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PREFACE 

USING THIS MANUAL 

This manual is intended to be used by those who need a detailed description of the internal operation of the 
MCP1600 Microprocessor Set. Users in this category are usually those who are implementing their own micro
code structures and thus require a detailed knowledge of the machine. 

- Sections 2,3,4 and5 are of interest to the overall system architect 
- Section 6 is of interest to the sophisticated user who will attempt to hookup to the M I B 
- Section 7,8, and 9 are of interest to the interface designer 

If you are not sure of your need for information, the attached flowchart may be of assistance. Contact a 
WOC Applications Engineer Representative for any additional information. 
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SECTION I 

GENERAL SYSTEM CONFIGURATION 

1.1 GENERAL 

The Western Digital MCP1600 microprocessor is an 8-bit microprogrammable computer implemen-
ted with 3 MOS/LSI chips using WDe's N-channel silicon gate process. The chip set consists of the 
CP1611 B Data chip, the CP1621 B Control Chip, and the CP1631 B microinstruction ROM (MICROM) 
chip. 

These chips are interconnected by the 22 bit Microinstruction Bus (MI B) which provides bi-directional 
communication between the chips for addresses and instructions. A Data Access Bus provides a 
16 bit port for communicating with other system components such as memory and I/O. 

The I ist below describes the pertinent aspects of the set: 

• 8-bit I nternal Organization 

• 16-bit Data Access Port to Memory and I/O 

• 26 Registers 
• Extensive Microinstruction Set Including Decimal Operations 

• Single and Double Byte Operations 

• Micro and Macro Level Condition Flags 

• 512 Word x 22-bit Control ROM 
• Control ROM Expandable to 2048 words 

• Micro Level Subroutine Capability 
• Programmable Translation Array for Macroinstruction Interpretation 

• Four External I nterrupts and Three I nternal Interrupts 

• External I nstruction Set 

• Power Supplies +12V, +5V, and -5V 
• 3.3 MHZ Four Phase Clock (Also available in 2.75 and 2.2. MHz versions) 

• TTL Compatible 3 State Interface 

The MCP 1600 Microprocessor Set is easi Iy interfaced to a variety of appl ications through many of 
the standard product offerings of Western Digital and other semi-conductor companies. 

1.2 UNIQUE FEATURES OF THE MCP1600 

The MCP 1600 has two uncommon and usable features that set it apart from the standard run of 

MOS microprocessors. 

The MCP1600 is 'a vertically microprogrammable processor. 

The MCP1600 has a programmable translation array which quickly and auto
matically generates the jump vectors required for emulation and macroinstruction 
applications. 

The unusual feature of being able to decode macroinstruction quickly and automatically sets the 

MCP1600 apart from other devices in the microprocessor market. 

Unlike other offerings in the MOS microprocessor marketplace, the MCP1600 can be applied to 

problems that demand speed for their solution. The combination of speed (maximum 3.3 MHz 
instruction rate) and high density (thus great processing power) brings the economic advantages 

of MOS to bear upon problems which previously could only be attached by bipolar microprocessors 

or special logic designs. 

Careful review of the contents of this manual will stimulate the imaginative user to think of many 

applications to which these unique features can apply significant advantage. 

1.3 AREAS OF APPLICATION 

One of the unique attributes of the MCP1600 is its ability to be sensitive to data. The Program

mable Translation Array provides this ability by allowing the address of the next instruction fetched 
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to be determined by data, if desired. This makes the MCP1600 highly suitable to areas of appli
cation that require a substantial amount of data decoding. Such application might be: 

The emulation of an existing computer's instruction set. 

The invention of a new, application oriented instruction set. 
The construction of a macro-instruction processor 

The construction of a data driven processor 

Another of the attributes of the MCP1600 is its ability to quickly process data in a sophisticated 

manner. The availability of a rich instruction set coupled with speed and a variety of registers make 

the MCP1600 especially applicable to problems that require great quickness. Applications such as: 

Communications Multiplexing 

Host computer front ends 

Medium Speed Peripheral Device Control 

can readily be attacked by the MCP 1600. 

The MCP1600 provides still another advantage to the system designer. It is truly easy to interface. 
Including the processor set and all other logic a microcontroller can be implemented with as few 

as 15 parts. Figure 1-2 shows such a system. 

Specific application notes detailing ideas relevant the application of the MCP1600 to the above men
tioned areas are available from your Western Digital sales representative. 

1.4 BLOCK DIAGRAM 

Figure 1-1 describes the interconnection of the 
required components of the MCP1600 micro

processor set. The DATA CH I P, (CP 1611 B) 

contains the arithmetic logic unit, the micro
instructions decode and the register file. Ad

ditionally, it contains paths to control the 
operation of the processor. 

The CONTROL CHIP (CP1621B) contains 
the program translation array, portions of the 

control circuitry to control operation of the 
processor set, the microinstruction counter 

and the I/O control system. 

The MICROM CHIP (CP1631B) contains the 

microinstruction ROM. The MP1600 micro

processor set may be expanded up to four 
MICROMs giving the user a total of 2,048 

22 bit microinstructions. The simple system 

illustrated in Figure 1-2 shows all of the 

functional components needed to make a work

ing microprocessor. Note that, in addition 
to the three parts comprising the Micropro

cessor Set, twelve other available standard 

TTL parts are required. These parts serve to: 

Generate the clocks 

Latch and gate input signals 

Latch and gate output signals 

This is to be contrasted with some other com

mercially available microprocessors which may 
require as many as 50 other parts to imple

ment a system of equivalent capability. 
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SECTION II 

SYSTEM COMPONENTS 

2.1 GENERAL 

This section describes the main functional components of the MCP1600 system. The reader should 

be aware that the system is physically partitioned into three kinds of devices. He should be more 

interested and aware of the logical partitioning of the system, which encompasses five areas: 

Processing and data handling. This is generally handled on the CP1611 B Data Chip. 

Next I nstruction Address Generation. This is generally handled on the CP 1621 B 
Control Chip. 

Microinstruction Storage. These are contained on one or more CP1631 B Microin
struction ROMs. 

Microinstruction Bus. This bus connects the three types of devices together and pro

vides a path for the microinstructions to flow from the microinstruction ROM to 

both the Control and the Data Chip. 
Data Access Bus. Th is bus provides access from the MCP 1600 microprocessor set 
to the outside world. Lines comprising this data access bus come from all three of 

the chip types. Lines containing the address and data come from the Data Chip, 

control lines defining the state of the data access come from the Control Chip 
and user programmable control lines come from the Microinstruction ROM. 

While not strictly a logic component, the clocking scheme should be noted here. 

The MCP1600 operates on a four phase clock system. While there are some variations, the general 
use of each phase period is: 

01 I nstruction Access 

02 Data Access 

03 Execution 

04 Data Update 

The clocking scheme can be more easi Iy understood by reference to secti on III and section VIII. 

This section will describe the functional components that make up these partition areas. 

2.2 REGISTERS 

This section will describe data handling registers in the MCP1600 set of interest to the system 
designer. 

Register File. The Register File consists of 26, 8 bit registers which provide RAM data stor

age for the MCP1600 processor set. The register file has 2 output ports and 1 input port. 
Fourteen of the registers of the file can be directly addressed by the A and/or B register de

signators of a microinstruction. Additionally, the 16 top-most registers of the register file 

may be considered as register pairs and can be addressed by, the G register (see below) to 

permit operation on full words of data. The Register File is on the Data Chip. 

The A and the B output ports of the register file feed into the ALU. 

G register. The G register is a pointer register on the Data Chip that describes the currently 
accessed linked consecutive pair of registers in the register file. Figure 2-1 describes the inter

action between the G register and the register file. Note that, when the G register is being 
used, access to the register file is from the top down. Thjs is opposed to the access to the re
gister file when only the A and B fields are being used as designators, in which case it is from 

the bottom up. This register is loaded by IW and LGL instructions. "Input Word" instruc

tion loads the G Register from the DAL bus as specified by the "b"field of the instruction. 

"Load G Low" instruction loads the G Register Ra. 

The first (or lowest) 14 registers of the Register File are addressable only from the MIR 

register. The top 12 registers are addressable only from the G-Register. The middle 4 registers 
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are addressable from either the G or the M I R registers. Figure 2.1 describes the addressing 

conventions of this file. It is helpful to note that if the a or b fields of the MI Rare 1 or 

0, then this enables G-Register addressing. 

Some Examples 

Assume G = 4, a = 0, b = B 
Then one operand (A Port) will be from G'8' 
The other operand (B Port) will be from R'8' 

Assume G = 0, a = 7, b = 1 
Then one operand (A Port) will be from R'7' 
The other operand (8 Port) will be from G'1' 

Assume G = 6, a = 1, b = 0 

Then one operand (A Port) will be from G'D' 

The other operand (B Port) will be from G'C 

Assume G = 3, a = 6, b = A 

Then one operand (A Port) will be from R'6' 

The other operand (B Port) will be from R'A' 

- Assume G = 5, a = 0, b = 1 

Then one operand (A Port) will be from G'M 

The other operand (B Port) will be from G' B' 

REGISTER FILE ADDRESSING MODES 
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ALU Status Bits. The ALU provides 4 status bit outputs which reflect the result of each 8 bit operation. The ZB and NB bits 

are updated after every ALU operation. C4 and C8 are updated for Arithmetic or Shift operations. These bits may be tested 

by Jump but their primary function is to pass result data from the first cycle of a word instruction to the second cycle. 

The available status bits are: 

ZB: Set if the result of a Byte or Word operation is zero; cleared otherwise. 

NB: Set if the high-order bit of a Byte or Word operation is a one; cleared otherwise (except for SRW 
and SRWC). 

C4: Set if Carry Out of Position 3 is a one; cleared otherwise. Updated only on Arithmetic operations. 

This status bit is used mainly for decimal arithmetic corrections. 

C8: Set if Carry Out of Position 7 is a one; cleared otherwise. (Note that this status bit is not set to borrow 
for subtract as is the case with the C Flag.) Also set if the shifted off bit of a Shift operation is a 

one; cleared otherwise. 

Condition Flags. The Condition Flags consists of 4 latches which can reflect the status of the previous 

ALU results. The updating of these flags can be selectively enabled or disabled at the discretion of the mi
croprogrammer. The condition flags are updated with odd-numbered instruction opcodes in the range of 

80 -EF. 

Z Flag: Set if the result of a Byte or Word operation is zero, cleared otherwise. 

N Flag: Set if the high-order bit of the result of Byte or Word operation is (except for SRW and SRWC) 

is a one; cleared othewise. (Note that this is the complement of the sign of the result if over

flow occurs.) 

C Flag: Monitors the carry, borrow and shifted off bits as follows: 

Add and Increment: 

Subtract and 
Decrement: 

Shift: 

Set if there is a carry from the most significant bit of the Byte or Word result; 

cleared otherwise. 

Set if there is a borrow (complement of carry) from the most significant bit of the 

Byte or Word result; cleared otherwise. 

Set if the bit shifted off in a left or right shift is a one; cleared otherwise. 

The C Flag is not affected for operations (other than those listed above) even if the other flags are updated. 

V Flag: Set if there is an arithmetic overflow on Arithmetic operations. Cleared if there is no overflow and 
on Non-arithmetic operations. On Add operations overflow occurs when the sign of the two oper
ands are the same and the sign of the result is different. On Subtract operations overflow occurs 
when the signs of the two operands are different and the sign of the result is different from the 
operand in Ra (V=C7 a3 C8). 

