O'~ ·1IJllLJIL A7 OO~ 
illlWIL 'A6 OJ~ BAO.S' • 6 OJ.!i.Jl!....11.. ~ 'A6 OJ~ illlWIL 'A6 OJ~ 
l/!lWIi.. 'AS 02~ lI8I!...ti.. A5 Dc~ l/!lWIi.. 5 AS 02~lI8I!...ti.. 'AS 02~ 
II!l1..ti. A4 o.~ iBlWIS.-...iA' o.~ v.J!!lIb!~..ui.~.J~A' o.~ ·8AO.85 AO O'~ 
8AD.BO , 3 OB~ i8l1..J!1. 7 A3 08~ i8l1..J!1. 7 AJ OB~ BAD.BO 7 J oe~ 
JaD..n..J. Ac 'BAD.JlJ_ 2 ~J Ai! IAn.H' 2 
~ A'.I!.8It..R AI ~ AI BAD.B2 • A' 
.i/IIl...I1.l!.AB .18Il...JI1.. • AB I8Il...JI1.. I ABI8Il...JI1..I A8 rL r~ rL ~L 

~~--+-------------~--~~--------------r--+--~-------------+--+-~ 
~~~~~~~~-------------------+--~--------------------t--A~-------------------r--'-----------------------~8AD,'6 ffiRU 8AD.8' I (-'.J.41 

omZ---~--------------------~--------------------r--;---t--+_--------------------------------------------------------------------~AD.8. (-J) 

?4l~mr--- r---------------
,8AD.1& .. 28 cY2I>-"!L.-+---' +SV 

<J-l; 2A I I ., 59? AUOIO OUTPUT 

-.BAD. 16 <J-f:: 2VB,lL- ~~7 R~~I R~~ f ~ ~~16 oit~ I JI92 

~~: 1Y2!>'--' ----' I ~ '+ 'C699 i :fl92 ' LJ I 
'VBP'--' ------------~ I .eur L-- l •• 

oJ!!lL--------------+-t--'-----------------=,----' ~IO ~I~ ~i~XS7ur 

~~------------------------------~_+------------------------------~:------------------------------------------------------------~£PRO~-e (-3) 

om~--------------------------------~------------------------------_7------------------------------------------------------------~£PRDN.-e (-JI 

I I 
".sT USE. 4480 OTHER USES, IOOTEs, TIRE. 618-1771-88 ASSEMBLY: 

DATE, ? rEBRUARV ,glS ~. A2-2of5 
CO"TRDl 100.. SDA82B.ABc SHEET, 2 or S 



.-------------'-----------------------------'---------------------~==~~--------------------------------~~~NDU5[-0 (-4) 
~~~:! -.--------------------------,--1------------------, [S~ ~U~5~M ~[~[] J971 

" 

r5V ~ ClIO TIMERlNT-8 
J97/J7J5 f~:~ Xl N(~\\85 p~ 15lr-228iiiS53i8-'1 I 

[E)(T-' G""""----------4-------'j, Xi' __ ._ 5.Pf"-'-------"~00 TO fI"'-'S~8'P-='-U~r---------""5V ~ 'Q..li J! 0.15 • ""---'''- • 07 587" • 0' TI !Lill.:JL r-
J!lL.ll. "0... 7~m~ BO.14" 06 58. .. • 02 T2 ~!~ '--1'121'1' s -,-.- It J6~~ 
!~ " 0.13 ~ ,~~.~~ ~ 05 585'n '03 TJ~~~ 74L~m ~~_ 5BP-0 

1.> ....... ~'-"~ll'-':""""~'''1s 0.12 .1UJ .• Jr::._ "" 04 51 .. 'Jl &: R4 T1 l' :>tf1-a I( 1r-~~_++f__H_+--....!'l!..)S87-8 
JULll. 10 0.11 BO.11 "0> 583 ' S OS T5 ,. 5B3-0 ---lID V6' - 1r----<4++HH----~ .. ') 5B6-8 
l!lLlll. 23 D.'. ,,~Bo·"!':!-·----~02 S02'" • 06 T6 ' 5B2-8 ~C V5~ 1r------++f__H_+----"~2 585-8 
~ ~ 0 .• ' !f' 1r~:~::~::---'iO, 51' 5 07 T71~ ~:~:: ~. Y4H;~ 1r--------4-.f__H_+--....!'l!.)· 5B'-" 
-""-'-""- -" 0 •• ~~H A ~1U-<!lL.--''1 O. 5.8 • OB T8 - ~ A V3' 4 - Lr---------+-H-f------")' 5B 3-0 

~ :: ~::: m~~~·s~ s 2, ''-~1--:..-~_~_-_-~.-s--v-,~~-::-'.'ll~_~.2~!: :~~~~ ~ ~m ~~~;~: ~ t::::::::::::::::::::::::::::::::~:!:::t:::::::::-~_'_), HE: 
Dn Qt.,. " ~. 1U2 1"_ ~ J1.... U455F ~ ~. 0 •• ' OUTI 'U2 •• A 102 ACK ' •• --' .-, OER2 ~7'LS8' - • 
~ , 0.8>OUT' 14L574A '101 " 10' R .. ~ '--- , , r-----------------.... BUS.RESH-' (-4) 

1/)U<>'_~ ____ '.,4 0.82 ~ID9 U tDt MSG ~ I 
~ "0.8' , ~ A> c,.h ' USS' I'-____ .._SELO-' (-4) 
JJWm. I 0... r~ A2 I'ob Iq ~:~~a. Oft.. 7~3 ~ :~~;"~~~' 

'-21 AO.Ol ..... -----jI----~-,..!'<j~~D 3 :.::..,~ :~ !:~ ~ , ~ II 80 8u l" SACK-I (-" 
II ~ ~ '.l!l!..l1. 11 70 ~REQ-' (-41 

~:: m~u ~ ~ S:;:pl<--_____ --' ':g::~" 60 MSG-' (-4) 

- , , . " cs .~ , 5400 m~E ~ CI~OO:" «=4,» 
,. eLK ~Y:~~'4 80.,8 I,. it;: ~. 102 

.---t---t-----'-HI-++-t---'j' RESET '"' II , Oft Oft 3D 3U~ ....... m. . IGS-l (-,) '-++------------+-_+-I-+-+--f---+H+-+ '--___ J U'SIA ~. 202U ~ ;--TGS-' (-4) 
-_2_HF32 80.88_ '0 ,ul.L-!!i'J. 11- '"V (-~) I 

~~~~:::::~_t-IHrll-Itt1+-IT~======t==::tI="'-3'f==tq;" +,1 ~~~~ m~~ t~~~ :~~( K 'SU 

< -2) BAO.16 lIlRU B~D.Bl ::=~l~l~=~======t==tJ~c=-=+(~-:-:+r~:-~ft-:-~+~-:-:-:+r:-:-tr;-;'f;-~-;;-;-;;-~-;-;-;-~-;;-;-~+;-;-f~-;-:-~;-;-;-;-;-i~-;-;-;-;-;-;-;-;-;J;;;~~~:~:~:~= J9J SCSUNT-e 
(-2) 80.15 THRU 90.88 

(-Il RESH-8 ..... -.,-__ +--+-jf---------------_.,.+-----+-i' .: A7 .. '---- \its ) ~ J97' -J97'r-=iI--lT.--' H> - - ---~ .r- ~ 80 80111- n RB68 • < < 1.2. 
- ~ 70 70 " RB69 I • 1--1* t. ~ ~ GO 60 1S R867 I 7 r.l..!!... 

o ' ~ ~ SO so i'2 :::~:: ~R_I_N_TER_I_NTE_R_r_Ac€J I ~ 
~ '~~m4A ~ ~~ ~~ R8G. I , I!T%-

BAO.'5 3 C Y71>:-'---I-++----II-To!. ~ 20 20 5 R764 I • I.f¥.-
,BAO.14 , 8 Y6PC-'':---I-tJ I' miB ,. ~ '0 ,OI-'-J,A/'v--'R,,7"''''--+Iw-+-':2:---------h I ~ 
.BRO.11 , A V5~ < 11 II ~ I~ 

~~t-' ~~ ¥mS374 ...l-!L'5U l~ 
~G28 y2~~~',~_~-------=::::::::::::::::::::::::~~::::::::::::=t::::::~=:t-I1~_:~-~;:::::::::~1 I~ BAO.16H':~· ~I>",f__f-_+-----------------------_, ,BO.07 , ~~ I~I" 

'------ _ ,AD,., I 70 
o='-----t----~----++--+'l Y~U8 ,BO.BS 60 'SU 

R4S' ,10.8· , SO ~ __ !1. ___ ~ US 8 
t-- ' 1>'~'------------..;3",3",B"'_'_,~-", 5U .BD.B:· ,0 IR777 I HAL 2.4 
t-f.1 P ',', ",8D.B2 , 3D RK64 14.1K I II 2A' 2Y' ~ 

..... ----+------------------H~+'~ ,00.0' • 2020 S 'n ",-- r I 2A2 2Y2~ 
---II-----------+t-+I~ A ~ , ..... , .80.a8 10 ,Ol-'-J,A/V---;I-e-;-'-'-----+'+f"+f"-t'-+-II-+-'-'I' 2A3 2V3~ 

L ~'L ~ V" ~" R766 ~'. , 2A' 2Y' ~ 
L! i ' ¥:m 7~~m9 I 'DC IOn :"':,.-------<~+--t-~' ::~ :~~ 

<)-.!lc _ ~~m Irt+H+H:-t-H-;J:~~ 7Jill"74 1~1l========::::t=~~==~' ::: :~~ 
L......!.. G vet>~' ________________ +--it.'.!.,~~: r m~- -

'------ '-- J ~CALOST8-8 (-1) 
..... ----------------.------.--H~--------j~+~--s:---+...J l! _ _ _ __ J91'J71A.1 EXTDTACK-O 

~:::::::=======:::::::~~[~t=~):>~.L-H~--I~U"¥~i5~"l~~,~~"'~~~!~~ IITt!.:~~~t~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~:!~~~~~~~!~:;~, \-_'," 
~------+--++------~----------------------------------------------------------------_+-----.~STB-IC-.) 

[ - - - - ] L..---------------------------------------------------------------------4-----.. CALOST8-' (-1) 
I~E~~~~S L-------------------------------------------------------------------------------~~MOUSECLK-' C-4) 

m.~ '-------------------------------------------------------------------------------- 100ATAE~-8 (-2) L.. ______ I-______ Ctt~ ______________________________________________________________________________________ .. CALENDAR-BC-') 

J97/ J135 

I/O SEL-8 '" (-2) [PR 0"1-8 

I 
1-2) AD. 16 

(-1)SCIA ACIC-8 
(-2) [PR DMZ-I 

tJ971' J13S 
CLK1E)(T-, :I' 

I 
(-1) RO-8 

UOS-8 
,_ Il. J97' fl3S 

lOS-S ;m 

v 

L--------1------~~~--------------------------------------------------------------------------------------"SCIA-8C-') 

Co,) ~-8 ..... --------------------------------_j~----~·~~)~-~·------------------------------------------------------------------------------------_.~-, C-2) 

FIRST USE, .. 484 OTHER USES: TIRE I "8-1171-8' ASSErtlLY: 

DATE, " JAI1UARY t gaS I/O BOARD A2-3 of 5 

CONTROl no.. SOAB28. A8> lUTlIOIIIK, 11tC. • ,II, SH[[T: 3 or S 



r-------------~----------------------.------------------------------------------------------------~. KBlOOP-' (-5) 

I, ,r-- V493 I P 28X'8 ~ 
US8. U48S ~ ku_ 11I.B7 11 2AI lVI O.IS 0.15 THRU O.BI (-2) 

I 7~7 ~ ~ p c.! ttl.1IG Il 2A2 2VZLJl...a 
XI 11 80 eu-" XI lAST, •• A7 f-! ""-- ~11!,B.5. ,. 2A3 2Y3~ 

'X1IA" " 70 7Q " , A6 <1-' , I'I).B4 ., 2AO 2V • ..L.Q..1Z., I Xl " 60 60 ~I' XllASl AS 0.1-'·--------------------'""""-"1' A 1Ittl .• 3 IAI IVIl!=-~ 
'XlLASl • so so .. AO 03 111 11 L " 'ttl.8e. IA2 IV2~ 

I VI .0 '0 • YfLASl AJ 02tli- '" ttl.8. , IA3 'Y3~ 
"LAS1 , 30 30 ' , A2 o,itt= '5 ·ffi.... lAO IV':JU:ii 

I ~~AS • ~~ ~: ~~_'i2L8SL s:~ ~ Ul. ~ ~: 

I r---j! 6 cit ~~; ~... '- "' .• 7 ~ 
- J Q~AORATUI!E r-: .l' ttl. 86, I ~i19 ~ ... ttl.8S. rttlUSEDUrAl 

(-2) IAO.81 BAD.Be _-------------+-------1--+--+...... 7~9 y-t--t-<l->-::-."l' ~ ~:- ;:::~ L ~gMm~ J 
(-2) 80.~~'),.:;:::g~;~ ~:====:::::----------~f----, : 1 .An .• ~ 28~~~ '--4-H-...:'!!j' L:~ ;:::~ 

,-- I ./ BAO.8' " 2A2YI ~ I .15 ttl.BB. 

~ ~~ ao 1L-. I ,1l. 26 eYe:li ~ ~3~Y8 
~ 60 ¥~H~S273 '-- ~ 
~5D I ,--
~.o .o~----, • 80 80 111 IIl.B? 
~ 3030 I XI "70701" I'I).IIG 

,.-----

~ 20 20:---- I ()<2 " 60 60 III J1!.8S. 

(-3) IoI!STl-8 -:=ii.1 •. ¥~=~=3»~L-~----...!ll1t·O .0 '-- I~! · so so I.l :::~ 
(-]) VIAG-e -- jJJ LL I 8UTTOM ,;~;: 1'1).82-

I 
I 

CR9" I -sv 

I y. f8UTTOM" • 20 20 1'1).81. 
(-I) R[~ET-e I rOUTTnHll 10 10 "-1. •• I 

I 
I 

1-]1 ttlUSEClK-I~-------------------+_t_H-----~-+_-4-------------_t_-----~----~-_t_---~11~ USIS 

I I • DC HAlS3?' 

Il.Ylm I '-
«-J:_7:U:~:::::ii;l • 

-sv , 
L-" r-----' 

__ J716 I f?N I ~6 
----,.------

r 8'i\lp~. f!f. .su L J" i T iF-J --.n ~XI 
II 13 ,11 ~l<2- .sv 

1.1 I. '~-t ,I v. r !!---, 
I I I u: 'U688C V2. I f?lll 
I. I. ..II ~ L :J I, I I, ~ vv __ v .. f' 'aurml1l 

I 
I 
I 
I 

:: : :: :~~~;' I 

_______ ...J 

,.J I - It'dW~cmR 'r------, r------, 
~. Yl~~ ~ ~~.I!SI..ssAn!JL.... -....:;;;;..r- -- -- - -- -- - -- -- -- -- -- __ ..J U'l ·sv I ••• T ••• I v .SV-,-yy.....--•• ~ 

(-]1 IUS.~ESET-I ~---=='-==--------------------------------------------------'11t»~--.., l __ ~ i};; jJ_J I '-----++-HF+"-------++H'-'---------~ 8US.RESET-' 

(-3) SACK-' 
(-]) Ant-' 
(-]) 1'0-' 
(-]) C'0-1 

~~~~~::; :~t.~.~~~-------~-=~-~~l)~~-~~~~~~+----------~~~-------------'~I I05.REQ-8 

t~~~~~~==~::~ :~I>'~"--~'!r _________ '" I 805.1156-' 

~~~L-_'~' 2A'~V'~~~~------, L-~~r_fp~~--JJ~~~-J-~------~~+_----------~i) V" ..... """'--"j2A32Y3 I 8US.C'0-8 

¥~E~24e 'US. 1'0-8 

::~: ~::: .---..!.IeIaG 8US.ATM-8 
I I 6 f.,,;;1t. I 

«-31 T6S-' ~----I----------''-'i )o!l---t .... ¥' ..... J.1..----------j ...... O ...... --' 8US .ACK-8 

I .----::::::::::::::::~::::::::::::~:t::::::::::::::::::::::::::::::::~------~ r------~~l)~~--_t--------~~------l~---------------.~.;I IUS.SEl-! (-]) 16$-' ., I 
(-3) SHO-' IUS.Isv-e 
(-]18SYU-' SELI-' (-3) I BSVlj' (-3) 

fIRST US[, 44e4 OrnER USES, IIOTES, TItlE, &78-8771-l1li ASSEl18l V, 

DATE, 7 FEBRUARV 1915 A2-4 of 5 
COIITRDL MD.. SOAB2e.AB' TEKTROnIX, lite. til It •• SHEET. • or 5 



(-1) OP4J-1 -..-~~~~~~~~~~ 

IJ9n 
K9RDATA-' ( I ! I J;~8BIM CR692 

Ol69] 
=-~~~..L~-'-l-..lY'-""'----- ROA- 1 (-1) 

-'2V 
(-.) KBlOOD-' ~--~~~~--------~~~----~'~5~U~--~------------~--~--------~----~~-t\ 

CR988 CRB89 
t-~~--------~~---it---~~~~~~-+------------------------------------------~------~~--------_IP8-' '-I. 

5. tV CRBBI I 
'l,7.'b81 VR989 J992 

(-1) TOA-t ~--~~~~~-'l .. I I(ITOATA-1 
(-1) OP3-1 I(BR[S[T-I 

L _______ 'lJ.8d'f- _, 8.~~~,pi~i~M I 
rp2 -12V ~ -'2 VOLTS 

N.C{ f1- H.C rs I [!E'I1IOARD INTERFAC~ 2uH I~~~J, I 
f.L- N.C. 3.SA F ':?:IP 

+,2 VOLTS ~-'2\! I U 

_S-:LGVONTD~{ ~,: too -5U 3!J: r too -12u L. -- -- - -- -- -- -- -- -- -- - -- - - --, <r--~-~~~:I:SIS GNU 

{~ I IJ73S L--------J9;j 

I J97 s~H~~ S693 GND 0 .. , 0 GND 
RESETSU-I 0'" ¥~ J73S COLLISION-O·' 20 COLLISION-

B[RA-I DlIlI III 0 9£RR-e TRANSMIT. o· '0 TRANSMIT. 
8GRArtT-8 OAll Alia 8GRANT-8 H.C. 0 AI '0 N.C. 

IU5CyCl[-8 OilS la 0 8U5CYClE-8 RECEIUE.O I., So RE([I~. 
IREQ-a 0 III III 0 BREa-1 GttD 0 An '0 GriD 

BGACK-80'R 'lZOBGACK-I ".C.O"11 ,"ON.Co 
OMAINT-8 0 tI Cl O DMAINT-B N.C. 0 All -0 N.C. 

AO.23 0 " '" 0 AD.2l COLLISION- 0" '0 COLLISION-
AD. Z2 0 Il at 0 AD. ZZ TRArtSMIT - 0 R "0 TRANSMIT-
AO.21 011 rna AO.21 ".(.0 11 lto N.C. 
AD.zeD'· tIl 0 AO.ZI RECEI\,€-O" 12'ORECEIUE-
AD.19 o·s ti· O AD.19 .'2 UlLTSO·5 110 .t2 WLTS 
AO.t' 0" tlS o AD." H.c.a" 140 N.C. 
AD.17 0.7 CAOAO.1? ".c.o" 150 ".c. 

-12 VOLTS ~{U'J735 , J97 J7Jsl 
too '\2U SPAREINT-I 0 (4 COo SPAREINT-I I ClK8[)(T 0 (1. C140 ClKaEXT 

.1 ACIC 0 III. 1"0 ACI( 
e.1uF ----- oSU HALT-aotl' (1'0 HALT-I 

T I:i: I~~'II W';:l ~6~f E><PSEL -I 0'" "'0 E><PSEL-I 
• ~: ~' ~~: (i) ,_. ".. "" -" •• 

-5 VOLTS 

IC SUPPLIES 

O~fE 
PIN 

-SU GNO 

ALL 14 I. 1 
PIN IC '. 

ALL 16 1& 8 PIN IC'. 

ALL 21 ZB 11 
PIN IC '. 

ALL 24 24 12 PIN It'. 

9513 , 21 

27256 t ,2' 14 

68681 '8 2. 
5385 .8 21 

too -12U 

FIRST USE, DTH£R USES, NOl£S, TITLE, 611-817' -II ASSEttlLV, 

A2-50f 5 DATE, I/O BOARD 
l£K11IOIIIlC, lite. • '"4 SHEET, 5 or 5 



5610-101 

1/0 (670-8771-00) Component Locations. 

4404 COMPONENT-LEVEL SERVICE 



AO.19 
RD.18 

AD.17 
AD.16 
AO.15 
AO.14 
AO.13 
AD.12 
AD.l1 
AO.10 
AO.89 
AO.88 
AO.87 

AD.86 
AO.8S 
AO.84 
AD.83 
AO.82 
AO.8~ 

[[XT-l 

HALT-I!! 
ClKeEXT-' 

IS PSS 
'-' 

~ 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
~ 

'" w- -

r---- - ---- . 

~7 
..BQ.li. "'B 4V" til' . 

llIL.14 "38 ~ 

:~ :~: 3V~ 
~ "A 2V 7 ... 1-
!!IL.M "3A ~ 

:1t :~: 1Y~ 
---,l 5 
~G 

.. 
~ 

!!l1..ll. :: '8 'V"2 HO 7_ 
l!O..J.L 38 ~ 
!!l1.." " ... < 
!!l1...ll.. 3~: 3V~ 
lliLH. .. 'A7 HO' _ 

!!l1..!ll. "3A2V~ 
!!l1..!!L , 2A , til 4 
f!!1.,!!§.. "A'V~ 

---,l 5 

,----!!< G 

-su 
_G 28 

~'93Y 
2Vrl-----

lY~ 

m.8 -rnRU t'JI.8 (-2) 

AD." THRU AD.81 (-3) . -
I ~-

'-- /117 

P/~~~S. ~W I 
~. ",," -1l: 

, C I QEFRESH TIt£!:J ' B 
3 A I , -I: 

+5V-r--1 LD I 7 P 
L!!T 
~~ I 

~3 
200 I 
20e 9 

~2 208 " 
20A II 
100 ' 
IOC 5 

I lOB 4 
10A J 

~ 
~-Hf----l":J2Al 2YI ~ 
1-':c--Hf--''''l2A2 2V2~ 
~-Hf--'''~2A3 2Y3~ 
t:'--Hf--,I7:\ 2A4 2Y4 ~ 
1"-+--1f---'l2 lAI , VI ~ 
1-'--11----"!j 1A2 1 Y2 ~ 
C------1f-----:i' IA3 lY3~ 
1-'--11-~1 lA4 lY4~ 

~ 2G 

~ " , ~ 'G 
'-------

Grr.ESH 
I COUNTER L.- __ 

EEXT-1 (-3) 

I ~ £ -T - -----1 L~----11 '0 40" 'm8~ , DAS LATCH~ 
~-----------l------1~~---'--"-'j' 30 30 " I ~,"6"8l 

~='90 : U:!OB' 20 ~~ T - , :: 33 : :: ::~: :H~L} 

~~'~2--~--------t----------------------~-----+-------~-----' 

AO,'8 ~ 3 ?4F88 , 10 1O~ , ,\ '" "AS.8 (-2) 

~ .. sv'-d~ I '---"'I~Q l 1;--- ': :'& RAs.e 
• I ---"1>"-, Q--~ ~~~~7S I I I I RA_S LAT_CHES l,rr ,0 I I 

G--'!'''''~'-S ___ _+_++------____1H------------_I__--__.-__!.j. J '----------'---+-'-'j" 3D 30 " 71 I" CAS~'H 
H----------------~u: ~ I 1" 40 14 ',,' CAS"L} 

o---'c"' .. '-T--+-H-------++-------------+---+-~, G Y,' I ~ 20 • .i ill I L (-2) 
(LK'EXT-, ol""c-'-',,'--+-_-1H-+ ______ _++------------. ~ ~ y~pe4 , J. 20 " CASiB SU lJl c I L-.----------..... :t: 10 '0 3 ,I 1,2 CAS.BH 

BANK 1-8 
BUS CVCLE-8 

OEBUGSEL-B 
DEBUGRAM-B 

!.R-B 
lDS-8 
UDS-B 

FIRST USE, 

-~ '~~m ~~ r---------I-l-L~~~~~:~lll~::-~-~ __ '_-+ __ +-:..-:..-_:.:.:.:::_-:::: ___ -=-_l_____' _~~ ______ ~~_~ ~y" ~ Bl 001-'-'''++-1--_+---_+------, -

-tSU~ --,l A2 Q(I--:'''+-I--+----, I J • '. ~'4 01 aB~ Ur-- ¥4'RR HALT-8 (-3) 

YNN£ " C, QA ' "13 jif) I 
• '. ~NN~ '---+---'-1: :: : P ~~::===='~3~=~~'~' =============-' ___ + ____________ -1 ~~i 

,.J US A ~~,,===============================~=======================================================;-"8"'UYS:JEH_BEx:.2~tIICK-8 fo3\ r - -SU ~ L 1>:l!:--------------1f--------------------------- '0"'0-8 (-2) 
W 'USSB R'7'~- ~ " !.R HIGH-' (-2) 

~.5 1N'aSlE 14F399 4. 7K~ ---- -- loR LOIJ-l (-2) 

m ,-1~ ~€(BA [3:I"ORV TIMING (HAE:] I 
'"" DEBU GSEL -8 (-J) , 

DEBU GRAM-e (3) 

'" 0-821 
o 12i 

!.R-B (-2,J) 
LOS-8 (-3) 

UDS-e (-3) 

441H OTHER USES, NOTES: t THIS JUt"PER (J116) ~S CHANGED TO A CUTSTRAP. TITLE, 678-8773 -88 ASSU1!L Y: 

DATE: REV, AUGUST 1985 MEMORY EXPANSION BOARD ~e I----A_3_-1 __ ---l 
CONTROL NO.: SDA825. Ae1 TEKTROHIX, I"C. Cl 1985 SHUT: I or 3 



tII.8 THRU f'JI.8 
(-0 

(-n{ RAS.8H-8 
CAS.8H-8 

I 
(-1) t.RHIGH-1 

I <-n{ RAS.1H-8 
CAS.1H-8 

i-') BUSEH-8 

i-O {RAS.8L-8 
CAS.8L-8 

I 
{-I} ioRLOIJ-1 

I 
(-1l {RAS.R-8 

CAS.1L-8 

(-I) l,R-8 

I 
{-1) tl:t1W-fi 

fIRST USE: 4404 

,.,. il~9 ,., SH 
,.,7 IJ 2R2 2Y2 7 ,., 7H 
,.,6 15 2A3 2Y3 5 ,., 6H 
,.,< 17 2A4 2Y4 l ,., H 
,.,4 2 

'A' IYl I' ,., 'H 
,." 4 IR2 tY2 " 

,., H 
,.,2 , lA3 tY3 14 ,., ZH 
,." 

• HI4 
tY4 12 

,., IH 

)-0 26 

(i) '~I 

P/O U658 

,.,e ~ 
11 2At 2Yl 9 

" 2A2 2Y2 7 

L!i 2A3 2Y3 5 

(i)-11.: 2G 
'--

~ ~r;;-;;;-~ 
t11 Jl B2 A2~ 
~B3A3~ 

~ ..JJ; 84 A4~ 
~B5A5~ juQ r-tl 86 A6~ t: Jl 87 A7~ 
r--.!}. 98 A8 9 10 88 

19 G 360 
1 orR Y.r24S 
'----------

~ ,.,S ,., SL II 2A1 2Yt 9 
,.,7 13 2Re 2Y2 7 ,.,7 
,.,6 15 2A3 2Y3 5 ,., 6l 
m' 17 2R4 2Y4 l ,., SL 
,.,4 2 IAI tY1 " ,.,. 
,." 4 lA2 IY2 16 ,., 3L 
"'2 6 tAl lY3 141 ,., 2L 
,." I 1AoIf tY4 12 11l' 

)-0 26 (i) 1 'G 

'-- I 

,.,0 ~J l lAl lYl II 

4 1A2 tY2 " 
~ lA3 lY3:l!-

(i)---1.: lG 
'--

~r;;-;;;-~ 1782A2~ 
~83"3~ 
~B'"4~ 
~85A5' 3 

~B6"6~ 
~97A7~ 
ULJ}- 88 A8~ 

" G ~2B~ 1 OIR 4F" 45 
~ 

OTHER USES: NOTES: 

OAT[: REV, AUGUST 1985 

CONTROL NO.: SOA825. AOZ 

Ir;-
U3'~ 412 Ii ~"126 -"'2 r-- 412 r-- U4~2 412 U4~2 ""--"'2 U4~2 -"'2 U448 

r-- 41256 

A7 
tJ A6 

" AS 
11 A4 
12 A3 

A2 
A' ,., "H AO 

4 RAS 
15 CAS 
iloR 

r~ ~~ (~~ (~(~ ~~ f~~ r~ 
til SH ,r;- ~~~~6 -~,S2~~ -~,S~~ r-- 4~~~2 ;-- 4~~J2 -4~~~~ .---- .g62106 .----
,., 7H A7 
,., 6H 13 AS 
,., 5H til AS 
t'JI 4H 11 R4 
,., 3" " A3 
,., 2H A2 
,., IH 

A' ,., OH 
AO 

4 RAS 
t5 CAS 
LIoR 

f~ (~ (~~ r~ f~ (~~ r~1 r~~2\~O' 

,--~m6 - ~12~~ r-- ~12\~ ,--1'12!j;~ -l'i{5~ r--~lls~ r--1'12\~ - U798 
41256 

1 A8 
A7 

13 AS 
18 AS 
11 A4 

1 "3 
A2 
A' ,.,0 AO 

4 RRS 
1S CAS 
LIoR 

r~~ f~1 r~1 f~ (~~ (~~ (~(~1 
,., SL lr;-m~6 -~¥l5~ r-- ~r2~~ r-- ~f~eG -meG -meG r-- ~r2\~ -
til 7L A7 
"'.6L t3 A6 ,., 

'11 RS 
m' 11 A1 
,., 3L 1 A3 
,., 2L 

A2 ml Al 
,., 8L AO 

RAS 
IS CAS 
'-loR 

f~ r~ r~~ f~ r~1 r~~ r~riii~ 

TITlE: 678-8773-80 

MEMORY EXPANSION BOARD 
TEKTROH IX, INC. 0 1985 

10. , 

~ PS5 

~'A"V'~~ 
~2A42Y4~~ 
~'A2'V2-!!--~ 
~2A32Y3~~ 
~ fA3 tY3.!L~ 
~ 2A2 2V2l:-~ 
~ lA4 tY4-!1-~ 
• 00.08 11 2"' 2V' L,.ilia 

19 2G 

u.: 'G 
'--

ro.O 

~ P5S 
~'Al1Y1~tf 

17 2A4 2Y4 .h-+!~!-o 
~1AelYC~~ 
~ 2A3 2Y3-h-~ 
~'A3'Y3~~ 
~ 2A2 2Y2-h-~ 
~'A4'V'~~ 
~2R12Yl~~ 

p~ I 

5 lllRU 10.08 
(-3) 

0.'5 
0.14 
0.13 
D. '2 
0.11 
D. '8 
0.09 
D.OS 

7 lllRU ro.OO 
(-]) 

0.07 
0.06 
O.OS 
0.04 
0.03 
0.02 
0.0' 
0.00 

ASSEl"Bl Y: 

A3-2 
SHEET: 2 or 3 



~rnro ~ omo:J NOT USED ------

~t2 I.AJLTS f-'"''------t--------......... , 2U 