The format of the ALU status and flag register word is shown below: 

NB ZB C4 C8 N Z v C 
7 6 5 4 3 2 o 

MI R Register. The 16 bit MI R register holds the least significant 16 bits of the 22 bit microinstruction 

currently being executed. The MI R register is loaded every 01 unless the currently executing microin

struction is of the 2 cycle variety. In th is case the register is not clocked on the second occurrence of 01. 
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2.3 INSTRUCTION ADDRESS GENERATION 

This section describes the register and arrays used in generating the next microinstruction address. 

Location Counter Register. The Location Counter (LC) is an 11 bit register which holds the address 

of the next microinstruction to be accessed. Under normal conditions, the LC is incremented by 

one after each access of a microinstruction. The LC can be altered by other than one by execution 
of a Jump instruction or a Return from Sub-routine (RFS) instruction or by invoking a PTA translation. 

Return Register. The Return Register (RR) holds an 11 bit address and permits a subroutine depth 
of one in the microprowam. When a subroutine jump is indicated (MI B 16 = 1) the return register 
stores the incremented contents of the LC. Contents of the Return Register can be transferred to the LC under 
the control of a RFS - (Return From Subroutine). 

Translation The Translation Register (TR) is a 16 bit register which holds the data 
presently being input to the PTA. Data on the Microinstruction Bus (MIB) is used to load the Trans

lation Register. Note that only the upper or lower half of the Translation Register can be fed into 

Array 3 at one time. 

Translation Arrays. There are four arrays on the control chip that control the generation of the next 

microinstruction address. They generate new inputs into the LC register, as a function of the 

LC register contents, the contents of the translation register, interrupts, and other miscellaneous 

inputs. The detailed operation of these arrays is.discussed in Section 4, PROGRAMMED TRANSLATION 
ARRAY OPERATIONS. 

2.4 MICROINSTRUCTION BUS 

The Microinstruction Bus serves to interconnect the three required parts of the MCP1600 Microprocessor 
set. The bus is organized into 4 distinct sections: 

MIBOO - MIB15 carry proper microinstruction data from the microinstruction ROM chip to both the 

control chip and the data chip. These lines may also carry data between the data chip and the con
trol chip under certain conditons. 

M I B 16 controls the subroutine jump operation. When M I B 16 is set on a jump instruction, it causes 

the incremented contents of the LC register to be placed into the Return Register. 

M I B 17, if set, causes the PTA on the Control Ch ip to perform a Read Next I nstruction translation. 

MIB18 - MIB21 are TTL level outputs that can be programmed by the user as his needs dictate. 
They are not used by the MCP 1600 Microprocessor set to control its operations. They are provided 
for the conven ience of the user in order that he may interface to the M I B bus or control devices 

directly from the microprogram level. 

2.5 DATA ACCESS BUS 

The Data Access consists of three sections: 

DALOO· DAL 15 carry address and data between the data chip and the outside world. 

Outside Control Lines. There are five TTL level Outgoing Control Lines that inform the outside 
world of the present state of the MCP1600 set. These signals inciudeSync, Input Instruction, 
Output Instruction, Interrupt Acknowledge, and Write-Byte. 

I ncom ing Control Lines. There are 8 TTL level I ncoming Control Lines. These incoming control 

lines inform the MCP1600 Microprocessor set of the state of affairs in the outside world. There 
are four interrupt lines, a Compute line, a Reset line, a Reply line and a Busy line. 

With these lines, the MCP1600 can control a wide variety of peripheral devices. 
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2.6 MICROINSTRUCTION STORAGE 

MICROM 

The microinstruction ROM is a 512 X 22 -bit word, high speed ROM which stores the instructions of 
the microprogram. The transfer of addresses into the chip and the microinstruction out of the chip are 
performed over the M I B. Address is received from push-pull drivers in the Control Ch ip on f/J 2. The 
decoding takes place on f/J 3. On f/J 4 the selected microi nstruction is internally accessed and t~e M I B 
is precharged. The accessed microi nstruction is placed on M I B15-M I Bf/J for transfer to the Data Chip and 
Control Chip during f/J 1. 



SECTION III 

CPU OPERATIONS 

3.1 GENERAL 

This section describes the internal workings of the Data Chip, the CPU of the MCP1600 system. 
Its purpose is to provide the designer with a background understanding to enable him to more 
effectively interface with the Micro I nstruction Bus and the Data Access. 

The description of the MCP1600 Processor must proceed from the knowledge that there are two 
important and distinct partitions to the processor. The first partition, called the Data Chip, pro
vides classical stored program processing. The Data Chip consists of: 

A register file 
An arithmetic logic unit 

A M icroi nstruction register 
A register file address decoder 
A control signal generation function 
Condition flags 
Jump decoding 
I nput/Output gating 

The data chip is responsible for data manipulation as a result of instruction execution. 

The second partition, the Control Chip, generates address data that directs the accessing of the next 
microinstruction to be executed. This address generation mechanism provides the MCP1600 with its 
unique emulation capabilities. While the Data Chip is executing the presently fetched microinstruc
tion, the Control Chip is performing a transformation upon the presently executing macroinstruc
tion to determine the address from which to fetch the next microinstruction to be executed. 

The description of the processor proceeds by first outlining the operation of the Data Chip (CPU) 
and then in the following section outlining the operation of the Control Chip. It is important to 
note that the two chips are not synchronized except by a common clock and the fact that the con
tents of the M I register on the Control Chip and the contents of the M I R register on the Data 
Chip are the same. One control line is passed between the Data Chip and the Control Chip. 
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3.2 CPU OPERATIONS 

We start the CPU operation description by first assuming that the machine has been properly reset 
and has just entered the compute mode. The Control Chip will cause microinstruction to be fetch
ed from the MICROM to be placed on the MIB bus. (See Figure 3-1) Assuming that the clock is 
now on the lead ing edge of 0 1, the contents of the M I B bus are gated into the M I R register on the 
Data Chip and the MI register on the. Control Chip. 

MIR 

FIGURE 3-1 
01 DATA PATHS 

W 
0..0 
::;0 "U ~~ 

WAIT 

At the end of 0 1 (trail ing edge of the clock), the contents of the M I R register have settled. The 
contents on the M I R register are held fixed until the next occurance of 0 1 (four phase times). 

At the beginning of 02, the contents of the M I R register are presented to the various different 
functions of the CPU. The A and B fields are presented to the address decoder, as is the G re
gister. The contents of the M I R register's C field and OP field are presented to the master control 
function of the Data Chip. During 02 and 03 the master control function decodes the C field 
and generates signals which control' the gating of data to the various functions of the Data Chip. 
Also during 02 the address decoder is interpreting the contents of the A field and the B field 
and accessing the appropriate register in the register file. Also during 02 the condition codes 
reflecting the result of the last ALU operation become valid. They are presented to the FLAGS 
register which retains them for examination on the next occurance of 04. Figure 3-2 illustrates 
o 2 data paths. 
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Phase 3 is the register access phase. Dunng 03 data is presented to the ALU by the A and the B 
output ports of the register file. Data may also be presented to the ALU B port by means of the 
literal path from the MIR register. Note the literal path (whose contents are the C and B field of 

the MI R) bypasses the address decoding logic and the register file. Also during 03 the contents 
of the A and B register file output ports may be presented to the Data Access on line DALOO 
--DAL 15. Also during this phase time the contents of the register file A port may be presented 

to the flag register. Finally, during this phase time, the contents of the register files A and B 
ports may be presented to the gating which controls access to the M I B bus. Figure 3-3 illustrates 
o 3 data paths. 

3-3 



01 

..... 
6. 
LL 

'------',~-- JXX 

FIGURE 3-3 
o 3 Data Paths 

04 

LJ.J 
Cl. 0 
:;;:0 
~U 
--, LJ.J 

o 

LO 

cO e 
...J 
« 
o 

MASTER 

CONTROL 

..... e 
6. 
e 
...J 
« 
o 

WAIT 

During (/)4 the output of the ALU becomes valid. Also during (/)4, input to the ALU may occur 

from the data bus. That is, data presented on lines DALOO--DAL 15 may be presented to the gating 
structure which controls the output of the ALU. Finally, during (/)4, the data available from the 
Data Access may be presented to the gating structure that controls access to the M I B bus. Figure 
3-4 illustrates the (/)4 data paths. Note that, during (/)4 the jump control takes place. If the jump 

decoder indicates that all the proper jump conditions are met and if JXX is asserted, then MIB15 
will cause the Control Chip to effect a jump on the next clock cycle. 
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As the next (/J 1 clock occurs to start the next cycle of the instruction/execution, the data that 

was presented to the gating structure that controls access to the A input port of the register file 

is gated or not gated, depending upon a signal from the Master Control, into the register file. 

Figure 3-5 illustrates this path. If the instruction contained in the MIR register is one that requires 

only one clock cycle for execution, then a new instruction is fetched from the MICROM according 
to the address generated by the Control Chip and execution begins as in Figure 3-1. 
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If however, the instruction requires two cycles for execution, things proceed differently. At the 

begi nning of 0 1 of the second cycle, the contents of the M I R are preserved, no new data is gateo 

in. The low order bits of both the 'A' and 'B' fields are complemented to access adjacent slots in 

the register file to those previously addressed in the first cycle. Also during this phase, the CPU 

may output data to the MIB bus. Figure 3-5 illustrates this path. 

Other than these exceptions, two cycle instructions proceed as do one cycle instructions. 

MIR 

26 x 8 

FILE 

ADDRESS DECODER 02 

04 

FIGURE 3-5 
~1 Data Paths 
Second Cycle 

3-6 

JXX 

w 
a. Cl 
~o 
::l U ....,w 

Cl 

CONTROL LINES 

M 
MASTER S 

CONTROL 

WAIT 

N 
S 



3.3 CONTROL LINES 

During 02 and 03 the Master Control function is decoding the new contents of the MI R register 

in order to generate signals to control the data transfers described above. These control signals 
are generated on the basis of the contents of the C and OP fields of the M I R register. All of the 
control lines generated by the Master Control function are not described here because some of 
them serve timing and sequencing functions that are not necessary to the understanding of the 
CPU operation and how it affects the Data Access and Microinstruction Bus. However, there are 
several control lines which the designer may find helpful to understand. They are shown in the 
attached diagram, Figure 3·6, and, in order, they are: 

3.3.1 REGISTER LOAD 

This control line determines whether or not the output of the ALU will be gated back into the 
register file input port. It is invoked by register to register format instructions. 

3.3.2 LOAD FLAGS 

This line controls whether or not the output of the FLAGS register will be gated into the register 
file input port. It is generated by the Load Flags and Copy Flags instruction. 

3.3.3 LOAD H I BYTE 

This control line determines whether or not the contents of the DAL08-15 will be gated into the 
register file input port. This line is controlled primarily by the Input class of instructions. 

3.3.4 LOAD LO BYTE 

This control line determines whether the contents of DAL-07 will be gated into the register file 
input port. It is generated by input class instructions. Note that this signal and preceeding signal 
are generated by the specification in the B field of the appropriate input instruction. Note also that 
one can input the low order byte, the hi order byte, or both bytes. This latter case is an Input 
Word Instruction. 

3.3.5 MODI FY LO 

This control line is invoked by the Modify instruction and causes the output of the A register 
file port to be gated on to the low order 7 bits of the microinstruction bus. This control line is 
also invoked by the Load Translation Register instruction. 