~~~--~---~----<.. -5U 

IC SUPPLIES 

DEVICE PIN 
TYPE '5V GND 

.g.5 UOl TS 

l.1f'!.83 

~~fJJ 14 1 

?4,~S 3 

~~~S~r m~ 16 8 

"256 8 16 

GNO 
m~~~ 28 18 29 5 
1GL8A 

HM6116P 24 12 

6551 15 , 
't C210 

p-"'----1+-""~· ''-'""'-,-----......... -, 2V 

'IRST USE, 4404 TITLE: 618-8713-80 ASSEr-mLY: 

DATE~ REV, AUGUST 1985 MEMORY EXPANSION BOARD A3-3 
L(_O_NT_R_O_l_N_D_._' __ S_D_A"_25.A0_3-L _________ ~ _______________ TE_K_T_RO_N_I_X_._I_NC_._O_'_9_85_~ _____________________ -L _________ -LS_HE_E_T_, __ 3_0_'_3_~ 



BANI(1-8 

8A""2-8 
8ANKJ-8 

U05-8 
lDS-8 
!.R-8 

BUSCYCLE -8 

HALT-8 

(U:eE)<T-1 

CLK1[XT-1 

AO~9-1 

AD9-1 
R018-1 

R08-' 
ADt7-' 

A07-' 
AOIS-' 

AOEl-'! 

AOtS-! 
AOS-' 

AO"'-' 
A04-1 

R01J-' 
R03-' 

R012-1 
A02-1 

EEXT-l 
AOle-~ 

AD11-1 
AD' -1 

1 J55 ... 
o AZ2 

o Ai! .. 

0.2 & 

.O? 

0 82$1 

u. 

18 r - - - - U8S --, 

·sv 

t ~:~ . J 
P'-''---;-----------------------------!!··;!'·OEXTI'£I1lCK-8 

p:::---;----------------------------t~!.RHIGH-' (-21 
P"~---;-----------------------------l~!.RlOU-' (-]1 
t:>;!:-+---------------------------t~r1:t11D-8 (-2,31 

I", 
D-'=-----t_--'.OCI-<:/..-/ 74f64: 

I 
'" 

r.;;5,CAsl 
L..~EJ 

U179 
J55 ~ os 

:::: 4Y~ .,. .. t· 38 3Y~ .,. 
11 3A 

" , 28 
2Y~ .n 

• 2. o. J 18 1Y~ .,. · ,. 
~S 

r-"< G 
'----

UIBS 

.JS5 ~ .. 
:::: 4Y~ ... ... ilt 39 1Y~ ... 
11 3A .. , 
• 28 2Y~ ... s 2" ." , 18 1Y~ .. , · ,. 

~ ~S 
~G 
~ 

co. 
." 

I ... .r-- 1~H~7 
+5~~: 2y7 

3'9,y~ .. , · ,. 
~s 
:~~ 

I 

, 
• 

13 74"'" ,. 

UG1 
I._.lli.lli. 
~40 

49~'~'------+ 
12 rRSS' e :oD 3Q 11 11 I 33 1& RASSH-8 (-2) 

c ,S3: :t.:~ RASSL-8 (-3) 

29"·'-----~+--t-1~,-'-i-1 'W1r_i_(,"",_RAS1H-8 (-2 I 
.. to IS I 12 RAS3l-8 (-]) 

+-+-------'.'1> C 10 3 , I h. RAStH-8 (-2) 
T L _ -' RAS1l-8 (-3) 

I :--1118-'} ~ ~m7-1 

F.--Jf-----;'.;t' 2A4 2Y4~ I ~::-: 
17=-+----:-":12.] 2Y3~ :---- ..... :, (-2,1) 

F-+---''-'l' 2A2 2Y2~ I :--1111-1 
b-_t__---:';j' 20' 2V'~ :---- .... 2-' 
~~--...;·:11A .. 1Y4~ :--11l1-1 

F.------"Oj tA] 'Y3~ I t1=IO-1 
b-----:·;J1A2 lY2~ I 
F--___ '"'e'11A1 lY1~ 

I ~ 2G I rR35S' t U261C U268 ill 33 It 
2 12 ~ 1G ~.l.ID.li CASSH-8 (-2) 

~ _ f"R"E"rRESH couN'T'E'RI - J Hf____----+-:--_t__----+++lH-.....!"-<LJ 1. 
12 30 "",-,, ___ +--,1 2: L _ ...l'S CASSl,-e (-]> 

c:.;; ~ T - -- -- - ~U2678 5 30,...- rR25S-' 
US9S Hr-+-----+--,---f____----+-+-++-----!.d~S'_<t~~.. 20.. 1111 33 17 
~ 3 U267A 20 • I 19 CC"ASS1]HL--B (-2) I 'I ......,H_+-----+-'--l-----+-Hf____--'·'-<::JLJ~ 10 8 (-]1 RCO~ T .--! 1Qp3'----+~!.!'.C!.I""""""".!.S_CAS1H-e (-2) 

I ~: ~ I ~ rl-t--t-------" +. &~ - ~'1 CAS1ll-e (-3) 

A ..w:.J.li r. - , :. ',,~ :'1 0°2, gOf'''-s+-+r-+++-H-----\t) USB 

I 'S'~'g: :LO ' I :~ ~~ 9C!'!"'f____ ~,¥~f:' )3 U138 ·SV ...!.!'40 49~ ':: R~~S :,', RASGH-8 (-21 

s 82 DeL 1~!'l--"~::)L--t_i .... f-L'~;:j74!!r~ .. ~ • ...Jw-++---~~12 RAS6L-8 (-3) 

'I H~--:;;jAA2, QAf'.'-f---HH ...... -l----+--' s 20 r RSS I I ,2 ~,LR I . 81 e]D 3ap"':'" -t--..---t--J1 L -J I 
, , <.I>"-_+-~f____-+~"-i-'>NIr_i_'-t~RAS4H-8 (-2) ~ • ~n' iel II It 

I 0 (-":"=--";I--t+~-r-"-:J· us : 10 ,n 3 21 :': RRS4L-8 (-3) 
.1>"-_+~_t__t_-_+~''''.t'VV\r_:_'_ .. RAS2H-8 (-2) 

¥1r~ - +. L _ ~. RAS2l-8 (-]) 

L_~~.J 
I 
• , 
I 

U74SD ... , 

I U19SC .suJi5o I U79SD t. 
,~ +SV t~ .. 

I 
• 

, 

s , 

~UJ68 U367C 7 .. rt15 • 74ree ~ 
, t. 1230 

U79S8 ~ 30" Hrs, 
s 4 20 
3 ::U361A 2Q • 
IJ ~,o r 1Q 3 

+ 

rRlSSI 
,.1 33 I, 

CAS6H-
• I I, 

8 (-2) 

"I Is 
C.Sst -8 (-]1 

,I I" 
CAS4H-8 (-21 

"I I. 
CAS4L -8 (-]) 

,I 10. 
CAS2H-8 (-2) 

L_J CAS2l-8 (-]) 

I 
r IRsr USE: 4484 ornER USES: TITLE,678-9296-88 ASSEt1!LY, 

DATE! 30 OCTOBER 1985 OPT 33MB RAM BOARD ~t» A3-4 
CONTROL NO.: THTROHI)(, IHe. 0 ,g85 f OF 3 



(-" 

CAS3H-8 __ -------------1-+~+_--------------------------------------------------------------------7J: 
."S3H-.---------------i-+~t---------------------------------------------------------------------~~ 

I P ... O U145 U385 U318 U315 U328 U325 U338 U335 U348 I U58S U518 US1S U528 uses U538 US35 U548 
~ ~ ~ ~ ~G !!lis 41 S5 41 S6 4' 56 i!ru ~ ~' ~6 41 56 ~ !m§ ~ 

-7:::~E~ ~~ 1\\\ I -\ II i\ I II \ I I II 
ii~ I I I I I I i ~ I I / / I I I I 

~:~~~::=::============~=t~~t====~·:~E~ 1.~.~.~.:1.-:1 1.-:1 I ~ .-:1 •. -:1.-:1.-:1.-:1 1.-:1 
~'DI DO~'':'f' ~':if' ~·.:.r· ~··'i(· l·:'.,~, ~"i(' ~"I(:' ~ .. f' ~:;.~. ~";1f' ~:';( · ~::if' ~~if· ~:':i(' ~"i(' ," I 'BANI( 1 UPPER .viV a - 0 0 L-- 0 c; C; .,... L-"'" L-- - (; _ .. ~ - g - I - 0 0 L-- - a L- 0 - L- 0;; L- 0 0 -;; g - ~ ~ - ~ 

~ ~ ~ 0_ 0_ 0 _ _ 0 0_ _ 0 c_ 0_ 0_ 0_ 0 

\.' 

CAS.H-e __ -------------1-+~+---------------------------------------------------------------------7J: 
RRS4H-8 __ -------------1-+~+_--------------------------------------------------------------------~.~ ~~ Z ~PER .~ 
to .. ~_------------+. t.~.t_--------------------------:.-_-:._=_-----_ -_-_-:._=_---_-.::-_-:::-_-,j,;----:.-_-:._=_-.::.-_--, __________________ 1_ 

UG8S U618 US1S U628 U625 U6]8 U635 U648 
~ ~ ~' ~ !!ill mi' !!ill !!ill 

~A8 

~;; 1\ 1\\\ \ \ \ 
~R3 
~.2 ) 
~A1 

) 

~:~~~::....-...----t-+-I--------~ ~~ I.J I.~ i.~ •. ~ .~ .j .j 
(~~(~(L--~(L--l(L--~( -~( -~(-1 

U71JS U1'8 U715 U728 U125 U731 U735 U748 
tlrui 

U158 

~ 
~ ~ ~ ~' ~ !!ill tlrui 

014-'~ 2A4 2Y4 ~ ~ A8 

@] Dt3-1~ 1A2 'Y2~ ~A7 \ 1\ 1--\ 1--\ \ \ \ 
~ lA1 1Y1f'· .. • ________ Je"'S.S'-aD1S } ~ 2A4 2Y4 J CI 014=~ 
~ 1A2 tva ,. cs 013-1 

(-2) ~:~::~ ~:~ ~~~ ~:~ I \ i \ 
D9-l~ 2Ae 2Y2 ~ ~ A4 

D8-1~ lA4 tv4 ~ ~ A3 ) I 
D7-1~ 2A1 2Y1 ~ ~ A2 

18£~ ~:! I 1 I I I I 
(-')~:~~:::---. --t--t-----'<j': E~._:1 1.:-1 I.~ I.J.~ j .:l I ~DI Do~~l B~ B~ ~~ B~ ~S ~I g 

~ - gl~ -~Ej '-~~ '-81~ '---'81Ej '--- ~ij '--- 81i:J - '1 

I f-r_I_R_S_T_U_S_E_' __ ---,,--_____ 4_4_0_4--1lon-tE. USES, 

I OAT[~ 38 OCTOBER 1985 I 
TITLE: 670-9Z96-88 

OPT. 
I CONTROL NO., I TEKTRONIX, INC. 0 ,tiS 

~ 2AJ 2Y3 S C7 012-1 (gJ 
~ 1AJ 1Y3'4 CI 011-1 (-2) 
~ 2R2 2Y2 7 e,' 0018-1 
~ 1A4 tV4 '2 (13 09-1 
~ lA1 2Y1 I c's 08-1 

11 2G 

L..!.: lG 
'---

ASSEtttLY: 

3 3MB RAM BOARD ~e A3-5 
SHEET: 2: OF :3 

I 
I 



(-1) 

(-1) 

I FIRST USE: 1484 

IDATE: 38 OCTOBER 1985 

I CONTROL NO., 

10THER USES, 

I 
I 

U855 
~6 

OPT.3 3MB 
TEkTRONIX, INC. (;) ,98S 

U?55 
~ 

U?68 

~ 
U?65 pm u??e U?75 

~ ~6 
U78B 
~6 

U1BS 
!.!ill 

1\ i\ 1\ \ \ 

RAM BOARD 
ASSEtBLV: 

A3-6 I 
SHEET, 3 or 3 I 



4404 COMPONENT-LEVEL SERVICE 

U18 

..•. lJ5C1I 

j: US1 B ~:: ::;: U62tJ 

+-

:'!: 
:I¥i ;::;U728 

, 
",," 

U738; 

C838.,!, 

UllS 

·:,·1, if:: .• ," 
'.' ~~ 

&. * .~~ .:::. + 
'i' +> i· 

U838 '" t U848 ;; 
. l~ 1· :,~ 

-:} 
:~~ .;~. 

.:~. 

+ <l: 
. ~.:. 

t 
.::' 
$ 

:i:: 

~~ 
!::'f, :3- ::~ 

&£~1.74 ·it .,. 
+(l~Bt 
,~ ., .. 
:!.;: + 

: $" 
:.:. ·i::.,~: :::-, ~;. :.~ ,':;, ::~: 

+ t 
" . ~~: 

<~ 

"" " -+ 

::~: . ::::: 

.:~: ~. 

4· ::~, 

Memory Expansion (670-8773-00) Component Locations. 

5610·102 



nRST USE, GOP EHGIH£ERIHG OTM:R USES, I«IrtS, • rAIl IIOT USED IIITH 119-28'2-l1li (4'851. TITlE I , "-28'2-l1li" "-2829-l1li IISSEltIl YI 

DATE, mRCH 211. j 985 • 'IJS POWER SUPPLY BOARD ~ . A4 -1 4'''''0(4'''' 
CIIIHRQl 1«1.: SDAII29.lIlIl .1I17'Cl<4.87 rtKTROIIIX, Ille. 0 "IS SHEET, , or , 



• • 

Cl 

• 

SP554 

• • 

l1 

• 
Tl • 

• 

LOGIC POWER SUPPLY (119-2012-00)COMPOMENT LOCATIONS 

INPUT: 1fOV/220V- 50 ~ 60HZ 
MAX INPUT: 125~CONT 
MAX OUTPUT: 80W===CONT 

4525--124 



MONITOR POWER SUPPLY CIRCUIT BOARD - SOLDER VIEW 



AC INPUT I lSO/60Hzl 
l1SV: 90- 130Y I 

lJ 22OV: 180- 260Y I 

I 
i 
I ~ 

K22 -

AS - 1 

AC SELECT CONNECTOR 
!115Vor220V) 

----------, 

IMPORTANT SAFETY NOTICE 

THE COMPONENT IDENTIFIED BY SHADING AND THE INTERNATIONAL SYMBOL /1 ON THIS 
SCHEMATIC OIAGRAM INCORPORATES SPECIAL FEATURES IMPOTANT FOR PROTECTION 
FROM X.RADIATION, FIRE AND ELECTRICAL SHOCK HAZARDS, WHEN SERVICING IT IS 
ESSENTIAL THAT ONL Y MANUFACTURER'S SPECIF lED PARTS BE USED FOR THOSE CRITICAL 

COMPONENTS 

MONITOR POWER SUPPLY SCHEMATIC DIAGRAM 



AC SELECT CONNECTOR 
AC INPUT 

150/GOHI ~ 
f 115V or 22011) 

11511 
220V 

90-130'0' I\.' 0®~1 
180-26011 6 A 

~N'~ 'J J-
FG CD @ 

® 
-flOIl ® 

TNP9'5958 

1 125V ~A 

''0 

TNP82843 

A5 - 2 MONITOR MAIN P.C. BOARD SCHEMATIC FOR MODEL K-506T4 

~' S2 

53 

® IEI(T. BRIGHT I 
100l(S 



ICI2 
CN2 AN78M05 

@) @) 
+ 5V DC 16V 

INPUT 
0 + 0 

r<')- ~2 =2 
@) @ ~~r '::;> - -> 

Q Uon 

'" VIDEO OUT 

@ @ 
Hs OUT 

® @ Vs OUT 

e 

VIDEO 013 
JL MA1S0~R 

Q:<t 

5V 3 
(15mA MAX) 

~o 
-rt) 
Q:rt) 

Hs 

LJ 014 ~o 
MAISO -r<') 

Q:r<') 

6 

015 
VS MA1S0 
LJ ICII SN74S38 

TNP95958 

AS - 3 MONITOR SCHEMATIC DIAGRAM FOR INTERFACE CIRCUIT 



!EIGHT V.HOLD V.\..lN 

... ., 
Nil 12 

~It 
Ii' 

H.HOLO J2 

IC2 

Kl E4 I))} 
"'18~CtC3C28 ~ / __ 11&1\ ft 

/' 
R612 t;:\$ 

JI .\2 

VIA 

049 
TP72 

P2 

C85t 
C421 

V,04 

E9 
Et 

to 

MONITOR MAIN P.C. BOARD - SOLDER VIEW 

.. .,VR47 

~ 

R476 D42 

-+I-
-14-
D4t 
R4'i5 

.~ 

.. .rr. 



MONITOR CRT SOCKET CIRCUIT BOARD - SOLDER VIEW 

MONITOR INTERFACE CIRCUIT BOARD - SOLDER VIEW 



CABLE SHIELD • 
~C7 ~ 
.¢rNOT USED 

UZ 
22-8;58-1103 

I x. 
12 11 

ENTER 

· 
2 

• 
7 

• 

• 
• 

IF IRST USE ~ "I "0., I OTHER 

l DATE I M"'ReH 1 1 "85 j 
LCONTROL NO. SOA030. A0 i I 

IC SUPPLIES 

DEVICE PIN 
TYPE ·5V ONO 

7100 , . 1 7407 

22-8"Q09-0B3 2 • ,. 
22-00gS0-ee3 

80"8/87"19 '0 2. 

X2 X3 X4 x5 x. 
15 I. 17 .. 

r ---- ---, 
I JSU I 

RT I I 
OREAI'I. SFT I LEFT RIGHT I X 

, I I 

"- I 
UP DOWN I W 

L ---- ___ J 

FII F'2 S 

LINE SAC~ 
Fe F' FEED SPACE Q 

Rua - • OUT ~ .... FlO 2 

RETURN FZ F. A 

I . ! 
I - F7 F8 • 

SPACE .. F1 Z 

-~--------... --- ---------, 

UP 

U50 U5E .- LEFT RIGHT -to> 71117 71117 

0'" • 51 P2e P2S 50 " 
,. 

V V 

II' DOWN 

" lL--" J xTAL2 

t : 1B I YI~ I II I 
I, I ... U9HHa f 

JSi • '.1 II 12 2 XTAL 1 CURSOR L ____ J 
HOVEMENT 

"V , 
,-Zit ICAPS Loc~1 
I BBO I 
I ill ¥ .. ~ ~c!...g 1~~ 

x. .. 
CAPS 
LOC~ C 

ESC £ 

TAa 0 

-
I R 

• · ... • 
CTAL F 

I • 
[ • 
LT 
SHIFT V 

A. 
x. 

N 

y 

H 

T 

. 
• 
C 

I 
5 

a 

I I 

L~=-~J or 

" LEO 

XI. 

H 

u 

K 

• 
8 

• 
ST~I 
xII . 

oa0~'~'-----~'t~~2~~'+n£~~'----~Vr--~+12V 
u.c v ~ 
H88 CRS A2 

OBI ~l><>"-. ______ -,,N.::.0oT u~ u~ 

Y .. ~ CRe RJ 
oa2f!'.!.. ______ -"O\"»"o'----"N=O,,T u~ u~ 

U'E v CR7 R. 

083;'. I,:ee,. NOT u~ u~ 

? 
/ 1 11 01 Ie 

U1F 
R7~.e. CRS RS 

r~_+_¥21'_tpu, DB .. p'''-.------..!' ... ~t~ _>"~2--N-""ooT u~ u~ v 

p 
2 12 02 17 

, 
; 

J 13 03 II r __ -+-¥20,,-\p, 2 

0 .. H 0'" IS fll---~"!jP'3 
I 

• I IS OS Ii _11 PI .. 

L 1 Ie oe IJ .f!-'-____ -"J2<!P, 6 

, 
• • 11 01 

or f'L----2I'\P, " 

TYPICAL ~ 
MATRIX 

~~IT~~~ -, 

~ 

TITLE, 11g 1872-00 

KEYBOARD I~· 
USES, 

tl.EYTRONIC CORP. 

ASSEHOL y, 

J A6-1 

SHEET. 1 OF I I 



~ 
~ 
o 
~ 

() 
o :s:: 
"0 
o 
:z: 
tzl 
:z: 
1-3 
I 
L' 
tzl 
< 
tzl 
L' 

en 
tzl 
;::0 
< 
H 
() 
tzl 

@o 0D 
@O @O 00 
@D' @O ~O @o 

@O @O ,,, 

-t ... 

m ... 

®O 'Wu 0D 
. . @O ®o @O 00 i ~~+ 

@o @D @O 80 @O~ .. .. 

~O @O ~O 0D ~O~ I~ 
. @D ~O @o @O 00 ~O, ~ ~ , 

f @O @O @O @O @O~ 
t @O @O @O @O ~ ~ i ~ 
i @o @~ O@O@ ... O @D c~~ B 
g ru ru ~ D-< 
t @O @D @O @O @O ~" , -

@O @O @O @O @O 

@O ~n @O @O @O II II 

E1 

@O @D ~TI 

@O ~+l 
@O cUmU 

~II I @O @O @O 
UI II • 

'01 

:111 @O @D @O 
@D @O @O @O 
~ @O @O 

@D ~l 
~ CR3 

CR4 

~O gill \J ~6 E7 E8 



r.:. P~r: ui:,".e uf:,'.· 
RST-e~~~I1--------------------~====================:;========t=1===============~--------------------------------~. R£SET-e 1-2) 

LY (~I 0~ ~ 0 oJ THRU oe-, '-2' 

~~: ~~~~n ~~'m, ~::: ~ 
O .. ~ U ~~"g U UI15 U1S 

D3~~~ ~ABI/O~~' ~ 7~3 ~ +SV 

021!1 ~2: ~ A,7 1/07'0 ln7 til II. 12 rR-2~~- ['" --I 
0112 1 ~~ 'Aft 2"8./0 ... 1

• 5 nc:., ~BOBa 'tAQ1Yhl' 
~~ RAM ~ --~ 11707010 03A 

' ... 4 ~ ....... 11:1 mt, l~eoeal6 " 21\ L J OB" 'A51/0<" ~ ln~" 
~ASl/01~ ~sosal2 l'A 3yh ----- ~ 

~ ~ "1/0'1" ~~: ~ ~ 10 10i!------]' 19 L •. L L.-----,-¥-'-F-f'-f!-·--------_. o-!L--. REQ-. 

U2S 
15602A 

'." :A31/021~' nla. ~30eQI'- " 38 2Vfl ~::: cl~oO_-•• 
~A21/01~ ~20 5 2B I ' n ~ AI n ~ 10 lOiz.- 2 18 ~yP'_----------+.+.1h::+_----------~ Hsc-e 

U ' cs Uri-t-.....!.!IIi> - r~: !~!Hi I ~ 
~ ~~ ~ ~ L ___ JJJ 
B===c:=:== ==::t~~ ~c::::==:::Jc:::::;J a a r;::::::Jc::::=:::J=t:=c::::::J n 7 

U I U HINISEL-e 1-2) 

""5~ ~All1!1 721\ U ~~t:::::Ic=dI 11 ~ ~AII ~'18 n ~~~E~~ +Sv I 
At1~ ~ ~O~ ~Ag07~ ~ r-- -------~ 
A13~ Ib;;~ ~Aaoe~ I ~~= I 
AI 21" AI2, ~ A7 05~' ~!: 71'm~3 7~~~~. L _________ -.J ~ 
All~ n ~"eo .. [:: n'C_ n ~~'"'.'_++-'-"'1~I>L.'__, .... 0.L;7--__<,...''_f''+2'+'+'~.f'_'+"c:.2f'_1J=-----.. ~ 097-. 
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Section 7 
REPLACEABLE 

MECHANICAL PARTS 

PARTS ORDERING INFORMATION 

Replacement parts are available from or through your local 

Tektronix, Inc. Field Office or representative. 

Changes to Tektronix instruments are sometimes made to 

accommodate improved components as they become available, 

and to give you the benefit of the latest circuit improvements 

developed in our engineering department. It is therefore 

important, when ordering parts, to include the following 

information in your order: Part number, instrument type or 

number, serial number, and modification number if applicable. 

If a part you have ordered has been replaced with a new or 

improved part, your local Tektronix, Inc. Field Office or 

representative will contact you concerning any change in part 

number. 

Change information, if any, is located at the rear of this 

manual. 

ITEM NAME 

In the Parts List, an Item Name is separated from the 

description by a colon (:). Because of space limitations. an Item 

Name may sometimes appear as incomplete. For further Item 

Name identification, the U.S. Federal Cataloging Handbook H6-1 

can be utilized where possible. 

FIGURE AND INDEX NUMBERS 

Items in this section are referenced by figure and index 

numbers to the illustrations. 

INDENTATION SYSTEM 

This mechanical parts list is indented to indicate item 

relationships. Following is an example of the indentation system 
used in the description column. 

1 234 5 Name & Descnptlon 

Assembly and/or Component 

Attaching parts for Assembly and/or Component 

Detail Part of Assembly and/or Component 

Attaching parts for Detail Part 

Parts of Detail Part 
Attaching parts for Parts of Detail Part 

Attaching Parts always appear in the same indentation as 

the item it mounts, while the detail parts are indented to the right. 
Indented items are part of, and included with, the next higher 

indentation The separation symbol - - -' - - - indicates the end of 

attaching parts. 

Attaching parts must be purchased separately, unless otherwise 
specified. 

ABBREVIATIONS 

INCH ELCTRN ELECTRON IN INCH SE SINGLE END 

• NUMBER SIZE ELEC ELECTRICAL INCAND INCANDESCENT SECT SECTION 
ACTR ACTUATOR ELCTLT ELECTROL YTIC INSUL INSULATOR SEMICOND SEMICONDUCTOR 
ADPTR ADAPTER ELEM ELEMENT INTL INTERNAL SHLD SHIELD 
ALIGN ALIGNMENT EPL ELECTRICAL PARTS LIST LPHLDR LAMPHOLDER SHLDR SHOULDERED 
AL ALUMINUM EQPT EQUIPMENT MACH MACHINE SKT SOCKET 
ASSEM ASSEMBLED EXT EXTERNAL MECH MECHANICAL SL SLIDE 
ASSY ASSEMBLY FIL FILLISTER HEAD MTG MOUNTING SLFLKG SELF·LOCKING 
ATTEN ATTENUATOR FLEX FLEXIBLE NIP NIPPLE SLVG SLEEVING 
AWG AMERICAN WIRE GAGE FLH FLAT HEAD NON WIRE NOT WIRE WOUND SPR SPRING 
BD BOARD FLTR FILTER OBD ORDER BY DESCRIPTION SQ SQUARE 
BRKT BRACKET FR FRAME or ~90NT 00 OUTSIDE DIAMETER SST STAINLESS STEEL 
BRS BRASS FSTNR FASTENEf OVH OVAL HEAD STL STEEL 
BRZ BRONZE FT FOOT PH BRZ PHOSPHOR BRONZE SW SWITCH 
BSHG BUSHING FXD FIXED PL PLAIN or PLATE T TUBE 
CAB CABINET GSKT GASKET PLSTC PLASTIC TERM TERMINAL 
CAP CAPACITOR HDL HANDLE PN PART NUMBER THO THREAD 
CER CERAMIC HEX HEXAGON PNH PAN HEAD THK THICK 
CHAS CHASSIS HEX HD HEXAGONAL HEAD PWR POWER TNSN TENSION 
CKT CIRCUIT HEX SOC HEXAGONAL SOCKET RCPT RECEPTACLE TPG TAPPING 
COMP COMPOSITION HLCPS HELICAL COMPRESSION RES RESISTOR TRH TRUSS HEAD 
CONN CONNECTOR HLEXT HELICAL EXTENSION RGD RIGIO V VOL TAGE 
COY COVER HV HIGH VOLTAGE RLF RELIEF VAR VARIABLE 
CPLG COUPLING IC INTEGRATED CIRCUIT RTNR RETAINER WI WITH 
CRT CATHODE RAY TUBE 10 INSIDE DIAMETER SCH SOCKET HEAD WSHR WASHER 
DEG DEGREE IDENT IDENTIFICATION SCOPE OSCILLOSCOPE XFMR TRANSFORMER 
DWR DRAWER IMPLR IMPELLER SCR SCREW XSTR TRANSISTOR 
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REPLACEABLE MECHANICAL PARTS 

CROSS INDEX - MFR. CODE NUMBER TO MANUFACTURER 
Mfr. 
Code 

00779 
01536 

02735 

04713 

05464 
06383 
06776 

09922 
11897 
12327 
13103 

13511 
15912 

16428 

22526 

26066 

30817 
30874 
31918 
463B4 
51181 
52152 

54407 
55420 
56481 
60839 
61957 

70903 
73743 
77900 

78189 

80009 

81350 

82389 

83385 

86928 
91500 

91506 

93907 

95712 

95987 

7-2 

Manufacturer 

AMP INC 
TEXTRON INC 
CAMCAR DIV 
SEMS PRODUCTS UNIT 
RCA CORP 
SOLID STATE DIVISION 
MOTOROLA INC 
SEMICONDUCTOR GROUP 
INDUSTRIAL ELECTRONIC ENGINEERS INC 
PANDUIT CORP 
ROBINSON NUGENT INC 

BURNDY CORP 
PLASTIGLlDE MFG CORP 
FREEl'IAY CORP 
THERMALLOY CO INC 

AMPHENOL CAORE DIV BUNKER RAMO CORP 
T AND B/ANSLEY CORP SUBSIDIARY OF 
THOMAS AND BETTS CORP 
8ELDEN CORP 
ELECTRONIC OIV 
OU PONT E I OE NEMOURS AND CO INC 
OU PONT CONNECTOR SYSTEMS 
MINNESOTA MINING AND MFG CO 
INDUSTRIAL TAPE DIV 
INSTRUMENT SPECIALTIES COMPANY, INC. 
INTERNATIONAL BUSINESS MACHINES CORP 
ITT SCHADOW INC 
PENN ENGINEERING AND MFG CORP 
KEYTRONICS INC 
MINNESOTA MINING AND MFG CD 
INDUSTRIAL SPECIALTIES OIV 
POWER-ONE INC 
OYSAN CORPORATION 
SHUGART ASSOCIATES 
MICROPOLlS CORP 
USM CORP 
SUB OF EMHART INOUSTRIES INC 
BELDEN CORP 
FISCHER SPECIAL MFG CO 
SHAKEPROOF 
DIV OF ILLINOIS TOOL WORKS 
ILLINOIS TOOL WORKS INC 
SHAKEPROOF OIVISION 
TEKTRONIX INC 

JOINT ARMY-NAVY SPECIFICATIONS, 
PROMULGATED BY MILITARY DEPARTMENTS 
UNDER AUTHORITY OF DEFENSE STANDARD
IZATION MANUAL 4120 3-101 
SI'fITCHCRAFT INC 
SUB OF RAYTHEON CO 
MICRODOT MANUFACTURING INC 
GREER-CENTRAL DIV 
SEASTROM MFG CO INC 
ASHEVILLE-SCHOONMAKER MICA CO 

AUG AT INC 

TEXTRON INC 
CAMCAR DIV 
8ENDIX CORP THE ELECTRICAL 
COMPONENTS DIV MICROWAVE DEVICES 
PlANT 
WECKESSER CO INC 

Address 

POBOX 360B 

1818 CHRISTINA ST 

ROUTE 202 

5005 E MCDOWELL RD 

7720 LEMONA AVE 
17301 RIDGELAND 
800 E 8-TH ST 
PO BOX 1208 
RICHARDS AVE 
2701 W EL SEGUNOO 8LVD 
9301 ALLEN DR 
2021 I'f VALLEY VIEl'I LANE 
P 0 80X 34829 

3208 HUMBOLDT ST 

2200 US HI'fY 27 SOUTH 
POBOX 1980 
30 HUNTER LANE 

3M CENTER 

OLD ORCHARD ROAD 
8081 WALLACE RD 
POBOX 311 
707 NORTH ST 
3M CENTER 

740 CALLE PLANO OR 
2388 WALSH AVENUE 
415 OAKMEAD PKY 
21329 NORDHOFF 5T 
140 FEDERAL ST 

2000 S BATAVIA AVE 
446 MORGAN ST 
SAINT CHARLES RD 

ST CHARLES ROAD 

4900 S " GRIFFITH OR 
POBOX 500 

5555 N ELSTRON AVE 

3221 W 8IG BEAVER RD 

701 SONORA AVE 
910 JEFFERSON AVE 
POBOX 318 
33 PERRY AVE 
POBOX 779 
600 18TH AVE 

HURRICANE ROAD 

4444 "EST IRVING PARK RD 

City, State, Zip Code 

HARRISBURG PA 17105 
ROCKFORD IL 6110B 

SOMERVILLE NJ 08876 

PHOENIX AZ 85008 

VAN NUYS CA 91405 
TINLEY PARK IL 60477 
NEW ALBANY IN 47150 

NORWALK CT 06852 
HAWTHORNE CA 90250 
CLEVELANO OH 44125 
DALLAS TX 75234 

LOS GATOS CA 
LOS ANGELES CA 90031 

RICHMOND IN 47374 

CAMP HILL PA 17011 

ST PAUL loiN 55101 

LITTLE FALLS, NJ 07424 
ARMONK NY 10504 
EDEN PRAIRIE loiN 55343 
DOYlESTOWN PA 18901 
ENDICOTT NY 13760 
ST PAUL loiN 55144 

CAMARILLO CA 93010 
SANTA CLARA, 95050 
SUNNYVALE CA 94086 
CHATSWORTH CA 91311 
BOSTON lolA 02107 

GENEVA IL 60134 
CINCINNATI OH 45206 
ELGIN IL 60120 

ELGIN IL 60120 

BEAVERTON OR 97077 

CHICAGO IL 60630 

TROY loll 48098 

GLENDALE CA 91201 
NEWPORT NEWS VA 23607 

ATTLEBORO lolA 02703 

ROCKFORD IL 61101 

FRnNKLIN IN 46131 

CHICAGO IL 60641 

4404 COMPONENT-LEVEL SERVICE 



REPLACEABI.E MECHANICAL PARTS 

CROSS INDEX - MFR. CODE NUMBER TO MANUFACTURER 
Mfr. 
90de 

53109 

S3629 

TK0171 
TK0392 
TK0435 
TK0510 

TK0648 
TK1031 

TK1099 
TK1123 
TK1136 
TK1373 
TK6020 

Manufacturer 

FELLER ASA AOOLF AG 
C/O PANEL COMPONENTS CORP 
SCHURTER AG H 
C/O PANEL COMPONENTS CORP 
ZEPHER ELECTRONICS 
NORTHl'IEST FASTENER SALES INC 
LEHIS SCREH CO 
PANASONIC COMPANY 
OIV OF MATSUSHITA ELECTRIC CORP 
PRECISION SPRING ANO STAMPING 
LAND M COMPONENTS 
OIV OF LAMB INDUSTRIES 
INSTRUMENT SPECIALTIES CO 
ALL METRIC 
ETRl INC 
PATELEC-CEM (ITALY) 
DAINICHI-NIPPON CABLES 

4404 COMPONENT -LEVEL SERVICE 

Address 

355 TESCONI CIRCLE 

2015 SECOND STREET 

647 INDUSTRY DRIVE 
79.23 Sl'I CIRRUS ORIVE 
4114 S PEORIA 
ONE PANASONIC "AY 

22617 85TH PL SO 
PO BOX 25110 

BOX A 1 
3231 FIRST AVE 5 
8002 S MADISON 
10156 TORINO 
NEH KOKUSAI BLOG 4-1 
MARUNOUCHI 3-CHOME CHIYOOA-KU 

City, State, Zip Code 

SANTA ROSA CA 95401 

BERKELEY CA 94170 

SEATTLE l'IA 98188 
8EAVERTON OR 97005 
CHICAGO IL 60609 
SECAUCUS NJ 07094 

KEN "A 98031 
PORTLAND OR 97225 

OELAl'IARE l'IATERGAP PA 18327 
SEATTLE "A 98134 
BURR RIOGE IL 60521 
VAICENTALLO 62/455 ITALY 
TOKYO 100 JAPAN 
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REPLACEABLE MECHANICAL PARTS 

Fig. & 
Index Tektronix Serial/ Assembly No. Mfr. 
~o. Part No. Effective Dscont Qt)! 12345 Name & DescriQtion Code Mfr. Part No. 

1-1 200-2841-04 1 COVER, TERM TOP:NICKEL PLATED 80009 200-2841-04 
(ATTACHING PARTS) 

-2 212-0115-00 2 SCR,ASSEM WSHR:8-32 X 0.75,PNH,STL,POZ 01536 ORDER 8Y OESCR 
-3 354-0411-00 2 PACKING,PREFMO:0.125 10 X 0.062 XSECT 80009 354-0411-00 

(END OF ATTACHING PARTS) 
-4 200-2864-00 1 COVER.,CKT 80:ROM SOCKETS 80009 200-2864-00 
-5 131-0132-00 1 CONTACT,ELEC:FINGER STRIP TK1099 97135X3.75INCH 
-6 366-1833-00 1 KN08:GRAY,0.25 10 X 0.392 00 X 0.466 H 80009 366-1833-00 
-7 366-0534-00 8010100 8020608 1 PUSH 8UTTON:8LACK/8LACK/GREEN,O.335 sa 31918 FA120 8LK/BLK/GN 

366-0584-00 8020609 1 PUSH BUTTON AS:POI'IER ON/OFF 80009 366-0584-00 
-8 334-5153-00 1 PLATE,IOENT:MKO POI'IER ON/OFF,8RIGHTNESS 80009 334-5153-00 
-9 334-6014-00 1 MARKER,IOENT:MKO 4404 80009 334-6014-00 
-10 333-3040-02 1 PANEL, FRONT: 80009 333-3040-02 

(ATTACHING PARTS) 
-11 212-0115-00 2 SCR,ASSEM I'ISHR:8-32 X 0.75,PNH,STL,POl 01536 ORDER 8Y OESCR 

(END OF ATTACHING PARTS) 
-12 331-0567-00 MASK,CRT: 80009 331-0567-00 
-13 384-1665-00 EXTENSION SHAFT:14.16 L,PLASTIC 80009 384-1665-00 
-14 377-0570-00 INSERT,KN08:0.055 10 X 0.456 00 X 1.32 L,AL 80009 377-0570-00 
-15 ----- ----- MONITOR:MONOCHROME OISPLAY 

(SEE A8 REPL) 
(ATTACHING PARTS) 

-16 212-0114-00 4 SCR,ASSEM I'ISHR:8-32 X 0.375,PNH,STL 01536 ORDER 8Y OESeR 
-17 210-1404-00 8010100 8010125 2 SPACER ,PLATE: (3)0.188 10 X 0.031 THK,SST ,8. 80009 210-1404-00 

25 L X 0.5 1'1 