3.3.6 MODIFY HI 

This control line is the high order analog of the previously described control line. 

3.3.7 JXX 

This control line is invoked by the jump instruction. It is made hi during the first phase four 
of the jump ,instruction, if the jump instructions have been met. It causes the contents of the 
MI register on the control chip to be placed into the LC register. 

3.3.8 LOAD LIT 

This instruction controls the multiplexer which selects the B input to the ALU. The ALU B input 
port may be fed from either the literal field of the M I R register or the B port output of the regis
ter file. This control signal is set by the literal class of instructions and causes the B input to the 
ALU to be selected from the literal path. 
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3.3.9 DOUBLE/SINGLE 

This control line is generated by the Master Control for use by itself. It is invoked by instructions 
that require two cycles for execution. In the main, it controls whether or not a new instruction is 
gated into the MI R register at the next occurance of (/) 1. 

3.3.10 LOAD TR 

This control line is invoked by the I nput Word instruction if either bits 4 or 50f the B field are 
set. These bits being set will cause the data on the Data Access to be placed into the translation 
register on the Control Chip. It is in this fashion that new macroinstructions are fetched from the 
user memory for decoding. 
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REGISTER LOAD ~AlL~U.sO~U!.:!T!P~UIT~==::L_~ 

L-_____ LOAD TR 

DAL08-15 

L.....--------MODIFY HI 

B PORT OUTPUT 

WAIT 

MASTER 
CONTROL 

CONTROL LINES 

LOAD FLAGS FLAGS OUTPUT 

LOAD HIBYTE _::::DA=L0::::8~-1:.::5:-_'::;"'-1_~ 

LOAD LOBYTE _.::.D;..:A.::.L0:;,;0:...-0:..;7 __ '-;-I_J 

A PORT INPUT 

01 
DAL0B·15 

DOUBLE/SINGLE 

FIGURE 3-6 
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4.1 GENERAL 

SECTION IV 

PROGRAMMABLE TRANSLATION ARRAY (PTA) 

This section describes the operation of the MCP1600 Microprocessor set's most unique feature, the 

Programmable Translation Array. The Programmable Translation array serves to generate new micro· 
instruction fetch addresses as a function of several parameters. These parameters are those which are 
normally considered during the decode of a macroinstruction. While the Programmable Translation 
Array was designed specifically to eliminate most of the over head of macroinstruction translation, 
it is useful for other purposes. One could, for instance, conceive of a data driven processor that would 
determine the next operation to be performed on a data structure as a function of the present data 
and the present operation. The uses of the Programmable Translation Array are limited only by the 
system designer's imagination. 

Briefly, the Programmable Translation Array consists of eight elements. They are: 

Location Counter. 
Array 1 

Array 2 

Array 3 

Translation Register 
Array 4 

Translation State Register 

Return Register 

These elements give the capability of calculating microinstruction addresses other than sequentially, 
or as specified by a jump instruction. Figure 4-1 depicts their interconnection. The mapping (or new 

Location Counter value) that the PTA generates, when invoked, is a function of the value of the 

Location Counter, the contents of the Translation Register, the interrupts, and the state of the R N I 

line. 

11 

01 

LC 

02 

RR 

FIGURE 4-' 
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4.2 PTA COMPONENTS 

This section will describe the components of the Programmable Translation Array and their functions. 

4.2.1 LOCATION COUNTE R 

4.2.2 

It is the function of the Location Counter to hold the address of the next microinstruction. The Lo
cation Counter is 11 bits wide and has outputs to M I BOO-M I B 1 0 and to Array # 1. I t has inputs from 

the Master Control function, Array #4 and the Return Register. There is also an' input to the Location 
Counter from an incrementer. 

ARRAY #1 

Array #1 is an 88 element array of active low input AND gates with 23 inputs There are 11 true inputs and 11 
complemented inputs from the Location Counter and the RNI bit (MIB17). Figure 4-2 illustrates the organization 

of Array #1. Figure 4-3 illustrates the concept, as opposed to implementation of a typical gate, one of 88, 

that make up Array #1. The outputs of these gates make up the bulk of the inputs of Array #2. 

Word 0 

Word 1 

Word 2 

Word 3 

Word 4 

Word 82 

Word 83 

Word 84 

Word 85 

Word 86 

Word 87 

OUTPUT N LeN· LeN. RNI 

I-+ ____ A.._d __ ' o'--____ +--___ ---'Ad'-' 0"--___ --..1 - - - - - C> Output 0 

H ____ "'Ad'-':...' ____ -+ ____ :..:.Ad::.'.:..' ____ --j - - - - - - C> Output 1 

H ___ ---'A.=dc.:' ' '--____ t---___ ~Ad'=' :::-' ____ -1 - - - - - - C> Output 2 

Adr 3 Adr 3 Output 3 

H_---==_A-d-' 4 __ --=:::-_t---____ Ad_, 4 ____ ---11 - - - - - - C> Output 4 

-~ ~~------------~ 
--........... ........... ---------

~ 

-------------
Adr 82 

---------
~ - - - - - - [> Output 82 

Adr 83 Adr 83 - - - - - - C> Output 83 

Adr 84 Adr 84 - - - - - - C> Output 84 

Adr 85 Adr 85 ______ c> Output 85 

Adr 86 Adr 86 - - - - - - C> Output 86 

Adr 87 Adr 87 - - - - - - C> Output 87 

FIGURE 4-2 ARRAY #1 ORGANIZATION 

LC 
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FIGURE 4·3 TYPICAL GATE· ARRAY #1 
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The purpose of Array #1 is to perform a selection function. When the inputs to Array #1 match one 

(or more) of the word values (addresses) the output associated with that word is asserted. This array 
is programmed with 6 hexidecimal digits as shown in Figure 4-4. Transistors are placed in the array 
for 1 bits in the data specification. To program a group of addresses the bits of the address to be 

left out are specified as (/) bits for the true and complement address inputs. This produces a 'DON'T 

CARE' effect for those bits and the result will always be a match. This lets the user match on mo

dulo address. 

The R N I I ine serves to inhibit the output of array # 1. The reason tor this is described later. 

o LC ADDRESS 1 01 LC ADDRESS 
23 22 1 2 11 10 0 

Example: 

Address = X' 5F8' 

Array #1 Data Word = X' 5F820T 

FIGURE 4·4 ARRAY #1 DATA SPECIFICATION 

4.2.3 AR RAY #2 

Array #2 is an ORed array whose outputs are negated. The array has 89 inputs, 88 from Array #1 and one 
from MIB17, the RNI line. The seven outputs from Array #2 represent a translation state code and be
come inputs into array #3. 

Figure 4-5 illustrates the orgainzation of Array #2. Figure 4-6 illustrates in some detail, the concep
tual structure of the gate and interconnect structure of Array #2. The small circles present where 
the lines would normally cross represent connections that can or cannot be made. It is via the making 
or not making of the connections with transistors that this array is programmed. 
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FIGURE 4·5 ARRAY #2 ORGANIZATION 
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ARRAY #2 GATE AND INTERCONNECT STURCTURE 

Array #2 is driven by the inputs from Array # 1. When one or more outputs of Array # 1 are asserted, 

Array #2 will make the corresponding word available as its outputs. 

The purpose of Arrays #1 and #2 is to provide a mapping between the present value of the Location 

Counter and a preselected set of translation state codes. 
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Due to electrical considerations, there are restrictions placed on the configuration of Array #2. Nor

mally this array is programmed in a 4 of 7 code (4 of 7 outputs may be selected to be high, the other 3 

must be low), or more ideally, to reduce capacitive loading, a 5 of 7 code. The tables below describe 

the various state code outputs available in both the 4 of 7 and the 5 of 7 schemes. 

0F 20 3C 56 69 
1F 30 58 68 75 

17 2E 47 59 6A 
2F 3E 50 60 76 

18 33 48 5A 6C 
37 4F 5E 6E 79 

10 35 40 5C 71 
38 57 67 73 7A 

1E 36 4E 63 72 
7C 

27 39 53 65 74 

28 3A 55 66 78 

Table 4-1 Translation State Code Outputs -- 4 of 7 Table 4-2 Translation State Code Outputs -- 5 of 7 

The outputs of Array #2 represent some of the inputs to Array #3. 

The RN I line (M I B 17) deserves mention at th is point. I t is the purpose of the RN I Ii ne to force a 
particular user defined state code from the mapping represented by Arrays #1 and #2. This state code 

will be independent of the contents of the Location Counter. 

Accordingly, RNI inhibits the outputs of Array #1 and invokes that state code selected by the user 

in Array #2 and makes it present at the output of Array #2. 

The programming of Array #2 is illustrated in Figure 4-7 below. Transistors are put in the arrays for 
zero bits as per the data specifications. 

o 
7 6 

Translation 
Code 

Example: 

o 
x' 56' 

FIGURE 4-7 DATA SPECIFICATION 
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4.2.4 AR RAY #3 

Word a 
Word 1 

Word 2 

Word 3 

• 
• 
• 

Word 14 

Word 15 

Array #3 consists of 100 active low input AND gates, and has 42 inputs. In contrast to Arrays #1 and #2, the 

inputs come from a variety of sources. The inputs to this array constitute a direct interface to the real world at the 

macromachine level, as one of the inputs is the translation register. The inputs to Array #3 are: 

Seven from Array #2. {Translation Code} 

Sixteen from the Translation register. Eight are true data and eight are complemented data. 
Fourteen inputs from the interrupt latches. Again, both true and complemented data are pre
sent. 

Two from the translation state register. Again, both true and complemented data are used. 
One input, called the Q signal, not generally usable. 

It is worth noting, that, while there are 42 inputs in Array #3, they are not all present at the same time. 
The array is broken into two partitions. The first partition consists of words 0 through 15, and has 
as its inputs, the 14 bits from the interrupt latches. The second partition of the array, words 16 through 
99 have, in these same slots, the 16 bits of inputs from the Translation Register. 

The Figure 4-8 illustrates the structure of the first partition of the array. Figure4-9 illustrates the se

cond partition of the array. Figure 4-10 shows a conceptual picture of a typical gate in the array. 
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FIGURE 4-8 ARRAY #3 INTERRUPT ORGANIZATION 

4-6 

: 

Output a 
Output 1 

Output 2 

• 
• 
• 

Output 13 

Output 14 

Output 15 



\Ah," 16 

Word 17 

Word 18 

\Nord 19 

• 
• 
• 

Word 98 

Word 99 

T rallsl at iOIl 

Stdte 
Register 

-----.~ 

7 - 7 

( ) ( :> 

TSR TSR Q 

\ 

( ( 

Array #2 
Outputs 

( 

Arrav # 2 Outouts 

\ 

( 

\ 

) ( 

T ranslat Ion Reqi ster 

• 
• 
• 

Translation 
Register 

7 \ 

I ( 

\l \l 7 

:, <: 

Translation Reqister 

FIGURE 4-9 ARRAY #3 TRANSLATION REGISTER ORGANIZATION 

TSR 

TSR 

Q 

Translation 

Code 

Outpu1S 

Interrupt 

Latches 

Translation 

Register 

Interrupt 

Latches 

or 

Translation 

Register 

Output to 

Array 4 

FIGURE 4-10 TYPICAL GATE OF ARRAY #3 

4-7 

7 

Output 16 

"t> Output 17 

v Output 18 

• 
• 
• 



Array *;3, being an ANDed array, will try to match the configuration of its inputs against one of the 
words that make up the array. If it finds a match, the output associated with that word will be asserted. 