210-1404-01 8010126 2 SPACER,PLATE:(4)0.031 THK X 8.25 LX 0.188 80009 210-1404-01 

(END OF ATTACHING PARTS) 
-18 337-3239-00 SHIELD MONITOR: 80009 337-3239-00 

(ATTACHING PARTS) 
-19 211-0504-00 2 SCREI'I,MACHINE:6-32 X 0.250,PNH,STL TK0435 ORDER 8Y OEseR 

210-0457-00 2 NUT,PL,ASSEM I'IA:6-32 X 0.312,STL CO PL 78189 511-061800-00 
(END OF ATTACHING PARTS) 

-20 175-9629-00 CA ASSY,SP,ELEC:3,18 AI'IG,12.750 L,8-1,8-2'8 80009 175-9629-00 
-3,2,18 AI'IG,16.0 L,8-4,8-N 

-21 175-9781-00 CA ASSY ,SP ,ELEC:20 ,28 AI'IG ,14.0 L,RI880N 80009 175-9781-00 
-22 ----- ----- CIRCUIT 80 ASSY:COMM OPT 

(OPTION 10, SEE A9 REPL) 
-23 136-0850-00 .SKT,PL-IN ELEK:MICROCKT,48-0IP,OPEN FLAME, 15912 SMO-48-S6T 

. LOI'I PROFI LE 
-23.1 131-0993-00 .8US,CONOUCTOR:SHUNT ASSEMBLY,BLACK .22526 65474-005 
-24 ----- ----- CIRCUIT 80 ASSY:CPU 

(SEE A1 REPL) 
-25 386-5031-00 .STIF,CIRCUIT 80:9.1 L,ALUMINUM 80009 386-5031-00 

.(ATTACHING PARTS) 
-26 210-3099-00 3 .RIVET,SOLIO:0.187 LX 0.116 OO,DOME HO 19738 75021-0406 

• (END OF ATTACHING PARTS) 
-27 136-0716-00 1 .SKT,PL-IN ELEK:MICROCKT,64 CONT 06776 ICN 649 ::;S CJD 
-28 136-0751-00 1 .SKT,PL-IN ELEK:MICROCKT,24 PIN 09922 OItB24P10S 
-29 136-0755-00 2 .SKT ,PL-IN ELEK:MICROCIRCUIT,28 DIP 09922 DltB28P-108 
-30 ----- ----- 1 CIRCUIT 80 ASSY:I/O 

(SEE /l2 REPL) 
-31 136-0797-01 8 .SKT,PL-IN ELEK:MICROCKT,28 CONTACT 80009 136-0797-01 
-32 129-1017-00 6 .SPACER,POST:0.219 L,4-40 INT ONE END,BRS 46384 KFB3-440-7 
-33 129-1063-00 2 .SPACER,POST:0.125 L,4-40 INT,BRS,SN PL 46384 KFB3-440-4ET 
-34 366-0559-00 1 .KNOB:SMOKE TAN,O.125 10 X 0.5 00 X 0.822 H 80009 366-0559-00 
-35 366-1559-01 1 .PUSH BUTTON:GRAY,O.18 sa x 0.43 80009 366-1559-01 
-36 131-0993-00 1 .BUS,CONDUCTOR:SHUNT ASSEMBLY,BLACK 22526 65474-005 
-37 131-3090-00 1 .CONTACT,ElEC:FINGER STRIP,CU-BE TK0648 ORDER BY OESeR 
-38 337-3247-00 1 .SHIELD,ELEC:GROUNO 00779 102793-4 
-39 131-3373-00 1 • CONNECTOR ,GND:STROP 80009 131-3373-00 

.(ATTACHING PARTS) 
-40 129-1072-00 2 .SPACER,POST:0.8 L,4-40,STL 80009 129-1072-00 
-41 210-0054-00 2 .I'IASHER,LOCK:14 SPLIT,0.025 THK STL 78189 ORDER BY OEseR 

.(ENO OF ATTACHING PARTS) 
-42 343-1171-00 .RTNR,ELEC CONN:U/I'I 15 CONT D-SUBIUNIIlTURE 00779 745405-1 

.(ATTACHING PARTS) 
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REPLACEABLE MECHANICAL PARTS 

Fig. & 
Index Tektronix Serial! Assembly No. Mfr. 
No, Part No. Effective Dscont Qtl! 12345 Name & Descri~tion Code Mfr I Part No. 

1-43 129-1073-00 2 .SPACER,POST:O.22 00 X 0.3125 L,BRS,TIN PL 46384 KFB3-440-10 
.(ENO OF ATTACHING PARTS) 

-44 386-2976-00 1 .PLATE,CONN MTG:ALUMINUM 80009 386-2976-00 
.(ATTACHING PARTS) 

-45 131-0890-01 4 .lOCK,CONNECTOR:4-40 X 0.312 L,HEX HD,STL 00779 205818-2 
-46 210-0054-00 4 .MASHER,LOCK:14 SPLIT,O.025 THK STL 78189 ORDER BY DESCR 
-47 211-0008-00 2 .SCR~,MACHINE:4-40 X D.25,PNH,STL 93907 ORDER BY OESCR 
-48 211-0145-00 2 .SCR,ASSEM "SHR:4-40 X 1.0,BRS,NP,POZ TK0435 8565-430 
-49 131-1369-00 1 .TERM,QIK OISC.:0.615 LX 0.25 M 8LAOE 00779 42506-2 

.(ATTACHING PARTS) 
-50 210-0406-00 1 .NUT,PLAIN,HEX:4-40 X 0.188,BRS CD PL 73743 12161-50 

.(END OF ATTACHING PARTS) 
-51 196-2280-00 8010100 8010180 1 LEAD ,ElECTRICAL: 12 AMG,6.967 L,O-N 80009 196-2280-00 
-52 131-1688-00 8010100 8010180 1 TERM,QIK OISC.:MALE,0.032 X 0.25 BL 00779 42577-4 

(ATTACHING PARTS) 
-53 211-0504-00 B010100 B010180 SCR~,MACHINE:6-32 X 0.250,PNH,STL TK0435 OROER BY OESeR 
-54 210-0457-00 B010100 8010180 NUT,PL,ASSEM "A:6-32 X 0.312,STL CO PL 78189 511-061800-00 

(ENO OF ATTACHING PARTS) 
-55 ----- ----- CIRCUIT BO ASSY:MEN EXP 

(OPTION 01, SEE A3 REPL) 
-56 119-1902-01 SPEAKER,PM:2.25,8 OHM,0.2" 80009 119-1902-01 

(ATTACHING PARTS) 
-57 212-0114-00 2 SCR,ASSEM "SHR:8-32 X 0.375,PNH,STL 01536 ORDER 8Y OESeR 

(END OF ATTACHING PARTS) 
-58 348-0513-00 2 FOOT,CABINET:BLACK POLYURETHANE 80009 348-0513-00 
-59 200-2842-06 1 COVER,TERM 80T:NICKLE PLATED 80009 200-2842-06 
-60 ----- -- B010181 1 POMER SUPPLY:5.1V,+/-12V 

(SEE A4 REPL) 
(ATTACHING PARTS) 

-61 212-0114-00 2 SCR,ASSEM MSHR:8-32 X 0.375,PNH,STL 01536 ORDER BY OESeR 
(END OF ATTACHING PARTS) 
POWER SUPPLY ASSY INCLUDES: 

-62 118-4611-00 B010181 .COVER,OSPL TERM: 54407 412-75813 
.(ATTACHING PARTS) 

-63 211-0583-00 B010181 2 .SCR~,MACHINE:6-32 X 1.0,FILH,STL 83385 OROER BY OEseR 
-64 211-0529-00 8010181 2 .SCR~,MACHINE:6-32 X 1.250,PNH,STL TK0435 ORDER BY OESeR 

.(END OF ATTACHING PARTS) 
-65 255-0334-00 B010181 1 .PLASTIC CHANNEl:12.75 X 0.175 X 0.155 11897 122-37-2500 
-66 118-4628-00 8010181 1 • GUARD, FAN: 54407 907-21924 
-67 118-4583-00 B010181 1 .WIRE,GROUND: 54407 918-75731 

.(ATTACHING PARTS) 
-68 211-0507-00 8010181 .SCR~,MACHINE:6-32 X 0.312,PNH,STL 83385 ORDER BY OESeR 
-69 210-0457-00 8010181 .NUT ,PL,ASSEM "A:6-32 X 0.312,STL CD PL 78189 511-061800-00 

• (END OF ATTACHING PARTS) 
-70 334-3379-01 B010181 1 .MARKER.,IDOO:MARKED GROUND SYMBOL BOO09 334-3379-01 
-71 210-D202-00 8010181 1 .TERMINAl,LUG:0.146 lD,LOCKING,BR.Z TIN PL 86928 A-373-158-2 
-72 131-1084-02 B010181 1 .CONN,RCPT ,ELEC:PWR,MALE,250 VAC,6A TK1031 NICON LII-NC174 

• (ATTACHING PARTS) 
-73 211-0114-00 8010181 2 .SCREl'I,MACHINE:4-40 X 0.438,FLH.100 OEG,STL 833B5 ORDER BY OESCR 
-74 210-0586-00 B010181 2 .NUT,PL,ASSEM KA:4-40 X 0.25,STL co PL 78189 211-041800-00 
-75 211-0507-00 B010181 1 .SCREM,MACHINE:6-32 X 0.312,PNH,STL 83385 O.RDER BY OESeR 
-76 210-0457-00 8010181 1 .NUT,PL,ASSEM "0:6-32 X 0.312,STL CO PL 78189 511-061800-00 

.(END OF ATTACHING PARTS) 
-77 343-0549-00 8010181 3 .STRAP,TlEDOMN,E:0.091 " X 4.0 L,ZYTEL 06383 PlT1M 
-78 ---- -- B010181 1 .CIRCUIT BO ASSY:LOGIC P"R SUPPLY 

• (NOT REPLACEIlBLE, SEE 04 REPL) 
.(ATTACHING PARTS) 

-79 211-0504-00 B010181 5 .SCR~,MACHINE:6-32 X 0.250,PNH,STL TK0435 ORDER BY OESeR 
• (END OF ATTACHING PARTS) 
.CIRCUIT BO ASSY INCLUDES: 

-BO 214-3429-00 B010181 1 •• HEAT SINK,XSTR:TO-22D & TO-202,AL 13103 6100B 
-81 118-4609-00 B010181 1 • .CLAMP: 54407 MCNABB 320-21174 

•• (ATTACHING PARTS) 
-82 211-0012-00 B010181 •• SCREl'I,MACHINE:4-40 X 0.375,PNH,STL TK0435 ORDER BY OESeR 
-83 210-0586-00 80101B1 •• NUT,PL,ASSEM "A:4-40 X 0.25,STL CD PL 78189 211-041800-00 

•• (END OF ATTACHING PARTS) 
-84 118-4608-00 B010181 1 •• INSULATOR:SILPAD 54407 3210-21295 
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REPLACEABLE MECHANICAL PARTS 

Fig. & 
Index Tektronix Serial/Assembly No. Mfr. 
No, Part No, Effective Oscont Otv 12345 Name & OescriQtion Code Mfr. Part No. 

1-85 334-3003-00 B010181 1 •• MARKER,IOENT:MKO DANGER 80009 334-3003-00 
-86 136-0684-00 8010181 1 •• SKT,PL-IN ELEK:MICROCIRCUIT,14 CONTACTS 91506 114-QG2A 
-87 118-4582-00 8010181 1 •• CLAMP: 54407 MCNIlIIB 311-21810 

•• (ATTACHING PARTS) 
-88 210-0407-00 B010181 •• NUT ,PLAIN ,HEX: 6-32 X 0.25,BRS CO PL 73743 3038-402 

•• (ENO OF ATTACHING PARTS) 
-89 342-0202-00 B010181 1 • INSULATOR,PLATE:TRANSISTOR ,MICA 91500 10-21-023-106 
-90 118-4593-00 B010181 1 .MQRKER,IOENT: 54407 270-75630 
-91 118-4610-00 B010181 1 • CHASSIS ,OSPL TE: 54407 412-75811 
-92 --- ---- 1 CIRCUIT BO ASSY:3 MB RAM 

(OPTION 03, SEE Q10 REPL) 
-93 386-5392-00 1 .PLATE,CMPNT MTG:ALUMINUM 80009 386-5392-00 

• (OPTION 03 ONLY) 
.(QTTQCHING PARTS) 

-94 211-0097-00 2 .SCREK,MQCHINE:4-40 X 0.312,PNH,STL TK0435 ORDER BY OESCR 
• (OPTION 03 ONLY) 
• (END OF QTTQCHING PARTS) 
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REPLACEABLE MECHANICAL PARTS 

Fig. & 
Index Tektronix Serial! Assembly No. Mfr. 
No, Part No. Effective Dscont Q!!l 12345 Name & Descrietion Code Mfr. Part No. 
2-1 200-3072-00 1 COVER,FRONT:OISK DRIVE 80009 200-3072-00 
-2 105-0526-00 4 .STUO,FRICT CATC:STEEL,CAO PLATE 80009 105-0526-00 
-3 253-0155-00 AR .TAPE:ELCTLT AL FOIL,O.5 X 0.055 26066 SCOTCH 11170 
-4 150-1070-00 1 LT EMITTING 010:RED,635NM,35MA MAX 05464 LL 7124R 
-5 352-0728-00 1 HOLDER,LED:PLASTIC,2 PIECE 80009 352-0728-00 
-6 334-6107-00 1 MARKER,IOENT:MKO TEKTRONIX 80009 334-6107-00 
-6.1 348-0274-00 BO 1 0250 B020281 1 SHLD GSKT,ELEK:FINGER TYPE,24.0 L 30817 97-555COC 
-7 200-2861-02 1 COVER ,TOP:PAINTED ,ALUMINUM 80009 200-2861-02 

(ATTACHING PARTS) 
-8 211-0545-00 2 SCREM,MACHINE:6-32 X 1.250,TRH,STL TK0435 ORDER BY OESCR 
-9 211-0507-00 2 SCREM,MACHINE:6-32 X 0.312,PNH,STL 83385 ORDER 8Y DESCR 

(END OF ATTACHING PARTS) 
-10 366-0534-00 PUSH BUTTON:BLACK/BLACK/GREEN,O.335 SO 31918 FA120 BLK/eLK/GN 
-11 198-5234-00 B010100 B020585 IHRE SET ,ELEC: 80009 198-5234-00 

198-5234-01 8020586 MIRE SET ,ELEC: 80009 198-5234-01 
(ATTACHING PARTS) 

-12 211-0097-00 2 SCREM,MACHINE:4-40 X 0.312,PNH,STL TK0435 ORDER BY OESCR 
(END OF ATTACHING PARTS) 
CABLE INCLUOES: 

-13 260-2058-01 1 .SWITCH,PUSH:DPOT,O.01A,30VOC 31918 ORDER BY OESCR 
-14 131-0707-00 3 .CONTACT,ELEC:22-26 AMG,BRS,CU 8E GLD PL 22526 47439-000 
-15 131-0965-00 1 • TERM,OIK O.ISC. :22-26 AMG ,PH BRZ GOLO PL 22526 47792 
-16 352-0176-00 1 .HLDR,TERM CONN:4 WIRE,08L ROM BLACK 80009 352-0176-00 
-17 119-1636-00 1 FLOPPY OISK DR:5.25,DOUBLE-OENSITY,TWO-SIDE 56481 SA455 

O,O.5M BYTE 
(SEE SCHUGART DRIVE SERVlCE MANUAL) 
(ATTACHING PARTS) 

-18 211-0329-00 4 SCREM,MACHINE:M3 X 0.5 X 10MM,PNH,STL TK1123 ORDER BY DESCR 
(END OF ATTACHING PARTS) 

-18.1 213-0949-00 1 SCREM,MACHINE:M2 X 0.4 X 4.5MM L,RND HD TK0392 ORDER BY DESCR 
-19 407-2834-00 4 BRACKET ,SUPPORT: ALUMINUM BOO09 407-2834-00 

(ATTACHING PARTS) 
-20 211-0507-00 4 SCREM,MACHINE:6-32 X 0.312,PNH,STL B33B5 ORDER BY DESCR 
-21 210-0006-00 4 MASHER , LOCK: 16 INTL,O.018 THK,STL 77900 1206-o0-o0-oSI!1C 

(END OF ATTACHING PARTS) 
-22 175-9704-00 1 CA ASSY,SP,ELEC:34,28 AWG,4.5 L 80009 175-9704-00 
-23 175-9705-00 B010100 B020585 1 CA ASSY,SP,ELEC:4,22 AWG,10.75 L BOO09 175-9705-00 

175-9705-01 B02OS86 1 CA ASSY,SP,ELEC:4,22 AWG,10.75 L BOO09 175-9705-01 
-24 119-1778-00 1 DISK DRIVE UNIT:5.25 WINCHESTER,51.9 MBYTE, 60839 1304 

UNFORMATTED 
(STANDARD ONLY) 

119-1B41-o1 DISK DRIVE:5.25 WINCHESTER,1OS MEGABYTE 80009 119-1841-01 
(OPTION 21 ONLY) 
(ATTACHING PARTS) 

-25 211-0513-00 4 SCREM,MACHINE:6-32 X 0.625,PNH,STl 93907 B80-o0032-o03 
-26 210-0803-00 4 WASHER,FLAT:0.15 10 X 0.375 00 X 0.032 12327 ORDER BY DESCR 

(END OF ATTACHING PARTS) 
-27 129-0208-00 4 SPACER,POST:0.312 L,M/6-32 THO 1 END 80009 129-0208-00 
-28 210-0055-00 4 MASHER,LDCK:16 SPLIT,O.031 THK,STL 81350 ORDER BY OESCR 
-29 346-0164-00 1 STRAP,GROUND:5.0 L 80009 34&-0164-00 

(ATTACHING PARTS) 
-30 210-0457-00 NUT ,PL,ASSEM ItA:5-32 X 0.312,STl CO PL 78189 511-061800-00 
-31 211-0503-00 SCREM,MACHINE:6-32 X 0.188,PNH,STL TK0435 ORDER BY OESCR 

(END OF ATTACHING PARTS) 
-32 175-9104-00 1 CA ASSY,SP,ELEC:34,28 AWG,RIBBON,PR.E FOLDED 80009 175-9104-00 
-33 175-8461-00 1 CA ASSY,SP,ELEC:2O,28 AMG,RIBBDN PREFOLDED TK0171 ORDER BY OESCR 
-34 174-0253-00 1 CA ASSY,SP,ELEC:2,26 AWG,B.375 L 80009 174-0253-00 

(OPTION 21 ONLY) 
.175-2919-00 CA ASSY,SP,ElEt:2,26 AMG,8.0 L,RIBBON 80009 175-2919-00 

(STANDARD ONLY) 
-35 131-0707-00 4 .CONTACT,ELEC:22-26 AWG,BRS,CU BE GLO PL 22526 47439-000 
-36 352-0169-00 2 .HLOR,TERM CONN:2 MIRE,BLACK BOO09 352-0169-00 
-37 175-0825-00 AR .CABLE,SP,ELEC:2,26 AMG,STRD,PVC JKT,RBN BOO09 175-0825-00 
-38 175-9697-00 B010100 B020585 1 CA ASSY,SP,ELEC:4,22 AMG,17.0 L BOO09 175-9697-00 

175-9697-01 B020586 1 CA ASSY,SP,ELEC:4,22 AWG,17.0 L 80009 175-9697-01 
-39 198-5290-00 1 !tIRE SET ,ELEe: 80009 198-5290-00 
-40 ----- 1 CIRCUIT BO ASSY:FLEX DISK CONT 

4404 COMPONENT-LEVEL SERVlCE 7-7 



REPLACEABLE MECHANICAL PARTS 

Fig. & 
Index Tektronix Serial/Assembly No. Mfr. 
No, Part No, Effective Dscont a~ 12345 Name & DescriQtion Code Mfr, Part No. 

2- (SEE A6 REPL) 
(ATTACHING PARTS) 

-41 211-0028-00 4 SCRBt,MACHINE:4-40 X 0.188,BoGH,NYL 95987 ORDER 8Y OESCR 
(END OF IITTACHING PARTS) 
CKT BOIIRD IISSY INCWOES: 

-42 131-0993-00 4 .BUS,CONoUCToR:SHUNT ASSEMBlY,BLACK 22526 65474-005 
-43 136-0751-00 1 .SKT,PL-IN ELEK:MICROCKT,24 PIN 09922 oILB24P108 
-44 136-0752-00 2 .SKT,PL-IN ELEK:MICROCIRCUIT,20 DIP 09922 OILB2OP-108 
-45 136-0728-00 2 .SKT,Pl-IN ELEK:MICROCKT,14 CONTACT 09922 01 LB14P-108 
-46 175-2854-00 1 CA ASSY,SP,ELEC:2,26 AIIG,5.0 L,RI880N 80009 175-2854-00 
-47 131-0707-00 4 .CONTACT,ELEC:22-26 AMG,8RS,CU 8E GLO PL 22526 47439-000 
-48 352-0169-00 2 .HLOR,TERM CONN:2 "IRE,BLACK 80009 352-0169-00 
-49 175-0825-00 AR .CIIBLE,SP,ELEC:2,26 AWG,STRo,PVC JKT,RBN 80009 175-0825-00 
-50 119-1910-00 1 CIRCUIT BOARO:SCSI WINCHESTER CONTROLLER 80009 119-1910-00 
-51 129-0456-00 4 SPACER,POST:0.75 L,4-40 STUD/TAP,BRS,CU SN BOO09 129-0456-00 

IN PL,0.188 HEX 
(END OF ATTACHING PARTS) 

-52 175-9717-00 CA ASSY,SP,ELEC:50,28 AWG,19.75 L 80009 175-9717-00 
(ATTACHING PARTS) 

-53 129-1047-00 4 SPACER,POST:0.65 L,4-40 ONEEND,STL,0.188 80009 129-1047-00 
-54 210-0586-00 4 NUT,PL,ASSEM "A:4-40 X 0.25,STL CO PL 78189 211-041800-00 

(ENO OF ATTACHING PARTS) 
-54.1 337-3296-00 8030416 1 SHIELD,ElEC:POLYCARBONATE,MASS STORAGE 80009 337-3296-00 
-55 ---- --- 1 PO"ER SUPPLY: 

(SEE A7 REPl) 
(ATTACHING PARTS) 

-56 211-0507-00 3 SCRBt,MACHINE:6-32 X 0.31.2,PNH,STL 83385 ORDER BY OESCR 
-56.1 211-0507-00 8010100 B010249 2 SCRBt,MIlCHINE:6-32 X 0.312~PNH,STl 83385 ORDER BY OESCR 

211-0534-00 8010250 2 SCR,ASSEM MSHR:6-32 X 0.312,PNH,STL,Co PL 01536 ORDER BY OESCR 
-57 129-0788-00 4 SPACER,POST:1.71 L,6-32 EXT/4-40 INT,NYLON, BOO09 129-0788-00 

0.312 00 
(END OF ATTACHING PARTS) 

-58 ---- ---- 1 .CIRCUIT 80 ASSY:PNR SPlY 
• (SEE A7A1 REPL) 
.(ATTACHING PIIRTS) 

-59 210-0586-00 2 .NUT,PL,ASSEM ~A:4-40 X o.lS,STl CO PL 78189 211-041800-00 
-60 211-0198-00 2 • SCRBt ,MACHINE: 4-40 X 0.438,PNH,STl TK0435 ORDER 8Y OESeR 
-61 210-0457-00 2 .NUT,Pl,ASSEM "A:6-32 X 0.312,STL CD PL 78189 511-061800-00 

• (END OF ATTACHING PQRTS) 
.CKT 8oQRo ASSY INCWoES: 

-62 214-3452-00 • .HEAT SINK ,XSTR: TO-220 ,ALUMINUM 80009 214-3452-00 
•• (ATTACHING PQRTS) 

-63 211-0101-00 3 •. SCRBt,MACHINE:4-40 X 0.25,FtH,100 OEG,STl TK0435 ORDER BY oESCR 
•• {END OF IITTACHING PIIRTS) 

-64 342-0449-01 " INSULATOR, PLATE.: TRIINS ISTOR , AlUMINII , 80009 342-0449-01 
· . PRINTED 

-65 342-0458-00 1 • • INSULATOR ,PLATE:TRllNSISTOR ,MICA 86928 ORDER BY oESCR 
-66 200-2269-01 1 .. COVER,XSTR: 80009 200-2269-01 

•• (ATTACHING PIIRTS) 
-67 210-0586-00 2 •• NUT,PL,ASSEM "A:4-40 X O.25,STl CO PL 78189 211-041800-00 

•• (END OF ATTACHING PQRTS) 
-68 ----- •• CONN,RCPT,ElEC:P"R,3MALE,25DVAC,6A 

• • (SEE A7A1J1 REPl) 
•• (ATTACHING PARTS) 

-69 211-0097-00 2 •• SCRBt,MACHINE:4-40 X 0.312,PNH,STL TK0435 ORDER 8Y DESCR 
-70 210-0586-00 2 •• NUT,Pl,ASSEM KIl:4-40 X 0.25,STl CD Pl 78189 211-041800-00 

•• (ENO OF ATTACHING PARTS) 
-71 195-9582-00 •• lEAO,ElECTRICAl:18 AWG,4.0 L,5-4 80009 195-9582-00 

•• (ATTACHING PARTS) 
-72 210-0457-00 .NUT,PL,ASSEM "A:6-32 X 0.312,STL CD PL 78189 511-061800-00 

.(END OF ATTIICHING PARTS) 
-73 210-0322-00 1 ••• TERMINAL,LUG:110,SOLDERLESS,CU TIN Pl 00779 34149 
-74 204-0906-00 1 .. BODY,FUSEHOLDER:3AG & 5 X 20MM FUSES 53629 TYPEFIIU031.3573 
-75 200-2264-00 1 •• CAP,FUSEHOLDER:3AG FUSES S3629 FEK 031 1666 
-76 220-0949-00 3 •• NUT 8LDCK:4-40 X 0.406 LX 0.187 ",ilL 80009 220-0949-00 

•• (ATTACHING PARTS) 
-77 210-3054-00 3 .. EYELET ,METAWC:0.121 00 X 0 .• 312 l,BRS 61957 5E-410 BRIISS 
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REPLACEABLE MECHANICAL PARTS 

Fig. & 
Index Tektronix Serial! Assembly No. Mfr. 
No. Part No. Effective Dscont Qty: 12345 Name & Descri(;!tion Code Mfr. Part No. 

2- .• (ENO OF ATTACHING PARTS) 
-78 ---- ---- 1 .• TRANSISTOR:NPN,SI,TO-220 

----- -- 2 .• SEMICONO OEVICE:RECT,SI 
•• (SEE A7A1Q460,CR452,CR456 REPL) 
•• (ATTACHING PARTS) 

-79 210-0406-00 3 •• NUT,PLAIN,HEX:4-40 X 0.188,BRS CO PL 73743 12161-50 
-80 210-1178-00 3 • • \'lASHER ,SHLDR: 13103 7721-7PPS 
-81 342-0202-00 3 •. INSULATOR,PLATE:TRANSISTOR,MICA 91500 10-21-023-106 

•• (ENO OF ATTACHING PARTS) 
-81.1 334-2332-00 .MARKER,IOENT:OANGER:VOLTAGE IN THIS AREA 80009 334-2332-00 
-82 ----- ----- .FAN,TUBEAXIAL:115V,6.5\'1,2500 RPM,20 CFM 

• (SEE A7B001 REPL) 
.(ATTACHING PARTS) 

-83 211-0018-00 2 .SCREI'I,MACHINE:4-40 X 0.875,PNH,STL TK0435 OROER BY OESCR 
-84 210-0803-00 2 .I'IASHER,FLAT:0.15 10 X 0.375 00 X 0.032 12327 ORDER BY OESCR 

• (END OF ATTACHING PARTS) 
-85 352-0482-00 2 • HOLDER ,CA TIE:0.75 Sa,STICKY BACK ,PLASTIC 06383 ABMM-AT-O 
-86 343-0549-00 2 .STRAP,TIEOOI'IN,E:0.091 \'I X 4.0 L,ZYTEL 06383 PLT1M 
-87 211-0503-00 1 .SCREI'I,MACHINE:6-32 X 0.188,PNH,STL TK0435 ORDER BY OESCR 
-88 ----- ----- 1 .CONN,RCPT,ELEC:BNC,FEMALE 

· (SEE A7 J5001 REPL) 
-89 200-0672-00 1 .COVER,ELEC CONN:BNC 95712 2096-2NT34 
-90 19B-5235-00 1 .\'IIRE SET ,ELEC: 80009 198-5235-00 
-91 352-0176-00 1 · .MLDR, TERM CONN:4 \'IIRE,OBL ROI'I BLACK 80009 352-0176-00 
-92 131-0707-00 1 •• CONTACT,ELEC:22-26 AI'IG,BRS,CU BE GLD PL 22526 47439-000 
-93 131-0965-00 3 .. TERM,aIK DISc..:22-26 AI'IG,PH BRZ GOLD PL 22526 47792 
-94 204-0739-00 1 •. CONN .800Y,PLUG:2 CONTACTS,SGL ROI'I 00779 87175-6 
-95 131-1810-00 2 •• CONTACT,ELEC:I'IIRE TO PIN,PH 8RZ GOLD PL 00779 87124-1 
-96 210-0255-00 1 • • TERMINAL, WG: 0 .• 391 ID, LOCKING, BRS CD PL 12327 ORDER BY OESeR 
-97 334-3379-01 1 .MARKER,IDENT:MIlRKEO GROUND SYMBOL 80009 334-3379-01 
-98 333-3033-01 1 .PANEL,REAR: 80009 333-3033-01 
-99 348-0128-00 4 FOOT,CABINET:BLACK POLYURETHANE 80009 348-0128-00 

(ATTACHING PARTS) 
-100 212-0091-00 8 SCREI'I,MACHINE:8-32 X O.625,FILH,STL 93907 ORDER BY OESCR 

(END OF ATTACHING PARTS) 
-101 200-2862-02 1 COVER ,BOTTOM: PAINTED ,ALUMINUM 80009 200-2862-02 
-102 348-0379-00 8 .MOUNT,RESILIENT:I'I/FERRULE,NEOPRENE RUBBER 80009 348-0379-00 
-103 343-0775-00 1 CLIP ,SPR TNSN: 52152 3484-1000 
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REPLACEABLE MECHANICAL PARTS 

. FIg. & 
Index Tektronix Serial! Assembly No. Mfr. 
No. Part No. Effective Dscont Q!:l 12.345 Name & DescriQtion Code Mfr. Part No. 

3- ----- ---- KEYBOARO ASSY: 
(SEE A5 REPl) 

-1 118-3014-00 4 • FOOT ,RUBBER: 511B1 48-00559-000 
-2 11B-3013-00 1 .PLATE,BASE: 51181 49-01307-000 

.(ATTACHING PARTS) 
-3 211-0101-00 4 .SCREl1,NACHINE:4-40 X 0.25,FLH,100 OEG,STl TK0435 O.ROER BY OESCR 
-4 11B-3190-00 4 .KASHER:SHOULOER 51181 47-00408-000 
-5 211-0008-00 2 .SCREl1,NACHINE:4-40 X 0.25,PNH,STl 93907 O.RDER BY OESCR 
-6 210-0004-00 2 .KASHER,LOCK:1I4 INTl,0.015 THK,STl 77900 1204-00-00-0541C 

.(ENO OF ATTACHING PARTS) 
-7 11B-3023-00 1 . HOUSING ,KYBO: 51181 44-00205-001 
-8 11B-3020-00 2 • lEG: 51181 45-00057-002 
-9 118-3021-00 2 .BlOCK ,BAI l: 511B1 44-00193-000 
-10 11B-3022-00 2 .SCREl1: 51181 47-00290-000 
-11 ----- ----- 1 .KEYBOARO ASSY:W/O ENCLOSURE 

• (SEE A5A1 REPl) 
.(ATTACHING PARTS) 

-12 118-3015-00 13 •• SCREl1: 51181 47-00368-000 
-13 211-0008-00 2 .SCREl1,NACHINE:4-40 X 0.25,PNH,STl 93907 ORDER 8Y OESeR 
-14 210-0004-00 2 .WASHER,lOCK:1I4 INTl,0.015 THK,STl 77900 1204-00-00-0541C 

· (END OF IlTTACHING PARTS) 
-15 118-3025-00 •. CONN,PlUG,ElEC: 51181 48-00501-000 

.• (IlTTIlCHING PARTS) 
-16 211-0008-00 .SCREl1,NIlCHINE:4-40 X 0.25,PNH,STl 93907 ORDER 8Y OEseR 
-17 210-0004-00 .WASHER,lOCK:1I4 INTl,0.015 THK,STl 77900 1204-00-00-0541C 

• (END OF ATTIlCHING PARTS) 
-18 ----- ---- 1 • .NICROCKT, LINEAR: (SEE A51l1U6 REPl) 
-19 118-3031-00 1 .. SCREl1: 51181 47-00402-001 
-20 118-3032-00 1 · .STIINOOFF: 51181 61-04302-001 
-21 118-3030-00 1 · . INSULATOR: 51181 48-00651-000 
-22 118-3026-00 1 •• CIl IlSSY,SP,ElEC: 51181 48-00626-000 
-23 118-3162-00 1 .• PUSH BUTTON:JOY SWITCH/CAP 51181 HIHI059Z00000000 
-24 118-3192-00 1 · .SHIELO ,DUST:JOY SWITCH 51181 48-00631-000 
-25 ----- ----- B010100 1 .. SCREl1:BINDER HEAO,0-80 
..,25.1 118-3863-00 B010100 1 •• PIN,SHLOR,HO:PIVOT,SST 80009 118-3863-00 
-26 118-3194-00 1 .. CAP,OISC:JOY SWITCH 51181 44-00207-000 
-27 118-3197-00 1 •. PIVOT:8RASS,JOY SWITCH 51181 47-00394-001 
-28 118-3193-00 4 .. CIlRRIER,PAO:JOY SWITCH 51181 44-00204-000 
-29 118-3195-00 1 .• SPRING:JOY SWITCH 51181 45-00064-000 
-30 ----- ----- B010100 1 .. RETAINER,SPRING:JOY SWITCH 
-31 118-3006-00 1 .. STRAP,TlEOOWN,E: 51181 48-00646-000 

•. (ATTACHING PIlRTS) 
-32 210-0551-00 • .NUT ,PLAIN,HEX:4-40 X O.25,ST CD PL TK0435 ORDER BY OESCR 
-33 210-0004-00 .WIlSHER,lOCK:1I4 INTl,0.015 THK,STl 77900 1204-00-00-0541C 
-34 210-0994-00 • .WASHER,FLAT:0.125ID X 0.2500 X 0 .• 022 86928 A371-283-20 

.. (END OF IlTTACHING PIlRTS) 
-35 118-3935-00 1 •. PUSH BUTTON:NKO UP ARROW,LEFT ARROW 51181 401.Z023905540 
-36 118-3245-00 1 .. PUSH BUTTON: LEFT B.RACE/LEFT BRACKET 51181 CYBB401110854534 
-37 118-3249-00 1 .. PUSH BUTTON:]/1 51181 CYBB401137014534 
-38 11B-3254-00 1 •• PUSH BUTTON:~/2 51181 CYBB401137224534 
-39 118-3250-00 1 .. PUSH BUTTON:1I/3 51181 CY8B401137034534 
-40 118-3251-00 1 •. PUSH BUTTON:$/4 51181 CYBB401Z37044534 
-41 118-3252-00 1 •• PUSH BUTTON:t/5 51181 CYBB401137054534 
-42 118-3248-00 1 •. PUSH BUTTON:CARET/6 51181 CYBB401Z36164534 
-43 118-318B-00 1 •• PUSH BUTTON:&17 51181 CYBB401Z37274534 
-44 118-3253-00 1 •• PUSH BUTTON:ASTERISK/8 51181 CYBB401Z37184534 
-45 118-3183-00 1 •. PUSH BUTTON: (/9 51181 CYBB401Z37294534 
-46 118-31B4-00 1 .. PUSH BUTTON:)/PHASE 51181 CYBB401Z37904534 
-47 118-3185-00 1 •• PUSH BUTTON:HORIZONTALIHYPHEN 51181 CYBB401Z30956204 
-48 118-3247-00 1 .. PUSH 8UTTON:+/= 51181 CY8B401Z11274534 
-49 118-3246-00 1 •. PUSH BUTTON:RIGHT BRIlCElRIGHT BRACKET 51181 CY8B401Z10864534 
-50 118-3172-00 1 •• PUSH 8UTTON:RUB/OUT 51181 HIBB401Z468R4529 
-51 118-3182-00 (' 1 .• PUSH BUTTON:ESC 51181 HI88302Z303E4527 
-52 118-3228-00 1 .. PUSH BUTTON:TIlDElVERT lINE 51181 CYBB301Z7.2914534 
-53 118-3234-00 1 .. PUSH BUTTON:Q 51181 CY88301ZQ0014531 
-54 118-3238-00 1 •. PUSH 8UTTON:W 51181 CYBB301ZW0014531 
-55 118-3230-00 1 .. PUSH BUTTON:E 51181 CYB8301ZE0014531 
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REPLACEABLE MECHANICAL PARTS 

Fig. & 
Index Tektronix Serial! Assembly No. Mfr. 
No. Part No. Effective Dscont Q~ 12345 Name & Descri~tion Code Mfr. Part No. 

3-56 118-3235-00 1 •• PUSH BUTTON:R 51181 CY8B301ZR0014531 
-57 118-3236-00 1 • • PUSH BUTTON:T 51181 CYB8301ZT0014531 
-58 118-3239-00 1 •• PUSH BUTTON:Y 51181 CY8B301ZY0014531 
-59 118-3237-00 1 • • PUSH BUTTON:U 51181 CYBB301ZU0014531 
-60 118-3231-00 1 •• PUSH BUTTON:I 51181 CYBB301 ZlO014531 
-61 118-3232-00 1 • • PUSH BUTTON:O 51181 CY8B301Z00014531 
-62 118-3233-00 1 • • PUSH BUTTON:P 51181 CYBB301ZP0014531 
-63 118-3229-00 1 •. PUSH BUTTON:GRQVE QCCENT/\ 51181 CYBB301Z82864534 
-64 118-3171-00 1 •• PUSH 8UTTON:BQCK/SPQCE 51181 H188302ZB6344529 
-65 118-3181-00 1 •• PUSH BUTTON:LINEIFEED 51181 HIBB301Z027L4529 
-66 118-3179-00 1 •• PUSH BUTTON:TQ8 51181 H IB8202ZT9294527 
-67 118-3178-00 1 •• PUSH BUTTON:CTRL 51181 HIBB201Z3C204527 