Array #3 is programmed with true data as eight hexadecimal digits. DON'T CAREs, which always 
result in matches, are created by placing both true and complemented bits to zero. Below is a data 
specification for the programm ing of Array #3. 

AND Gates 
0- 15: 

INTERRUPTS ~I N~T~E::-:R::-:R::-:U~P~T~S~J 
14 8 6 0 

AND Gates 
16-99: TSR TSR 0 0 0 Q 0 TRANSLATION 

4.2.5 

31 3029 2827 24 23 22 16 15 8 7 

NOTE: Q= ((TR14 ·TR13· TR12) + (TR14- TR13 'TR12)) 

ARRAY #4 

Array #4 is a NORed array with 100 inputs which come from Array #3. The outputs generated by 
Array #4 include address data to be fed into the L.ocation Counter, data to be fed into the Trans
lation State Register, and three control lines. Two control lines determine whether the L.ocation 

Counter will be loaded from the Return Register or the output of the translation array. The third 
control line determines whether or not the value presented to the Translation State Register will in 

fact be loaded into the Translation State Register. Figure 4-11 illustrates the orgainzation of this ar
ray. Note that not all the outputs are complemented. The two control signals L. RA and L. T A are true 
data. 
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Array #4 will determine if any of its inputs are active. If they are, the word associated with the ac

tive input is placed on the output lines. 

The array is programmed into terms of true data. Five hexadecimal digits are used to program each 
word.Transistors are placed in the array for 1 bits in the data specification. More than one active 

AND gate in Array 3 causes the outputs to OR. 

L 
L L T 

0 R T S 0 TRANSLATION ADDRESS 
A A R 

19 18 17 16 15141211 o 

4.2.6 TRANSLATION STATE REGISTER 

The Translation State Register serves two functions. One is to determine whether the Hi or the Lo 
order byte of the Translation Register is to be selected for input to Array #3; The other is to provide 
a four state feedback as an input of Array #3. The loading of the Translation State Register is control

led by an output (L TSR) of Array #4. 

4.2.7 TRANSLATION REGISTER 

The Translation Registerholds the data presently serving as input to the Programmable Translation 

Array. It receives its inputs from the Micro I nstruction Bus (M I BOO - M I B 15) as a result of an L TR or 

IW instruction. Because of the fact that its output destination is 8 bits wide, only half of the Trans
lation Register can be examined at anyone time. The Translation State Register controls which half 

of the Translation Register is gated into the input of Array #3, its destination. It serves as a feedback 

term of information to the second half of the word. 

Bit 2 of the TSR controls the selection of translation input from the TR. When this bit is a zero the 
upper byte of the TR is selected; when it is a one the lower byte is selected. TSR2 does not serve 

as an input to Array #3. 

4.3 PROGRAMMABLE TRANSLATION ARRAY OPERATIONS 

This section describes the operation of the Programmable Translation Array. The operation is based 
on the description of the components in the preceeding section that make up the Programmable 

Translation Array. The Programmable Translation Array operates as a loop. The beginning and end 
points of the loop can be considered as the Location Counter. 

This loop is completed within one machine cycle. It is helpful to remember that the main compo
nents of the loop are 

The Location Counter 
Arrays #1 and #2, which taken together perform a mapping of the Location Counter to a 

translation code. 
The translation register, which holds the macroinstruction undergoing the translation process. 
Arrays #3 and #4, which take the translation code and the macroinstruction presently under

going translation and map them into an address. 

This newly generated address can then point to the beginning of a macroroutine to interpret the macro
instruction presently accessed. 

The following description can be best followed by reference to the attached diagrams which depict 

the flow of data in the Programmable Translation Array as a function of phase time clocks. 

The operation of the Programmable Translation Array begins at 0 1. During 01 the location counter 
is loaded with its new value. The new value can come from anyone of four sources. They are: 

From Array #4 of the Programmable Translation Array 
From the M I register 

From the incrementer 

From the Return Register 
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Figure 4-12 assumes, for the purposes of instruction, that the Location Counter is loaded from the 
incrementer. Concurrently, with the loading of the Location Counter at (/J 1, the Translation Register 

is also being loaded if either a L TR or an IW instruction was executed. 
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At the beginning of 02, (See Figure 4-13) the contents of the Location Counter are clocked out to 
the M I B bus (M I BOO - 10) and to Array # 1. Both the true and complemented forms of the Location 

Counter are input to Array # 1. Also input is the RN I I ine. Array # 1 takes the input data word and de

termines whether or not it has a match. If it has a match, then the appropriate output is set at the 
end 0 f (/)2. I f there is no match, the translation proceeds no farther because no outputs are set. 
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At the beginning of 03, (See Figure 4-14), Array #2 samples the outputs from Array # 1 and d'"ter
mines whether any are active. If there is a match, then the translation code is generated and fed to 

Array #3, also during 03. 
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During 03, the contents of the selected byte of the Translation Register are fed to Array #3 along 

with the contents of the interrupt register, the Translation State Register, and the Q bit. During the 

later portions of 03, Array #3 determines if there is a match and, if a match is found, at the end of 
03 an output is generated. 

This output is fed into Array #4 at the beginning of 0 4. (See Figure 4-15). During 04, Array #4 de

termines whether there is an active input to it. If there is an active input, the contents of the word 

associated with the input are sent out at the end of 04. The Array #4 word mayor may not cau~e 
the Translation State Register to be loaded, and mayor may not cause the Location Counter to be 
loaded at the next occurance of 0 1. 

01 

ARRAY 
#1 

LRR 

ARRAY 
#3 

I I I 

~ 

ARRAY 
#2 

RNI 
I~ I~ 

MIBI!i0 ~ 10 

TRANSLATION CODE 

01 

01 

MI 

~ 
G 
G 
CD 

~ 

(15) 

-- } RESET 
COMPUTE 

RPLY 
BUSY 
SYNC 
DIN 
DOUT 
WB 
lACK 

MASTER CONTROL 
02 and 03 

FIGURE 4-15 
~4 DATA FLOW 

4-13 

WAIT 



SECTION V 

MICRO INSTRUCTIONS 

5.1 INSTRUCTION REPERTOIRE 

This section contains descriptions of the microinstructions. With each description is a diagram showing 

the format of the instruction and its operation code, given in hexadecimal. Above each diagram is the 

instruction mnemonic operation code, the argument needed by the assembler, and the name of the instruction. 

Under each diagram is a description of the command and its timing in clock cycles. It should be noted that 
the descriptions of the instructions are rather perfunctory. For a more thorough description of the instructions 

from a programmer's standpoint, the user is invited to review the MCP1600 MICRO PROGRAMMER's MANUAL. 

The purpose of this section then is to outline the structure of the instruction set as an aid to under

standing the events on the two processor busses. 

While the formats presented here describe 16 bits of the instruction word, be aware that the word is, 

in fact, 22 bits wide. The portion of the instruction described here control the operation of the 

processor. The other 6 bits are: 

bits 16 and 17 are involved with control of the Location Counter. Bit 16 determines whether 

or not the contents of the Return Register will be loaded into the Location Counter. Bit 17 
determines whether or not a Read Next Instruction translation will be invoked. 

These two options are available on all instructions. 

bits 18 through 21 have nothing to do with control of the MCP1600 system. They are 
available for the user to program as TTL levels. These bits are available on all instructions. 

5.2 INSTRUCTION TYPES 

All of the MCP1600 microinstructions are 22 bits long. Of the 22 bits, the 16 least significant effect 
the operation of the CPU. The purposes of the other 6 bits are covered in either the Programmed 

Translation Array description or the Micro I nstruction Bus description. 

The instructions for the MCP1600 are divided into four classes as follows: 

JUMP FORMAT 

OP I R I Address 

15 121110 0 

This format provides an 11-bit Control ROM address. It causes an unconditional jump to any location in 
the permissable MICROM address space by always asserting the jump control line (JXX on the Data Chip 

or MIB 15 on the Micro Instruction Bus). The unconditional jump instruction is the only one that 

utilizes this format. 

Unconditional jump instructions always take two clock cycles; one to decode the instruction, the second 

to load the Location Counter on the Control Chip. 

A special case of this format is the Return From Subroutine instruction, covered later. 

CONDITIONAL JUMP FORMAT 

OP C ADDRESS 

15 12 11 8 7 o 

This format provides a Jump address within a page. This instruction is substantially the same as the 
Unconditional Jump format, with exception of the reduced address space. Itis also a two cycle 
instruction, with the jump decision (based upon the contents of the C Field) being made by the jump 
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decodc; logic on the Delta Chip during the first cycle. This decision is communicated to the Control 

Chip via MI815 (.JXX on the Data Chip). During the second cycle the jump is affected. 

LITERAL FORMAT 

Literal a 

11=) 1211 43 o 

Till, TUlll1dt provides 8-bit literal data. The "a" field usually specifies a I ile register. These instructions 

II '" the 'literal path' to fetch data around the register file for the 'b' input to the ALU. All of 

[lkS(1 !lhtrllctlOI1S execute in one clock cycle. 

RH~!SnR FORMAT 

~ ________ ~ ___ b ______ -L _____ a ____ ~ 
15 8 7 43 o 

This furtll;.]t !:, by far Hw predominant one. In it, 'b' and 'a' are register file designators. Generally, 

d f 'pendln9 [JpOf) the operation, there can be two meanings to the register designators: 
.. 

'b' (operation) 'a' 

as, iOl irlstance, in a shift or move instruction 

'b' (operation) 'a' 'a' 

as, for installce, in an arithmetic instructioll. 

'b' and 'a' can specify either a single byte data quantum or a word (double byte) data quantum. In 

thiS latter case, the designators usually point to the even addressed member of a register pair. While 

they rnay both point to an odd addressed pair, note carefully the instructions description for the effect. 

I f the designators apply to a word data quantum, the instruction takes two cycles to execute. The 

following sections describe MCP1600 instructions by classes of function. 

5.3 MCP 1600 MICRO·INSTRUCTION SET 

The following rnicro-instructions are contained in the MCP 1600. The symbology used is listed in 
the table below. 

Symbols 

-.. 
( ) 

/\ 

V 

.v-
Rx Ry 

Ril 

Rb 

Flag SeW ng 

X 

(1) 

Meaning 

is transferred to 

contents of location or register 

Logic Product (AN D) 

Inclusive "or" 

Exclusive "or" 

Forms extended register Ry = LSB, Rx = MSB 

The register specified by the micro-instruction "a" field 

The register specified by the micro-instruction "b" field 

Designates no category 

Don't care condition 

Flag cleared (set to 0) 

Flag set 

Flag not affected 

Set according to function (see flag description in Section 5.3.2) 
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5.3.1 TABLE OF MICRO-INSTRUCTIONS 

Instruction OP Code Mnemonic Microcycles Description of Operation 

Jump 0(0) JMP 2 (MI R10-00)·(LC) Jump unconditionally 
to microm location specified by MI R10-00 

Return from Subroutine 0(1) RFS 2 (R R ).( LC) Restore return address 
from subroutines 

Jump if lB False 10 J~BF 2 If ZS =0, (MIR 07-00HLC7-0) jump 
conditionally within microm page 

Jump if -rB True 11 HBT 2 If-rB=l, (MIR07-00)·(LC7-0) 
Jump if C8 False 12 JC8F 2 If C8=0, (MI R07-(0).(LC7-0) 
Jump if C8 True 13 JC8T 2 If C8=1, (M I R07-(0)·( LC7 -0) 
Jump if I CS False 14 JIF 2 If ICS=0, (MIRQl7-00)·(LC7-0) 
Jump if ICS True 15 JIT 2 If ICS=l, (MI R07-(0)·(LC7-0) 
Jump if NB False 16 JNBF 2 If NB=Ql, (MIR07-00).(LC7-0) 
Jump if NB True 17 JNBT 2 If N B-1, (M I R07 -(0).( LC7 -0) 
Jump if -r False 18 J~F 2 If ~=Ql, (MI R07-00)·(LC7-0) 
Jump if -r True 19 HT 2 If ~=1, (MI R07-00HLC7-0) 
Jump if C False 1A JCF 2 If C=Ql, (MIR07-00)·(LC7-0) 
Jump if C True 1B JCT 2 If C=l, (MIR07-00)·(LC7-0) 
Jump if V False 1C JVF 2 If V=Ql, (MI R07-(0)·(LC7-0) 
Jump if V True 10 JVT 2 If V=l, (MI R07-(0)·(LC7-0) 
Jump if N False 1E JNF 2 If N=Ql, (MIR07-00)·(LC7-0) 
Jump if N True 1F JNT 2 If N=l, (MIR07-00)·(LC7-0) 
Add Literal 2 AL (Ra)+Literal·Ra the 8 bit constant 

is added to Ra 
Compare Literal 3 CL (Ra)-Literal. The 8 bit result of the 

I iteral is compared against Ra and 
the approprate flags set. 

And Literal 4 NL (Ra)/\ Literal·(Ra) The 8 bit result 
of a logical product of Ra and the 
literal are coded into Ra. 

Test Literal 5 TL (Ra) /\ Literal The 8 bit result of the 
logical product of Ra and the literal 
set condition Flags. The contents of 
Ra are unaffected. 

Load Literal 6 LL Literal.(Ra). The 8 bit literal is 
loaded into Ra. 

Reset Interrupts 70 RI The three software interrupts 14, 15, and 
16 are reset as indicated in the instruction's 
b field. 

Set Interrupts 71 SI The three software interrupts 14, 15, and 16 
are set as indicated in the instruction's 
b field. 

Copy Condition Flags 72 CCF FlagS+(Ra) The four condition flags and 
four ALU status flags are loaded in Ra 

Load Condition Flags 73 LCF (Ra).Flags. The contents of Ra are 
transferred to the AL U status flags 
unconditionally and to the condition flags 
under control of the b field. 

Reset TSR 74 RTSR 0.(TSR). The three TSR bits in the 
control chip are reset. 

Load GLow 75 LGL (Ra) 2-0 .(G). The three least significant 
bits of Ra are loaded into the G register. 

Conditionally Increment 76 CIB If C8 is set, (Ra)+1 -(Ra) 
Byte 
Conditionally Decrement 77 COB If C8 is set, (Ra)-I - (Ra) 
Byte 
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Instruction OP Code Mnemonic Microcycles Description of Operation 

Move Byte 80/81 MB (Rb)+(Ra). The 8 bit contents of Rb 
are transferred to Ra. Rb is unaffected. 

Move Word 82/83 MW 2 (Rb)+(Ra). The 16 bit contents ofRb+l: Rb 
are transferred to Ra+1: Ra. Rb+1 and Rb 
are unaffected. 

Conditionally Move Byte 84/85 CMB (Rb)+( Ra), if C=I. The 8 bit contents of 
Rb are transferred to Ra if the carry flag 
is set from a previous operation. 

Conditionally Move Word 86/87 CMW 2 (Rb)+(Ra), if C=I. The 16 bit contents of 
Rb+l: Rb are transferred into Ra+l: Ra if 
the carry flag is set from a previous operation. 

Shift Left Byte with Carry 88/89 SLBC (Rbm)+(Ram+I), (carry) +(Ra<,6). The 8 
bit contents of Rb are shifted left one bit 
and loaded into Ra. The contents of the 
carry flag is inserted into the vacated low 
position of Ra. 

Shift Left Word with Carry 8A/8B SLWC 2 (Rbm)+(Ram+I), (carry)+(Ra<,6). The 16 
bit contents of Rb+l: Rb are shifted left 
one bit and loaded into Ra+l: Ra. The 
contents of the carry flag is inserted into 
the vacated low position of Ra. 

Shift Left Byte 8C/80 SLB (Rbm)+(Ram+l) The 8 bit contents of 
Rb are shifted left one bit and loaded 
into Ra. 

I ncrement Byte by 1 90/91 ICBI (Rb)+I+(Ra). The 8 bit contents of Rb are 
incremented by one and the result is 
transferred to Ra. 

, I ncrement Word by 1 92/93 ICWI 2 (Rb)+I+(Ra). The 16 bit contents of Rb+I:Rb 
are incremented by one and the result 
transferred to Ra+l: Ra. 

I ncrement Byte by 2 94/95 ICB2 (Rb)+2+(Ra). The 8 bit contents of Rb are 
incremented by two and the result 
transferred to R a. 

I ncrement Word by 2 96/97 ICW2 2 (Rb)+2+(Ra). The 16 bit contents of 
Rb+l: Rb are incremented by two and the 
result transferred to Ra+ I: Ra. 

Twos Complement Byte 98/99 TCB (Rb)+I+Ra. The 8 bit contents of Rb are 
two's complemented and transferred to Ra. 

Twos Complement Word 9A/9B TCW 2 (Rb)+I+Ra. The 16 bit contents of Rb+1 
Rb are two's complemented and transferred 
to Ra+l: Ra. 

Ones Complement Byte 9C/90 OCB (Rb )+Ra. The 8 bi t contents of Rb are one's 
complemented and transferred to Ra. 

One's Complement Word 9E/9F OCW 2 (Rb)+Ra. The 16 bit contents of Rb+l: Rb 
are one's complemented and transferred to 
Ra+l: Ra. 

Add Byte A0/AI AB (Rb)+(Ra)+(Ra). The 8 bit contents of Rb 
are added to Ra and loaded into Ra. 

Add Word A2/A3 AW 2 (Rb)+(Ra)+(Ra). The 16 bit contents of 
Rb+l: Rb are added to Ra+l: Ra and loaded 
into Ra+l: Ra. 

Conditionally Add Byte A4/A5 CAB (Rb)+(Ra)+(Ra), if C=I. The 8 bit contents 
of Rb are added to Ra and the result is 
transferred to Ra if the carry flag is set 
from a previous operation. 

Conditionally Add Word A6/A7 CAW 2 (Rb)+( Ra)+( Ra), if C=I. The 16 bit contents 
of Rb+1:Rb are added to Ra+I:Ra and 
the result is transferred to Ra+l; Ra if 
the carry flag is set from a previous 
operation. 

Add Byte with Carry A8/A9 ABC (Rb)+(Ra)+C+(Ra). The 8 bit sum of the 
contents of Rb plus the carry flag are added 
to Ra and the result is transferred to Ra. 
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Instruction OP Code Mnemonic Microcycles Description of Operation 

Add Word with Carry AA/AB AWC 2 (Rb)+(Ra)+C.(Ral. The 16 bit sum of the 
contents of Rb+1: Rb plus the carry flag are 
added to Ra+1: Ra and the result is transferred 
to Ra+1: Ra. 

Conditionally Add Digits AC CI.\D (Rb)3-o+(Ra)3-o·(Ra)3-o, if C4=0 
(Rb)74+(Ra)7-o·(Ra)7-4, if C8=0 
The 4 least significant and/or 4 most significant 
bits of Rb are added to their corresponding 
bits in Ra if C4 or C8 are reset respectively 
from a previous operation. This allows for 
decimal arithmetic corrections. 

Conditionally Add Word AE/AF CAWI 2 (Rb)+(Ra).(Ra), if ICS=I. The 16 bit 
on I ndirect Condition Status contents of Rb+l: Rb are added to Ra+l: 

Ra and the results transferred to Ra+I:Ra 
if the I CS code is set from a prior operation. 
This instruction allows address displacement 
addition on Branch conditions. 

Subtract Byte BQ1/BI SB (Ra)-( RbH Ra). The 8 bit contents of Rb 
are subtracted from Ra and the result 
loaded into Ra. 

Subtract Word B2/B3 SW 2 (Ra)-( Rb).( Ral. The 16 bit contents of 
Rb+l: Rb are subtracted from Ra+l: Ra and 
the results loaded into Ra+l: Ra. 

Compare Byte B4/B5 cra (Ra)-(Rbl. The 8 bit difference between 
the contents of Ra and Rb is used to set 
the status flags at all times and the 
condition flags if OP code B5 is selected 
Registers Ra and Rb are not changed. 

Compare Word B6/B7 CW 2 (Ra)-(Rb). The 16 bit difference between 
the contents of Ra+l: Ra and Rb+l: Rb are 
used to set the status flags at all times 
and the condition flags if OP Code B7 is 
selected. Registers Ra+l: Ra and Rb+l: Rb 
are not changed. 

Subtract Byte with Carry B8/B9 SBC (Ra)-(Rb)-C.(Ra). The difference of the 
8 bit contents of Rb subtracted from Ra 
minus the contents of C flag is loaded 
into Ra. 

Subtract Word with Carry BA/BB SWC 2 (Ra)-Rb)-C.(Ral. The difference of the 16 
bit contents of Rb+l: Rb subtracted 
from Ra+l: Ra minus the contents of 
the C flag is loaded into Ra+l: Ra. 

Decrement Byte by I BC/BD OBI (Rb)-l.Ra. The 8 bit contents of Rb 
minus one are loaded into Ra. 

Decrement Word by I BE/BF OWl 2 (Rb)-I.Ra. The 16 bit contents of Rb+l: 
Rb minus one are loaded into Ra+l: Ra. 

And Byte CQ1/CI NB (Rb)/\(Ra).(Ral. The 8 bit logical product 
of Rb and Ra is loaded into Ra. 

And Word C2/C3 NW 2 (Rb)/\(RaHRa). The 16 bit logical 
product of Rb+l: Rb and Ra+l: Ra is loaded 
into Ra+l: Ra. 

Test Byte C4/C5 TB (Rb)/\ (RaJ. The 8 bit logical product of 
Rb and Ra sets the status flags at all 
times and the condition flags if OP code 
C5 is selected. Ra and Rb are unchanged. 

Test Word C6/C7 TW 2 (Rb)/\(Ra). The 16 bit logical product of 
Rb+l: Rb and Ra+l: Ra sets the status 
flags at all times and the condition flags 
if OP code C7 is selected. Ra and Rb 
are unchanged. 

Or Byte C8/C9 OB (Rb)V(Ra).(Ra). The 8 bit logical OR 
operation is performed between the con-
tents of Ra and Rb and the result are 
transferred to Ra. 
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Instruction OP Code Mnemonie Microcycles Description of bperation 

Or Word CA/CB OW 2 (Rb)V(RaHRa). The 16 bit logical 
OR operation is performed between 
the contents of Ra+l: REJ and Rb+l: Rb 
and the results are transferred to 
Ra+1 :Ra. 

Exclusive-Or Byte CC/CD XB (Rb)¥(Ra)+Ra. The 8 bit logical exclu-
sive 0 R operation is performed between 
the contents of Rb and Ra and the result 
is transferred to Ra. 

Exclusive-Or Word CE/CF XW 2 (Rb)¥( RaHla. The 16 bit logical exclu-
sive OR operation is performed between 
the contents of Rb+l: Rb and Ra+l: Ra 
and the result is transferred to Ra+l: Ra. 