-6B 118-3215-00 1 •• PUSH BUTTON:A 511B1 CYBB201ZQ0014531 
-69 118-3223-00 1 •• PUSH 8UTTON:S 511B1 CYBB201ZS0014531 
-70 118-3216-00 1 •• PUSH 8UTTON:0 51181 CYBB201Z00014531 
-71 118-3217-00 1 •• PUSH BUTTON:F 51181 CYB8222ZF0014531 
-72 118-3218-00 1 · . PUSH BUTTON:G 51181 CYBB201ZG0014531 
-73 118-3219-00 1 • • PUSH BUTTON:H 511B1 CYBB201ZH0014531 
-74 118-3220-00 1 • • PUSH 8UTTON: J 51181 CYBB222ZJ0014531 
-75 118-3221-00 1 • . PUSH 8UTTON:K 511B1 CYBB201ZK0014531 
-76 118-3222-00 1 • • PUSH BUTTON: L 51181 CYBB201ZL0014531 
-77 118-3214-00 1 •• PUSH BUTTON::/; 511B1 CYBB201Z11294534 
-78 118-3224-00 1 •• PUSH BUTTON:QUOTES/ACUTE ACNT 511B1 CYBB201Z24524534 
-79 118-3180-00 1 •• PUSH BUTTON:RETURN 51181 HIBB205YR9846944 
-80 118-3164-00 1 •• PUSH BUTTON:CQPS/LOCK 511B1 H1TB100Z3C214529 
-81 118-3177-00 1 •• PUSH BUTTON:SHI~1 51181 HIBB102Y719S6948 
-82 118-3209-00 1 • • PUSH BUTTON: Z 511B1 CYB8101ZZ0014531 
-83 118-3208-00 1 •• PUSH BUTTON:X 51181 CYBB101ZX0014531 
-84 118-3204-00 1 • . PUSH BUTTON:C 51181 CYBB101ZC0014531 
-85 118-3207-00 1 •. PUSH BUTTON:V 51181 CYBB101ZV0014531 
-86 118-3203-00 1 •• PUSH BUTTON:B 51181 CYBB101ZB0014531 
-87 118-3206-00 1 •• PUSH BUTTON:N 51181 CYBB101ZN0014531 
-88 118-3205-00 1 • • PUSH BUTTON:M 51181 CYBB101ZM0014531 
-89 118-3200-00 1 •• PUSH BUTTON:<I, 51181 CYBB101Z10344534 
-90 118-3201-00 1 •• PUSH BUTTON:)/PERIOO 51181 CYBB101Z10354534 
-91 118-3202-00 1 •• PUSH BUTTON:?II 51181 CYB8101Z18564534 
-92 11B-3177-00 1 •• PUSH BUTTON:SHIFT 511B1 HIB8102Y719S6948 
-93 118-3187-00 1 •• PUSH BUTTON:BREQK 51181 H1BB101Z634B4527 
-94 118-3186-00 1 •• PUSH BUTTON:SPQCE BAR 51181 CYCY012Z1090260Z 
-95 118-3009-00 2 •• LEG: 30B74 44-00174-000 
-96 118-3010-00 2 •• BRQCKET,MTG:SPACER BAR 51181 44-00102-000 
-97 11B-300B-00 1 • .SPIlCER,BQR: 51181 44-00173-000 
-98 11B-3241-00 1 • • PUSH 8UTTON: 7 51181 CYBB401Z10074536 
-99 118-3242-00 1 • • PUSH BUTTON: 8 511B1 CYBB401Z10084536 
-100 118-3243-00 1 • • PUSH 8UTTON:9 51181 CYB8401Z10094536 
-101 118-3244-00 1 •• PUSH BUTTON:MINUS 51181 CYBB40tZ10404536 
-102 118-3225-00 1 • • PUSH 8UTTON:4 51181 CY88301Z10044536 
-103 118-3240-00 1 • • PUSH 8UTTON:5 51181 CYBB324Z10054536 
-104 118-3226-00 1 • • PUSH 8UTTON:6 51181 CY88301.Z10064536 
-105 118-3227-00 1 .• PUSH 8UTTON:COMMQ 51181 CY88301Z10234536 
-106 118-3211-00 1 • .PUSH BUTTON:1 51181 CY8B201Z10014536 
-107 118-3212-00 1 •• PUSH 8UTTON:2 51181 CY8B201Z10024536 
-108 118-3213-00 1 • • PUSH 8UTTON: 3 51181 CY88201Z10034536 
-109 118-3161-00 1 •• PUSH 8UTTON:ENTER 51181 HIBB606Z35OE4527 
-110 118-3210-00 1 •• PUSH 8UTTON:PHQSE 51181 CYBB105Y10106942 
-111 118-3199-00 1 •• PUSH BUTTON:PERIOO 51181 CYBB101Z10224536 
-112 118-3175-00 1 •• PUSH 8UTTON:F1 51181 HIB8501ZF4014527 
-113 118-3176-00 1 .. PUSH 8UTTON: F2 51181 HIBB501ZF4024527 
-114 118-3165-00 1 •• PUSH 8UTTON:F3 51181 HI88501ZF4034527 
-115 118-3166-00 1 • . PUSH 8UTTON:F4 51181 HIB8501ZF4044527 
-116 118-3168-00 1 • . PUSH 8UTTON: F5 51181 HIBB501 ZF4054527 
-117 118-3169-00 1 •. PUSH 8UTTON:F6 51181 HIB8501 lF4064527 
-118 118-3170-00 1 • • PUSH BUTTON: F7 51181 H188501ZF4074527 
-119 118-3159-00 1 •. PUSH BUTTON:F8 51181 HIB8501ZF4084527 
-120 118-3931-00 1 •• PUSH BUTTON:MKO F9 51181 501ZZ-0F4094527 
-121 118-3932-00 1 .. PUSH 8UTTON:MKO F10 51181 50 1Z0F4104527 
-122 118-3933-00 1 •• PUSH BUTTON:MKO F11 51181 501Z0F4114527 
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REPLACEABI.E MECHANICAL PARTS 

Fig. & 
Index Tektronix Serial! Assembly No. Mfr. 
No. Part No, Effective Dscont gtl! 12345 Nam~ & DescriQtion Code Mfr. Part No I 

3-123 118-3934-00 1 •• PUSH BUTTON:MKD F12 51181 501Z0 F43054527 
-124 118-3007-00 2 •• SPRING: 51181 45-00053-030 
-125 118-3017-00 1 •• SPRING: 51181 45-00053-060 
-126 118-3016-00 83 •• SPRING: 51181 45-00053-015 
-127 118-3028-00 1 •• PLATE,MOUNTING: 51181 49-01306-001 
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REPLACEABLE MECHANICAL PARTS 

Fig. & 
Index Tektronix Serial! Assembly No. Mfr. 
No, Part No. Effective Dscont Q~ 12345 Name & Descri[!tion Code Mfr. Part No, 
4-

STANDARD ACCESSORIES 

-1 119-1943-00 B010100 B010147 1 POINTER ASSY:OPTIONAL MOUSE BOO09 119-1943-00 
119-18D8-o0 B010148 1 POINTER ASSY:MOUSE SOO09 119-1808-00 

-2 011-0090-00 1 TERMN,UNE: 80009 011-0090-00 
016-0752-00 1 ACCESSORY POUCH:MI2 POCKETS 80009 016-0752-00 
016-0764-00 1 STORAGE BOX:5.25 DISK,10 PER BOX 80009 016-0764-00 
013-0222-00 1 CIRCUIT BOARD:BUFFER 80009 013-0222-00 

(OPTION 10) 
070-5603-00 1 MANUAl,TECH:USERS,4404 80009 070-5603-00 
070-5604-00 1 MANUAL, TECH: REF ,4404 80009 070-5604-00 
070-5605-01 1 MANUAl,TECH:INSTl,4400 SERIES 80009 070-5605-01 
070-5606-00 1 MANUAl,TECH:INTRODUCTION,4404 80009 070-5606-00 
334-5164-00 12 OVERLAY,KYBD:MKD USER DEFINA8lE 80009 334-5164-00 
119-1583-00 1 DISK,FlOPPY:5.25 INCH,48-TPI 80009 119-1583-00 

-3 161-0066-00 2 CA8LE ASSY,PMR,:3,18AMG,115V,98.0 L 16428 CH8481, FH8481 
(STANDARD) 

-4 161-0066-09 2 CA8LE ASSY,PMR,:3,O.75MM SQ,220V,99.0 l S3109 B6511000 
(OPTION A1 EUROPEAN ONLY) 

-5 161-0066-10 2 CABLE ASSY,PMR,:3,O.75MM SQ,240V,96.0 l TK1373 24230 
(OPTION A2 UNITED KINGDOM ONLY) 

-6 161-0066-11 2 CABLE ASSY,PMR,:3,O.75MM,240V,96.0 L S3109 ORDER BY DESCR 
(OPTION A3 AUSTRALIAN ONLY) 

-7 334-3995-00 2 .MARKER,IDENT:MARKED CAUTION 80009 334-3995-00 
-8 161-0066-12 2 CABLE ASSY,PMR,:3,18 AMG,250V,99.0 l NORTH 70903 CH-77893 

AMERICAN 
(OPTION A4 NORTH AMERICAN ONLY) 

-9 161-0154-00 2 CABLE ASSY,PMR,:3,0.7SMM SQ,24DV,6A,2.5M L S3109 86515000 
(OPTION AS SMISS ONLY) 

012-0911-00 CABLE,INTCON: 144.0 l, RS 232 TK6020 ESF-85249 
-10 012-1117-00 CABlE,INTCON:78.0 l, MSU TO SCSI 80009 012-1117-00 

OPTIONAL ACCESSORIES 

006-5993-00 1 CLEANING KIT:DISK DRIVE 80009 006-5993-00 
012-0037-02 1 CABLE,INTCON:4404 TO 4404F20 80009 012-0037-02 
013-0214-00 1 ADAPTER ASSY:COPIER lOOP BACK TEST FIXTURE 80009 013-0214-00 
067-1043-00 1 FIXTURE,CAl:HOST PORT LOOP BACK CONN 80009 067-1043-00 
067-1150-00 1 FIXTURE,CAl:4105,CALIBRATION GRATICULE 80009 067-1150-00 
067-1227-00 1 FIXTURE,CAL:DEBUG PORT 80009 067-1227-00 

(SEE A3 REPL) 
067-1229-00 FIXTURE,CAL:MEMORY EXPANSION DEBUG PORT 80009 067-1229-00 

(SEE A3 REPL) 
175-9818-00 1 .CA ASSY,SP,ElEC:16,28 AMG,19.0 l,RIBBON 80009 175-9818-00 
067-1238-00 1 FIXTURE,CAl:4400 LOGIC EXTENDER 80009 067-1238-00 
070-4894-00 1 MANUAl,TECH:SVCE,119-1636-00,5.25 FLEX DISK 80009 070-4894-00 

DRIVE 
070-5419-00 1 MANUAl,TECH:SERVICE,OMB/40MB HARO DISK DR 80009 070-5419-00 
070-5609-02 1 MANUAL, TECH: SERVI CE,4404 80009 070-5609-02 
070 5610-01 1 MANUAL,TECH:SERVICE,4404 80009 070-5610-01 
070-5733-00 1 MANUAl,TECH:USERS,4400 OPT 10 80009 070-5733-00 

(OPTION 10) 
119-1583-01 1 DISK,FLOPPY:5.25 INCH,48-TPI,PKG OF 10 SOO09 119-1583-01 

(PACKAGE OF 10) 
119-1692-00 OISKETTE,ALlGN: 55420 22412A 
175-9337-00 CA ASSY,SP,ElEC:34,28 AMG,64.0 L,RIBBON 80009 175-9337-00 
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Appendix A 

CODE CHARTS 

This appendix includes the ASCII (American Standard Code for 
Information Interchange) code chart which defines the 
specific characters used as paramenters for the optional 
character sets. 

87 0 00 B6 B5 0 0 1 
BITS 

84 83 82 Bl 
CONTROL 

o 0 0 0 Nu OL 16 0 

o 0 o 1 SH 01 
1 17 

0 o 1 0 Sx 02 '8 2 

01 0 1 1 Ex 03 
3 19 

o 1 0 0 ET 04 
4 20 

o 1 (3 1 EQ NK 
5 21 

o 1 1 0 AK Sy 
6 22 

o , 1 1 BL EB 
7 23 

1 0 0 0 BS CN 24 8 

1 (3 o 1 HT EM25 9 

101 0 LF SB 
10 26 

1 0 1 1 VT EC 
11 27 

1 1 0 0 
FF 12 Fs 

28 

1 1 o 1 CR GS 
13 29 

1 1 1 0 
S014 RS 

30 

1 , , 1 
SI 15 Us 

31 

Table A-1 

ASCII CODE CHART 

o 1 
0 

o 1 
1 ' 0 0 

1 0 

FIGURES UPPERCASE 

Sp 0 @ P 
32 48 64 , 1 A Q 
33 49 65 

" 2 B R 
34 50 66 

# 3 C S 
35 51 67 

$ 4 D T 
36 52 68 

% 5 E U 
37 53 69 

& 6 F V 
38 54 70 

I 7 G W 
39 55 71 

( 8 H X 
40 56 72 

) 9 I y 
41 57 ,3 

* · J Z · 42 58 74 

+ · K [ , 
43 59 75 

, < L \ 
44 60 76 

- = M 1 
45 61 77 

> N 1\ . 
46 62 78 

/ 7 0 -47 63 79 

COMPONENT-LEVEL SERVICE 

1 
1 1 

0 
1 1 , 

LOWERCASE 

\ P 
80 96 112 

a Q 
81 97 113 

b r 
82 98 114 

c S 
83 99 115 

d t 
84 100 116 

e u 
85 101 117 

f v 
86 102 118 

g W 
87 103 119 

h x 
88 104 120 , y 
89 105 121 

J z 
90 106 122 

k { 
91 107 123 

1 I 
92 108 124 

m } 
93 109 125 

n "'V 
94 110 126 

0 OT 
95 111 127 

(4526)4893·'8 
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Appendix B 

ELECTROSTATIC DISCHARGE PRECAUTIONS 

This product contains components that are highly sensitive to 
electrostatic discharge. To prevent damage to such components and 
to maintain product reliability, do NOT touch or remove the 
circuit boards or components from the terminal until the 
following conditions are met. 

HANDLING STATIC-SENSITIVE COMPONENTS 

Handle all static-sensitive components (such as ROMs, EPROMS, 
custom logic chips, etc.) in a static-safeguarded work area. A 
static-safe area is any area capable of controlling static charge 
on conductive and nonconductive materials, and people. 

The following equipment is recommended to create a static-safe 
area: 

o Conductive floor mats 

o Conductive table mat 

o Wrist strap (conducts acquired body charge to ground) 

o Ground cord (to suitable ground connection) 

o Ionized air blower (for certain applications where climate 
or other conditions create excessive static build-up) 

TRANSPORTING STATIC-SENSITIVE COMPONENTS 

Transport all static-sensitive components in static-shielded 
containers. A static-shielded container will protect its contents 
from static discharge as well as static fields. 

The following is a list of suitable static-shield containers: 

o Plastic bags (10,00 ohms/sq-cm insulation value) 

o Insulated tote boxes 

o Dip Tubes (constructed especially for transporting Dual In-line 
Package components: RAMs, ROMs, etc.) 

4404 COMPONENT-LEVEL SERVICE 1 



Appendix C 
STRAP INFORMATION 

INTRODUCTION 
The use of straps provides flexibility to the components operating parameters and allows them to 
be used in various applications. When replacing one of these components the strap settings 
should be verified by making sure the straps are in the same position as on the component that 
was removed (if the component is identical). If necessary, set them to the proper configuration 
for use. 

Jumper straps are used for most strap options, which allows a change in timing or other operating 
parameters. 

The 4406 system is designed so that each SCSI interface (Controller board) controls only one 
device. 

STANDARD MSU 
The 4406 standard Mass Storage Unit has straps on the Floppy Controller board, the Hard Disk 
Drive Controller board, the Floppy Disk Drive and the Hard Disk Drive. 

4944 OPTION 3 MSU 
The 4944 Option 3 Mass Storage Unit has straps on the Streaming Tape Controller board, the 
Hard Disk Drive Controller board and on the Hard Disk Drive. The strap settings on the 
Streaming Tape Drive should not have to be refigured when replacing a drive unit. However, 
there are currently three different generations of drive unit circuit boards that may encountered 
and four possible configurations. They will discussed later in this section. 

Each unit must be given a unique SCSI device address as listed below. This means the factory 