And Complement Byte D0/DI NCB (Rb)I\(Ra)+(Ra). The 8 bit logical pro-
duct of the inverse of Rb and the con-
tents of Ra is loaded into Ra. 

And Complement Word D2/D3 NCW 2 (Rb)I\(RaHRa). The 16 bit logical pro-
duct of the inverse of Rb+l: Rb and the 
contents of Ra+l: Ra is loaded into Ra+l: Ra. 

Shift Right Byte with D8/D9 SRSC (Rbm+IHRam), (carry)-(Ra7). The 8 bit 
Carry contents of Rb are shifted right one bit 

and loaded into Ra. The carry flag is 
inserted into th e high order position of 
Ra. 

Shift Right Word DA/DB SRWC 2 (Rbm+I)+(Ram), (carry)-(Ra15). The 16 
with Carry bit contents of Rb+l: Rb are shifted right 

one bit and loaded into Ra+l: Ra. The carry 
flag is inserted into the high order position 
of Ra+l. 

Shift Right Byte DC/DD SRB 1 (Rbm+I)+(Ram). The 8 bit contents of Rb 
are,shifted right one bit and loaded into Ra. 

Shift Right Word DE/DF SRW 2 (Rbm+I)+(Ram). The 16 bit contents of 
Rb+ I: Rb are· sh ifted right one bit and loaded 
into Ra+l: Ra. 

Input Byte E0/EI IB 1 (min) (DAL)+(Ra). An 8 bit byte on the DAL is 
loaded into the specified Ra. The b field 
in this instruction selects read or read-
modify- Write operation and selects upper 
(Bit 15-8) or lower (Bits 7-0) as the byte 
to be input from the Dal lines. 

Input Word E2/E3 IW 2 (min) (DALHRa). The 16 bit word contained 
on the DAL is loaded into Ra+l: Ra. The 
b field in this instruction selects read or 
read-modify-write operation, selectively 
updates the G register, and selectively sets 
the ICS bit. 

I nput Status Byte E4/E5 ISB (DAL)+(Ra). The 8 bit byte from the DAL 
line, as specified by the b fold is input to 
register Ra, regardless of the state of REPLY' 
or BUSY signal. 

Input Status Word E6/E7 ISW 2 (DAL)+(Ra). The 16 bit word from the 
DAL line is loaded into Ra+l: Ra regardless 
of the state of the REPLY or BUSY signal. 

Modify Instruction EC/ED MI (MIB)V(Rb:Ra). The 16 bit contents of 
registers Rb: Ra are 0 Red with the contents 
of next microm micro-instruction on the 
MIB lines to modify any or all of the next 
micro-instruction. This instruction can be 
used to make on-line changes to micro-
program flow. 
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Instruction OP Code Mnemonic Microcycles Description of Operation 

Load Translation Re~Jister EE IE F LTR 2 (Rb:RaHTR). The 16 bit contents of 
registers Rb: Ra are transferred to the 
Translation Register on the chip. This 
allows a translation of resultant data 
into a micro-instruction. 

Read and Increment F0 RIBI (Rb:Ra}.DAL (Ra}+I.(Ra). The 16 bit 
Byte by I address locdted in Rb: Ra is transferred 

to the DAL lines and a DATA READ 
operation is initiated. The contents of 
Ra are incr('ncented by one. Rb is 
unchanged. 

Write and Increment FI WIBI (Rb: Ra}.DAL, (Ra}+i+(Ra). The 16 bit 
Byte by I address loc?+po in Rb; Ra is transferred 

to the DAL .ines and a DATA WRITE 
operation is initiated. The contents of Ra 
are incremented by one. Rb is unchanged. 

Read and Increment F2 RIWI 2 (Rb: Ra}.DAL, (Ra+l: Ra}+I.( Ra+l: Ra). 
Word by I The 16 bit address located in Rb; Ra is 

transferred to the DAL I ines and a DATA 
READ operation is initiated. The contents 
of Ra+ I: Ra are incremented by one. 

Write and Increment F3 WIWI 2 (Rb: Ra}·DAL, (Ra+l: Ra}+I·( Ra+l: Ra). 
Word by I The 16 bit address located in Rb: Ra is 

transferred to the DAL lines and a DATA 
WRITE operation is initiated. The con-
tents of Ra+l: Ra are incremented by one. 

Read and Increment F4 RIB2 (Rb:Ra}.DAL, (Ra}+2·(Ra). The 16 bit 
Byte by 2 address located in Rb: Ra is transferred to 

the DAL lines and a DATA READ operation 
is initiated. The contents of Ra are incre-
mented by 2. Rb remains unchanged. 

Wr i tf! i1l1(j I ncr (!rrwnt F5 WIB2 (Rb:Ra}.DAL, (Ra}+2·(Ra). The 16 bit 
13y If! hy ') address located in Rb: Ra is transferred 

to the DAL line and a DATA WRITE 
operation is initiated. The contents of 
Ra are incremented by 2. Rb is not changed. 

Read and Increment F6 RIW2 2 (Rb: Ra}.DAL, (Ra+l: Ra}+2·( Ra+1: Ra). 
Word by 2 The 16 bit address located in Rb: Ra is 

transferred to the DAL I ines and a DATA 
READ operation is initiated. The content 
of Ra+l: Ra are incremented by 2. 

Write and Increment F7 WIW2 2 (Rb: Ra}.DAL, (Ra+l: Ra}+2.( Ra+l: Ra). The 
Word by 2 16 bit address located in Rb: Ra is transferred 

to the DAL lines and a DATA WRITE 
operation is initiated. The contents of 
Ra+l: Ra are incremented by 2. 

Read F8 R (Rb: Ra}.DAL. The 16 bit address located 
in Rb: Ra is transferred to the DAL line 
and a DATA READ operati(;m is initiated. 

Write F9 W (Rb: Ra}.DAL. The 16 bit address located 
in Rb: Ra is transferred to the DAL lines 
and a DATA WRITE operation is initiated. 

Read Acknowledge FA RA (Rb:Ra)· DAL, 1.IACK. The 16 bit address 
located in Rb: Ra is transferred to the 
DAL lines and a 'DATA READ operation 
is initiated. The interrupt acknowledge 
line is set high. 

Write Acknowledge FB WA (Rb:Ra}.DAL, 1.IACK. The 16 bit address 
located in Rb: Ra is transferred to the DAL 
lines and a DATA WRITE operation is 
initiated. The Interrupt Acknowledge 
line is set high. . 
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5.3.2 

Instruction 

Output Byte 

Output Word 

Output Status 

No Operation 

OP Code 

FC 

FD 

FE 

FF 

Mnemonic Microcycles Description of Operation 

OB 1 (min.) (Rb:Ra).DAL, 1.DOUT. The 16 bit 
data contents of Rb: Ra are transferred 
to the DAL lines. Registers Ra and Rb 
are unchanged. The DATA OUT signal 
is activated. This instruction is completed 
when the REPLY signal is received 
from the addressed unit. For byte 
operations Rb must equal Ra so that the 
same byte is placed in both 8 bit positions 
on the DAL. 

OW 1 (min.) (Rb:Ra).DAL,1.DOUT. The 16 bit data 
contents of Rb: Ra are transferred to the 
DAL lines. The DATA OUT signal is 
activated. Registers Ra and Rb are 
unchanged. This instruction is complete 
when the REPLY signal is received from 
the addressed unit. 

OS (Rb:Ra)·DAL. The 16 bit contents of 
registers Rb:Ra are transferred to the DAL lines 
and take place regardless of the state 

NOP 

of the REPLY or BUSY signal. DOUT 
is not activated and SYNC is not terminated. 
Registers Rb and Ra are unchanged. 
This instruction causes no operation. 

SUMMARY OF MICRO·INSTRUCTION AND STATUS FLAGS 
ALU Status Flags Condition Flags 

Mnemonic 

A. Jump Format 
JMP 
RFS 

OP Code 

Bit 15-12 II 10-0 
o 0 ADDR 
o 

B. Conditional Jump Format 

J~BF 

J~BT 

JC8F 
Je8T 
JIF 
JIT 
JNBF 
JNBT 
J~F 

J~T 

JCF 
JCT 
JVF 
JVT 
JNF 
JNT 

C. Literal Format 

AL 
CL 
NL 

TL 
LL 

Bit 15-12 11-8 7-0 
I 0 ADDR 

1 ADDR 
2 ADDR 
3 ADDR 
4 ADDR 
5 ADDR 
6 ADDR 
7 ADDR 
8 ADDR 
9 ADDR 
A ADDR 
B ADDR 
C ADDR 
o ADDR 
E AD DR 
F ADDR 

Bit 15-12 11-4 3-0 
2 Lit 
3 
4 

5 
6 

Lit 
Lit 

Lit 
Lit 

a 
a 
a 
a 
a 

5-8 

Microcycles 

2 
2 

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

NB ZB C4 C8 N ~ V C 

* * * * 
* * 
* * 
* * 
* * 



Mnemonic 

D. Register Format 

RI 

SI 
CCF 
LCF 
RTSR 

LGL 
CIB 
COB 
MB 
MW 

CMB 
CMW 

SLBC 
SLWC 
SLB 
SLW 
ICB1 

ICW1 

ICB2 

ICW2 
TCB 
TCW 
OCB 

OCW 
AB 
AW 
CAB 
CAW 
ABC 
AWC 
CAD 
CAWI 
SB 
SW 

CB 
SW 

SBC 
SWC 
OBI 
OWl 

NB 
NW 
TB 
TW 
ORB 
ORW 

XB 
XW 

OP Code 

Bit 15·8 

70 
71 
72 
73 
74 
75 
76 
77 

80/81 
82/83 
84/85 
86/87 
88/89 
8A/8B 
8C/8D 
8E/8F 
90/91 
92/93 
94/95 
96/97 
98/99 
9A/9B 
9C/90 
9E/9F 
A0/A1 
A2/A3 
A4/A5 
A6/A7 
A8/A9 
AA/AB 
AC 
AE/AF 
Bf/JIB1 
B2/B3 
B4/B5 
B6/B7 
B8/B9 
BA/BB 
BClBO 
BE/BF 
Cf/JICI 
C2/C3 

C4/C5 
C6/C7 
C8/C9 
CA/CB 
CC/CO 
CE/CF 

7-4 3-0 

b x 

b x 

x a 
b a 
x 

x 
x 
x 

b 
b 
b 
b 
b 
b 
b 
b 
b 
b 
b 
b 
b 
b 
b 
b 
b 
b 
b 
b 
b 

b 
b 
b 
b 
b 
b 
b 
b 
b 
b 
b 
b 
b 
b 
b 
b 
b 
b 
b 

x 

a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 

Microcycles 

1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
1 
2 

2 
1 
2 

2 
1 
2 
1 
2 
1. 
2 
1 
2 

2 

2 
1 
2 

2 

ALU Status Flags 

NB ZB C4 C8 

* 
* 
* 
* 

(* 
(* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 

(* 
(* 
* 
* 
* 

(* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 

* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 

* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 

* 
* 

* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
o 
o 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 

* 
* 

* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
o 
o 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 

* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 

Conditon Flags 

* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 

o 
o 
o 
o 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
o 
a 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
a 
a 
a 
a 
a 
a 
a 
a 

-).C 

-LC 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 

* 
* 
*).C 
*).C 

* 
* 
* 
*).ICS 

* 
* 
* 
* 
* 
* 
* 
* 



ALU Status Flags Condition Flags 

Mnemonic OP Code Microcyc/es NB ZB C4 C8 N ~ V C - - - -
D. Register Format Bit 15-8 7-4 3-0 

NCB 00/01 b a * * * * 0 

NCW 02/03 b a 2 * * * * a 
SRBC 08/09 b a 1 * * 0 * * * a * 
SRWC OA/OB b a 2 * * 0 * ** * a * 
SRB DC/DO b a 1 * * 0 * * * 0 * 
SRW OE/DF b a 2 * * 0 * * * 0 * 
IB E0/E1 b a 1 * * * * 0 
IW E2/E3 b a 2 * * * * 0 

ISB E4/E5 b a * * * * 0 

ISW E6/E7 x a 2 * * * * 0 
MI EC/EO b a 1 

LTR EE/EF b a 2 
RIB1 F0 b a * * * * 
WIB1 F1 b a 1 * * * * 
RIW1 F2 b a 2 * * * 
WIW1 F3 b a 2 * * * * 
RIB2 F4 b a * * * * 
WIB2 F5 b a 1 * * * * 
RIW2 F6 b a 2 * * * * 
WIW2 F7 b a 2 * * * * 
R F8 b a 
W F9 b a 
RA FA b a 
WA FB b a 
OB FC b a 
OW FO b a 
OS FE b a 
NOP FF x x 
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SECTION VI 

MICROINSTRUCTION BUS OPERATION 

6.1 GENERAL 

The Microinstruction Bus is responsible for interconnecting the three different circuits that make up a 
MCP1600 Microprocessor system. Connected to the Microinstruction Bus can be one CP1611 B Data Chip, 
one CP1621 B Control Chip, and as many as four CP1631 B Microinstruction ROM Chips. There may also 
be user supplied TTL logic connected to the Microinstruction Bus in a fashion to be defined below. 

The discussion below describes the 22 different lines on the Microinstruction Bus from the standpoint of 
each of the various types of devices attached to it and from the standpoint of user attached devices. 
Figure 6-1 illustrates the system interconnections. 

6.2 MICROINSTRUCTION BUS OPERATION 

The Microinstruction Bus consists of 22 lines. These lines are precharged by each of the microinstruction 
ROMs attached to the bus. Most generally, the lines are precharged high during 04 but MIB15 is precharged 
high during 03 and M I B 16 is charged high during both 02 and 04. The microinstruction bus conveys its 
information by conditional discharge at the appropriate phase times. The microinstruction bus is an MOS 
compatible 4 phase bidirectional bus and data on the bus is in logical complement form. 

The tab Ie on the next page (6-1 ) defi nes the mean ing of each of the lines on the bus at each phase ti me on 
the bus. Note that some lines have more than one meaning, depending upon the phase time. 
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FIGURE 6-1. SYSTEM INTERCONNECTIONS 
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TABLE 6-1. MICROBUS TIMING 

01 02 03 04 

MIBOO-MIB10 - Microinstruction from ROM - Address Data - Address must - Precharge 
to Data Chip and Control to MICROM remain valid by MICROM 

- Second Cycle of 2-Cycle 
Instruction: Data from , 

Data Chip to Control Chip. 

MIB11-MIB14 - Microinstruction from ROM - Precharge 
to Data Chip and Control by MICROM 
Chip 

- Second Cycle of 2-Cycle 
Instruction: Datafrom 
Data Chip to Control Chip. 

MIB15 - Microinstruction from ROM - Precharge - Conditional 
to Data Chip and Control by MICROM Jump Results 
Chip. 

- Second Cycle of 2-Cycle 
Instruction: Data from 
Data Chip to Control Chip. 

MIB16 - Load Return Register - Precharge - Disable - Precharge 
by MICROM. MICROM by MICROM 

outputs at 
next 01 

MIB17 - RNI - Precharge 
by MICROM 

MIB18-MIB21 - TTL Outputs Valid - Precharge 
by MICROM 

6.3 MICROINSTRUCTION BUS ELEMENT DESCRIPTION 

The Microinstruction Bus is divided into seven partitions. These partitions can carry data in both directions. 
They assume different meanings at different points in the clock cycle of the processor set. This section 
will describe each element and its meaning as a function of the phase time in each clock cycle. 

6.3.1 MIBOO-MIB10 

These lines serve to carry data bidirectionally between microinstruction ROMs and the Data and Control 
Chips. They are unconditionally precharged Hi at 04 by the MICROMS attached to the bus. At the follow
ing 01 they may have two different meanings, depending upon whether the Microinstruction presently 
being executed is a one cycle or a two cycle instruction. 

If the Microinstruction executes one cycle, then the next 01 conveys the next microinstruction from the 
Microinstruction ROM to the Data Chip and Control Chip. If the Microinstruction takes two cycles, the 
second occurrence of 01 may result in data being transferred from the Data Chip to the Control' Chip. 
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At 02, address data is transferred from the Location Counter in the Control Chip to the MICROM. At 03 
the address data remains valid on the bus. The processor cycle is completed by an unconditional precharge 
of these lines by the MICROM at 04. 

6.3.2 MIB11-MIB14 

These lines serve to convey Microinstruction data from the Microinstruction ROM to the Data and Control 
Chips in much the same fashion as the preceeding lines do. These lines are uncon,ditionally precharged Hi 
by the MICROM at 04. At 01 of a single cycle they are conditionally discharged to represent Microinstruc
tion Data from the Microinstruction ROM to the Data Chip and the Control Chip. 

If the preceeding Microinstruction was of the 2-cycle variety, the second occurrence of 01 on these lines 
can carry data from the Data Chip to the Control Chip. These lines have no other significance during 

02 and 03. 

6.3.3 MIB15 

M I B 15 is used to carry Microinstruction data from the ROM to the Data Ch ip and Control Chip and also 
to transfer the results of conditional jump tests from the Data Chip to the Control Chip. 

This line is precharged Hi unconditionally by the Microinstruction ROM at 03. At 04 it can be condition
ally discharged by the results of a conditional jump test. 

At 01 this line conveys the microinstruction data from the ROM to the Data and Control Chip. In the case 
of a micro instruction whose execution takes two CYCles, the second occurrence of 01 may serve to convey 
data from the Data Chip to the Control Chip. The contents of MIB15 are not significant at 02. The 
cycle is comp leted by an unconditional precharge of M I B 15 at 03. 

6.3.4 MIB16 

This control line conveys data from the ROM to the Control and Data Chips and from the Control Chip to 
the Microinstruction ROM. It is unconditionally precharged HI at both 02 and 04. at 01 following 04 
it may conditionally discharge low by the MICROM in which case the signal is interpreted by the Control 
Chip as a command to load the subroutine Return Register with the incremented content of the Location 
Counter. On 02 the lines are unconditionally precharged Hi. At 03, the Control Chip may conditionally 
discharge this line. If it does so, this is an instruction to the selected MICROM (Microinstruction ROM) to disable 
its outputs at the next 01. In this fashion, 2 cycle instructions inhibit the transfer of new microinstructions from 
the MICROM to the Control Chip and the Data Chip. 

6.3.5 MIB17 

MI B 17 has but one purpose. This is to convey the READ NEXT I i\jSTRLJCTlm~ imperative from the 
MICROM to the Control Chip. This line is unconditionally precharged by the MICROMs attached to the 
Microinstruction Bus and cond itionally discharged at 01. A discharge indicates that the R N I imperative 
is required. 

6.3.6 MIB18-MIB21 

These I ines are not part of the Microinstruction Bus, in that they do not transfer data between the M icro
instruction ROM and the Data Chip and the Control Chip. They are TTL level outputs capable of driving 
one TTL load per line. They represent four bits in the Microinstruction word, and are made valid at the 
same time as the other outputs of the MICROM, 01. The lines are unconditionally precharged Hi by the 
MI CROM at 04 and conditionally discharged Low according to the contents of the word, at 01. The user 
may set these outputs in any fashion he chooses. They remain valid in the inclusive interval 01 to 03. 
Figure 6-2 illustrates their timing. 
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6.3.7 WAIT LINE 

CLOCK 
PHASE 
1 

CLOCK 

-IL~~r 
TCW-1 

PHASE -+-----' 
2 

CLOCK 
PHASE 
3 

CLOCK 
PHASE -+--------+-------Ir. 
4 

rTTOl 
r-TPRE 

(MIB18-MIB211 '--------f----- J;-------~T~~T 
VOLT 

CS 

NOTE: TTL OUTPUTS (MIB18-MIB21) ARE UNCONDITIONAll Y DRIVEN HIGH AT 04 AND 
CONDITIONAllY DRIVEN LOW AT 01 THIS CONDITIONAL lOW Will BE VALID 
UNTIL THE NEXT 04. 

FIGURE 6-2. TTL OUTPUT TIMING CP1631B 

The WAIT Line from the Control Chip to the Data Chip establishes whether or not the Data Chip is in the 
R UN or WAIT mode. Whenever the WAIT control line is in the Low state, the Data Chip is in the RUN 

mode and the Microinstruction will be loaded into the MIR register and executed. This line is normally 
Low and must be driven Hi during 04 to cause the Data Chip to enter the WAIT state. It always returns 
to Low when the beginning edge of the 01 clock appears. 

6.4 DATA CHIP 

The CP 1611 B Data Ch ip interacts with a subset of the Microinstruction Bus. Lines M I BOO-M I B 15 are 
present at the Data Chip. They convey Microinstructions from the Microinstruction ROM to the Data Chip 
and they convey data from the Data Ch ip to the Control Chip. M I B 15 also has a use as a control line con
veying the results of conditional jump sets. 

During the first 01 of a two cycle instruction, data is transferred from the microinstruction ROM into the 
MIR register of the Data Chip. The microinstruction bus is not sampled during 02 and 03. At 04 the Data 
Chip may conditionally discharge M I B 15 to indicate the resu Its of a cond itional ju mp test. At the second 
occurrence of 01 of a two cycle instruction, the Data Chip mayor may not transfer data to the Control 
Chip. If the two cycle instruction was of the Jump class or word operation class the Data Chip will not 
transfer data to the Control Chip. If the two cycle instruction was a L TR or IW instruction (with the appro
priate bits in the control field properly set) then the Data Chip will transfer 16 bits of data into the Control 
Chip. This data will be gated into the Translation Register on the Control Chip. 

During the execution of a one cycle microinstruction data is only transferred from the microinstruction 
ROM to the Data Chip. This transfer occurs at 01. Figure 6-3 illustrates the timing of the Microinstruction 
bus interface as seen by the Data Chip. 
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6.5 
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f l-y ---------

M1B15 --,\------------~i-----
(JUMP \ I 
RESPONSE \ I 
AT 041 "- _________ J 

:..I j+!WH 

WAIT ___________________ -'0 T
WLS 

NOTE: SWITCHING TIMES ARE MEASURED AT 10% AND 90% OF SPECIFIED LEVELS, 

FIGURE 6-3. MICROINSTRUCTION BUS TIMING 

CONTROL CHIP 

The CP1621B Control Chip interfaces with MIBOO-MIB17 as the Data bus. Data can come to the Control 
Chip from both the Data Chip and the Microinstruction ROM. From the Microinstruction ROM the Control 
Chip can receive microinstructions into the MI register. There these microinstructions are used to drive 
the Master Control function and are also present in the event that the Microinstruction is of the jump 
variety and a jump is required. Data from the microinstruction ROM also is presented on MIB16, which 
controls whether or not the Return Register will be loaded with the incremented contents of the Location 
Counter. MI B17 from the Microinstruction ROM controls whether or not the RN I translation will be 
invoked. Data from the Data Chip to the Control Chip can be paesed over MIBOO-MIB15 as a result of an 
L TR instruction or an IW instruction. M I B 15 is also used by the Data Chip to send the resu Its to the Control 
Chip's Master Control function informing it of the results of a conditional jump test. 