default setting on all but one unit must be changed. 

The SCSI cables must be connected from host to unit and daisy-chained from unit to unit, see 
Figure C-L 

The external mass storage terminator must be installed in the last SCSI connector of the last unit 
on the bus. 

4406 FIELD SERVICE 061·)211·00 C-I 



STRAP INFORMATION 

Table C-l 
DEFAULT SCSI DEVICE ADDRESS 

Unit Device Address 
Standard MSU Hard DISK DrIve U 

Standard MSU Floppy Disk Drive 1 
4944 Option 3 MSU Hard Disk Drive 2 
4944 Option 3 MSU Tape Drive 3 
2nd 4944 Option 3 MSU Hard Disk Drive 4 
2nd 4944 Option 3 MSU Tape Drive 5 

C·2 



SCSI 
" Addre .. 

r 1..4 UO Board ,~ 

440X Display/CPU 

External 
Terminator 

.Ad lit.. 

SCSI SCSI 
Address 3"l1li ,.. 

~ ... Address 2 

SCSI SCSI 
Interface Interface 

(Streaming (Hard Disk 
Controller) Con troller) 

4 

q:J ,q:J Ir 

Streaming Hard Disk 
Tape 0 Drive 0 

4944 OPT. 03 
Mass Storage Unit 

STRAP INFORMATION 

440X 
Mass Storage Unit 

7 

SCSI Addre .. 1 

SCSI ... SCSI 
Interface 

~ (Floppy Disk 
Controller) 

j~ 

,Ep 
Floppy 
Disk 0 

SCSI Address 0 

SCSI ... Interface 
r (Hard Disk 

Controller) 

~ q:J , 
Hard Disk 

Drive 0 

[!] Terminator's necessary on las 
drive of each device controller 
and at the end of the SCSI. 

5978-13 

Figure C-l. SCSI Device Addresses. 
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STRAP INFORMATION 

FLOPPY DISK DRIVE STRAPS 
The Tenninator resistor should be installed on RP-l. 

Figure C-2 shows the DRIVE SELECT (OS) unit address selection for the Floppy Disk Drive. 
You jumper OS} and MX on the Floppy Disk Drive circuit board as shown below. 

Floppy Disk Drive Straps 

DS 
0--0 

o 0 
o 0 

o 0 
0--0 0 

DS MX 

Jumpers should also be in place on the MM and HS strap option pins, as in Figure C-2. Do not 
place jumpers on the MS, HM, HL, and IV pins. 

o 0 MS 
0--0 MM 
o 0 HM 
0--0 HS 
o 0 HL 
o 0 1U 

C-4 061-3ZJ 1-00 
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• _~ .I?:,a. 
• ·fS .~ 

STRAP INFORMATION 

AP1 

Terminator should ~ 
be Installed on the 
low.r drlv. unit, and 
remov.d from the 
upper drlv. unit. 

UPPER BOARD 
(if Installed) 

Drlv. Select 
Jumpers 

I 
:~- -rei· 

rd- • f.a. 
•• • IItN .. 

• 

LOWER BOARD :~. -·ea 
ffje •• ~ ....... -• 

(S60~3A)5978·2' 

Figure C-2. Floppy Disk Drive Straps. 
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STRAP INFORMATION 

FLOPPY DISK DRIVE CONTROLLER STRAPS 
As shown in Figure C-3, there are four strap locations on the Floppy Disk Controller. The four 
strap options are: 

• J5 - SCSI ADDRESS SELECf jumper 

• J6 - UNIT READY jumper 

• J7 - WRITE PRECOMPENSATION jumper 

• J8 - FACfORY TEST jumper (always installed) 

The ADDRESS SELECT setting at J5 selects the unique SCSI address of that Floppy Disk unit, 
according to the selection matrix in Table C-2. The nonnal address is 1. 

J1 iF ~~:~: : if? ~~:~: 
:::: J6 

FLOPPY DISK 
CONTROLLER 

'--_____ -J, .... 

RSO R60 

W: !!~ [!]: E" • E IoU 24. IoU 

V 5 

Should be 
Removed t r.t 

2 L:.J .17 
S • 

~ .II 

Figure C-3. Floppy Disk Drive Controller Strap Settings. 
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CABLE 
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STRAP INFORMATION 

Table C-2 
J5 SCSI ADDRESS SELECTION 

SCSI ADDRESS 1-2 3-4 5-6 
0 Urr Urr Off 

FaclOry 
seUing: 

1 ON OFF OFF 
2 OFF ON OFF 
3 ON ON OFF 
4 .OFF OFF ON 
5 ON OFF ON 
6 OFF ON ON 
7 ON ON ON 

The UNIT READY (6) jumpers should NOT be installed. 

The WRITE PRECOMPENSATION jumper at 17 selects 125 nsec when set at the normal 
position on Pins 1 and 2. 

1 0-
: 125 nsec 

J7 2 0-

3 0 

SETTING THE HARD DISK DRIVE STRAPS 
The same hard disk drive is used in the standard MSU and the 4944 Option 3 MSU, except for 
the SCSI device address. 

Figure C-4 shows the location of drive address jumpers and the interface terminator pack on the 
drive's electronics board. The jumper block shown in Figure C-4 provides this address. 

The terminator pack provides proper termination for the hard disk controller interface lines. 
When daisy-chaining multiple drives from one controller board, the terminator is installed only in 
the last drive on the daisy chain. With just one drive connected to the controller, the terminator 
should always be installed on the drive's circuit board. 

Table C-3 describes the possible settings for the jumper block. The proper setting is highlighted. 
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Table C-3 
Maxtor Drive Select Jumpers 

Function 

• 
Drive Select 0 
Drive Select 1 
Drive Select 2 
Drive Select 3 

Boar~~4~ei' 
4C3lel I ,," 123456 

Pin ~umbers >Pbi~umbers 

I,e 
2,e 
3,e 
4,e 

5,6 
4,5 
2,3 

. ],2 

J2~ J1~ __ J3_-:::7 
4C32C1 

NOTE: Some 1# 10000001 
boards have pins ~ - . 
marked; 123456. 
The boards are 
electrically equiva-
lent; only these 
labels are different. 

Olt Terminator 
"- Resistor 

Pack 

Figure C-4. Maxtor Hard Disk Strap Locations. 

HARD DISK DRIVE CONTROLLER STRAP 
OPTIONS 

5978-16 

Be sure that the terminators (RP-3 and RP-4) are removed when replacing a hard disk drive 
controller board. 

Figure CoS shows the location of the disk drive control1er board jumper blocks. Jumper position 
JS sets the SCSI bus address of the controller. Jumpers A·B, CoD, and E·F set the controller 
address on the SCSI bus from 0 to 7. An installed jumper is a logical 1 and a removed jumper is 

c·g 



a logical O. Jumper E-F is the most significant and jumper A-B is the least significant. For a 
controller address of 0, all three jumpe~ should be removed. Refer to the Default SCSI Address 
settings given at the begining of this section. 

Two DMA transfer speeds are supponed. Some host adapte~ or DMA channels cannot suppan 
the maximum transfer rate of the controller, BY5ening the jumper between G-H, the transfer rate 
is cut in half and runs at a rate of SYSCLOCKl4lon single sector transfe~. Multisector transfers 
are always made at a rate of DATACLOCK/~,~d are not afected by this jumper. 

Jumper o-p sets the diagnostic mode. When installed, a reset will cause a continuous self-test of 
the controller and drive. This option is used for factory bum-in and should not be used in the 
field. 

The final jumper position near J 1 sets the pre-eomp-ofthe drive. If jumpers R-S are shoned, the 
precomp starts at the reduce write cunent point If jumpers R-T are shoned, precomp is applied 
to all tracks. If jumper R-PLL is installed,. no tracks are precomped. The default for for jumpers 
G-H, 1-1, K-L, M-N, AND o-p are removed ... 

NOTE 

When replacing a hard disk drive controller be sure the terminators 
are removed. 
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STR,A., INFORMATION 

••••••••••••••••••••••• 1 ••••••••••••••••••••••• J4 

, J5 0 
N .0 .. 
L .0 K 
oJ :: I 
H DO G 
F 00 E 
D :: C 
• A 

RP4 

FigureC-S. Hard Disk Drive Controller Board Jumpers. 

STREAMING TAPE DRIVE STRAP SETTINGS 
The strap senings on the Streaming Tape Drive should not have to be refigured when replacing a 
drive unit. However, there are currently three different generations of drive unit circuit boards 
that may be encountered and four possible configurations. 

The Wangtek board numbers are Assy 30062 (Jatest), Assy 30051, and Assy 30032. The 
processor pan on board Assy 30062 is PIN 20585. Board Assy 30051 may be equipped with 
either a PIN 20585 processor or a PIN 20461 processor. 

The strap settings for board number 30062 are shown in Figure C-6. The strap settings for board 
number 30051 are shown in Figure C-7. 

C-IO 061· JZII.(lO 



f\El 
~'r . T~g~ 

TerminatO. rs 
Installed . 

l 

T"jCl W 
~ .. 

HOR1 

EN • • 

\ . 

~ .• 
~ 

Figure C-6. Streaming Tape Drh'e Strap Settings-30062 Board Assembly. 

4406 FIELD SERVICE 061·3211·00 

5609·32" 

C-ll 



STRAP INFORMATION 
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STRAP INFORMATION 

The strap senings for board number 30032 are as follows: 

HOR 1 

10 0 

'0 "0 

0 0 

0 c 
0-0 

0 0 

0 0 

80 q 

~~;:)s 

'0 0 

0-0 

9/ 1 2 

HOR Z 
0 010 

Doal'd Assy300J2 

~w t, 

o 0 

'F 1 

0, 0 

0 9 No JlI1mper No Jumper 

0 0 

0 0 

0 0 

0 0 

o'llk,'~e 

0 0 

0 01 

o 0 o!HC 

__ 0 0"":(;$' 

He 

HDR3 
o 0',00 0 0 0 0 

\ I .t' I 

\1, ' , I '1 

P 0 ,0'0 0 0 0 0 
~;~ ~/ 8 
;;., * f' 

Factory Preset-M~y Va~y 
(Cro NofChange) 

TAPE DRIVE CON"FROLt'ER STRAP OPTIONS 
As shown in Figure C-8,'the controller has four sets of jumpers. The jumpers in position J4 set 
the controller address and the drives. ,~u~ber C?f tJ:ack~ .• .!~rr.!~rs ,P:;~~,.~-F a~ E-:I?~nn~ 
controller address on the SCSI bus .. , Ant~stiU5(lt ;u.mperls a '·lh ai1d'a fe'iR6~ed'~utnpef IS?'O < 

Jumper CoD is the most signifi~ant and jumper G-H is least significant. 

For a controller address of zero, all three jumpers should be removed. 
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Figure C-S. Tape Drive ~~}er Jumpers. 
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	0000
	0001
	0002
	001
	002
	003
	004
	005
	006
	007
	008
	009
	010
	011
	012
	013
	014
	015
	1-01
	1-02
	2-00-01
	2-00-02
	2-01-01
	2-01-02
	2-01-03
	2-01-04
	2-01-05
	2-01-06
	2-01-07
	2-01-08
	2-01-09
	2-01-10
	2-01-11
	2-01-12
	2-01-13
	2-01-14
	2-01-15
	2-01-16
	2-01-17
	2-01-18
	2-01-19
	2-01-20
	2-01-21
	2-01-22
	2-01-23
	2-01-24
	2-01-25
	2-01-26
	2-01-27
	2-01-28
	2-01-29
	2-01-30
	2-01-31
	2-01-32
	2-01-33
	2-01-34
	2-01-35
	2-01-36
	2-01-37
	2-01-38
	2-01-39
	2-01-40
	2-01-41
	2-01-42
	2-01-43
	2-01-44
	2-01-45
	2-01-46
	2-01-47
	2-01-48
	2-01-49
	2-01-50
	2-01-51
	2-01-52
	2-01-53
	2-01-54
	2-01-55
	2-01-56
	2-01-57
	2-01-58
	2-01-59
	2-01-60
	2-01-61
	2-01-62
	2-01-63
	2-01-64
	2-01-65
	2-01-66
	2-01-67
	2-01-68
	2-01-69
	2-01-70
	2-01-71
	2-01-72
	2-01-73
	2-01-74
	2-01-75
	2-01-76
	2-01-77
	2-01-78
	2-01-79
	2-01-80
	2-01-81
	2-01-82
	2-01-83
	2-01-84
	2-01-85
	2-01-86
	2-01-87
	2-01-88
	2-01-89
	2-01-90
	2-01-91
	2-01-92
	2-02-01
	2-02-02
	2-02-03
	2-02-04
	2-02-05
	2-02-06
	2-02-07
	2-02-08
	2-02-09
	2-02-10
	2-02-11
	2-02-12
	2-02-13
	2-02-14
	2-02-15
	2-02-16
	2-02-17
	2-02-18
	2-02-19
	2-02-20
	2-02-21
	2-02-22
	2-02-23
	2-02-24
	2-02-25
	2-02-26
	2-02-27
	2-02-28
	2-02-29
	2-02-30
	2-02-31
	2-02-32
	2-02-33
	2-02-34
	2-03-01
	2-03-02
	2-03-03
	2-03-04
	2-03-05
	2-03-06
	2-03-07
	2-03-08
	2-03-09
	2-03-10
	2-04-01
	2-04-02
	2-04-03
	2-04-04
	2-04-05
	2-04-06
	2-04-07
	2-04-08
	2-05-01
	2-05-02
	2-05-03
	2-05-04
	2-05-05
	2-05-06
	2-05-07
	2-05-08
	2-05-09
	2-05-10
	2-05-11
	2-05-12
	2-05-13
	2-05-14
	2-05-15
	2-05-16
	2-05-17
	2-05-18
	2-05-19
	2-05-20
	2-05-21
	2-05-22
	2-05-23
	2-05-24
	2-05-25
	2-05-26
	2-05-27
	2-05-28
	2-05-29
	2-05-30
	2-05-31
	2-05-32
	2-05-33
	2-05-34
	2-05-35
	2-05-36
	2-05-37
	2-05-38
	2-05-39
	2-05-40
	2-05-41
	2-05-42
	2-06-01
	2-06-02
	2-06-03
	2-06-04
	2-06-05
	2-06-06
	2-06-07
	2-06-08
	2-07-01
	2-07-02
	2-07-03
	2-07-04
	2-07-05
	2-07-06
	2-07-07
	2-07-08
	2-07-09
	2-07-10
	2-07-11
	2-07-12
	2-07-13
	2-07-14
	2-07-15
	2-07-16
	2-07-17
	2-07-18
	2-07-19
	2-07-20
	2-07-21
	2-07-22
	2-07-23
	2-07-24
	2-07-25
	2-07-26
	2-07-27
	2-07-28
	2-07-29
	2-07-30
	2-07-31
	2-07-32
	2-07-33
	2-07-34
	2-07-35
	2-07-36
	2-07-37
	2-07-38
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