The Control Chip can generate a WAIT signal which goes to the Data Chip, and causes Data Chip operations 
to be suspended pending the completion of an I/O operation. The Control Chip also generates a signal 
placed on MI B16 which enables or disables the outputs of selected microinstruction ROM. This is used 

during the second cycle of the execution of two cycle instructions to avoid conflicts on the microinstruction 
bus. The timing of the microinstruction bus as seen from the Control Chip is illustrated in Figure 6-4. 

6.6 MICROINSTRUCTION ROM 

The Microinstruction ROM interfaces with all 22 lines of the Microinstruction bus. It receives Microinstruc
tion addresses on M I BOO-M I B 10 from the Location Counter in the Control Chip. I t also receives an 
ENABLE/DISABLE signal on MIB16 from the Control Chip. It sends data on MIBOO-MIB17 to the Control 
Chip and the Data Chip. MIBOO-MIB15 are presented to both the Control Chip and the Data Chip. These 
16 bits comprise microinstruction data for the Data Chip and the Control Chip to interpret. M I B 16 is prop
erly part of the microinstruction and controls whether or not the Return Register will be loaded with the 
incremented contents of the Location Counter. M I B 17, also properly part of the microinstruction, controls 
whether or not the matrix represented by Arrays 1 and 2 will force a user specified State code that will 
cause the 'READ NEXT INSTRUCTIONS' translation to be performed. The interface of the microinstruc
tion ROM to the microinstruction bus is illustrated in Figure 6-5. 
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~--------TCYC----------~ 

NOTES: 1. BUS PRECHARGING IS PERFORMED BY THE CP1631B. 
2. ADDRESS OUTPUT SWITCHING TIME (TMOH AND TMOL) APPLIES TO MiBi\l·MIBle ONLY. 
3. JUMP RESPONSE FROM DATA CHIPCPI611B. 
4. SWITCHING TIMES ARE MEASURED AT 10% AND 90% OF SPECIFIED LEVELS. 

FIGURE 6-4. CONTROL CHIP MICROINSTRUCTION BUS TIMING 
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NOTES: I. MIB LINES EXCEPT MIB151\RE PRECHARGED HIGH AT PHASE 4. 
2. MIB16 IS ALSO PRECHARGED HIGH AT PHASE 2. 
3. MIB16 IS DISCHARGED TO DISABLE THE l\1iBlI8.MIl!15 AND I'ilTiITI!.MIl!21 OUTPUTS 

AT 81 FROM DISCHARGING LOW. 
4. ADDRESS INPUT TRANSISTIONS OCCUR ONLY ON MIBN·MIBI' LINES AND CHIP SELECT. 
5. SWITCHING TIMES ARE MEASURED AT 10% AND 90% OF SPECIFIED LEVELS. 

FIGURE 6-5. MICROINSTRUCTION BUS TIMING CP1631B 
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SECTION VII 

DATA ACCESS 

7.1 GENERAL 

Communicat'ions between the MCP 1600 system and attached peripheral devices or memory is conducted via 
a path called the Data Access Bus. The Data Access Bus consists of 16 data lines (DA LOO-DA L 15), 7 con
trol lines and 4 interrupt lines. The operation of these elements is controlled by the I nput/Output class 
of instructions. 

The Data Access provides a single 16 bit bidirectional path to and from the processor for transfer of data 
and addresses. The user may configure a number of different types of bus arrangements with the data 
access. Types such as: 

Common data and address 

Separ3te data and address 

Separate input and output buses 

are easily implemented. 

The Data Access Bus provides for 16 bit address and either 8 or 16 bit data (addresses are conventionally 
deemed to be byte addresses) and provide a maximum addressing capability of 65k bytes. 

In accessing data, no distinction is made between memory and peripheral units or between instructions, 
data, control, or status. Each byte or word of information, regardless of function, is assigned an address 
and is referenced by means of this address. 

I n essence, then the Data Access Bus can be conceived to consist of the following elements: 

Data Lines (DALOO-DAL 15) 

Control Lines (SYNC, REPLY, DATA-OUT or DOUT, DATA-IN or DIN, WRITE/BYTE, 
lACK, BUSY) 

Processor Control Lines (10,11,12,13, COMPUTE, RESET) 

The remainder of this section describes each of these elements of the data bus and their interactions and 
timings. 

7.2 INPUT/OUTPUT INSTRUCTIONS 

This section breaks the I/O I nstruction class into 5 classes. These classes are: 

Control Instruction consisting of the READ and WR ITE INSTRUCTIONS that serve mainly to 
operate the Control Lines on the Data Access and to provide addresses. 

Data Transfer Instruction, consisting of the I N PUT and 0 UTPUT instructions which serve to pass 
data along the Data Access lines. 

ACKNOWLEDGE instructions which serve to respond to interrupts. 

Figure 7-1 illustrates the condition testing performed prior to executing the I nput/Output instructions. 
The execute function is described in the following sections. 
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FIGURE 7-1. I/O INSTRUCTION CONDITION TESTING 
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7.2.1 READ INSTRUCTIONS 

The READ instructions take a 16 bit address from a designated register pair and transfer it to the M register. 
When the address becomes valid on the bus, (during the following 01) the SYNC line is made high. The varia
tions on the READ instruction are primarily for address manipulation and easing the coding of I/O routines. 
They cause the address source registers to be modified in some fashion. As far as the system designer is 
concerned, the pertinent operation of this instruction class is that it causes the selected address to be placed 
on the Data Access lines (DALOO-DAL 15) and the SYNC line to be raised. The addressed device will assert 
the REPLY Line when ready for the data transfer. A flow diagram of the READ instruction operation is 
shown in Figure 7-2. 

R b, a READ 

F8 b a 

15 8 4 o 

The 16-bit address in Registers Rb: Ra is transferred to the M Register and a DATA READ operation is 
initiated. Registers Rb and Ra are not changed. 

Timing: 1 cycle 

F 
EXIT 

T 

ADDRESS ~ DALOO-15 

ASSERT SYNC 

EXIT 

FIGURE 7-2. EXECUTION OF READ INSTRUCTION 
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RIB1 b, a READ AND INCREMENT BYTE BY 1 

FO b a 

15 8 4 o 

The 16-bit address in Registers Rb: Ra is transferred to the M Register and a DATA READ operation is 
initiated. The contents of Register Ra are incremented by 1. Register Rb is not changed. 

Timing: 1 cycle 

RIB2 b, a READ AND INCREMENT BYTE BY 2 

F4 b a 

15 8 4 o 

The 16-bit address in Registers Rb:Ra is transferred to the M Register and a DATA READ operation is 
initiated. The contents of Register Ra are incremented by 2. Register Rb is not changed. 

Timing: 1 cycle 

RIW1 b, a READ AND INCREMENT WORD BY 1 

F2 b a I 
15 8 4 o 

The 16-bit address in Registers Rb:Ra is transferred to the M Register and a DATA READ operation is 
initiated. The word in Ra+1 : Ra is incremented by 1. 

Timing: 2 cycles 

RIW2 b, a READ AND INCREMENT WORD BY 2 

F6 b a 

15 8 4 o 

The 16-bit address in Registers Rb:Ra is transferred to the M Register and a DATA READ operation is 
initiated. The word in Ra+1 :Ra is incremented by 2. 

Timing: 2 cycles 

7.2.2 WRITE INSTRUCTIONS 

This class of instructions causes an address in a designated register pair to be placed on the Data Access 
lines DALOO-DAL 15. The SYNC line is raised as the address becomes valid at the next occurrence of 01. 
Also the WR ITE-BYTE Line is raised during the next occurrence of 01. When the addressed device is 
ready to transfer data, it will assert the REPLY line. 

The comments about address source register manipulation pertain to this class of instructions as they do 
to the READ class of instructions described above. 
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A DATA WR ITE operation is distinguished from a DATA READ operation by the assertion of WR ITEI 
BYTE at the same time the address becomes valid on the bus. Note carefully that this signal later is used 
to describe data length when the data becomes valid on the bus. 

A flow diagram of the WRITE instruction operation is shown in Figure 7-3. 

W b, a WRITE 

F9 b a 

15 8 4 o 

The 16-bit address in Registers Rb:Ra is transferred to the M Register and a DATA WRITE operation is 
initiated. Registers Rb and Ra are not changed. 

Timing: 1 cycle 

>------__ EXIT 

T 

ADDRESS ~ DALOO-15 

ASSERT WRITE/BYTE 

ASSERT SYNC 

EXIT 

FIGURE 7-3. EXECUTION WRITE INSTRUCTION 
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WIB1 b, a WRITE AND INCREMENT BYTE BY 1 

F1 b a 

15 8 4 o 

The 16-bit address in Registers Rb:Ra is transferred to the M Register and a DATA WRITE operation is 
initiated. The contents of Register Ra are incremented by 1. Register Rb is not changed. 

Timing: 1 cycle 

WIB2 b, a WRITE AND INCREMENT BYTE BY 2 

F5 b a 

15 8 4 o 

The 16-bit address in Registers Rb:Ra is transferred to the M Register and a DATA WRITE operation is 
initiated. The contents of Register Ra are incremented by 2. Register Rb is not changed. 

Timing: 1 cycle 

WIW1 b, a WRITE AND INCREMENT WORD BY 1 

F3 b a 

15 8 4 o 

The 16-bitaddress in Registers Rb:Ra is transferred to the M Register and a DATA WRITE operation is 
initiated. The word in Ra+ 1 :Ra is incremented by 1. 

Timing: 2 cycles 

WIW2 b, a WRITE AND INCREMENT WORD BY 2 

F7 b a 

15 8 4 o 

The 16-bit address in Registers Rb: Ra is transferred to the M Register and a DATA WR ITE operation is 
initiated. The word in Ra+l :Ra is incremented by 2. 

Timing: 2 cycles 

7.2.3 INPUT INSTRUCTIONS 

The INPUT Instructions control transfer of data from external devices on the Data Access to the processor. 
The data present on the data access is input by the instruction to the specified register or register pair. 
The INPUT class of instructions will not execute until a REPLY signal has been received from the device 
addressed by the previous READ instructions. Refer to a description of the REPLY signal below for the 
timing required. When this instruction is executed it sets DATA-IN high to inform the addressed device 
that it should place its data on the bus. Th is instruction terminates by making SYNC and DATA-I N Low 
on the 02 after completion. 

Note that the instructions INPUT STATUS BYTE and INPUT STATUS WORD will execute regardless of 
the state of the REPLY signal and they do not affect SYNC and DIN. Both ISB and ISW can be stand alone 
microinstructions. 
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Note also that there are no timing restrictions after the selection of a device. As long as the operations 
are executed in the proper sequence, no timeouts or arbitrary disciplines bother the system designer. 

The flow diagram in Figure 7-4 illustrates the operation of the I NPUT instruction. 

IB b. a INPUT BYTE 

EO/E1 b a 

15 8 4 o 

The 8-bit byte from the Data Lines, as specified by b, is placed in Register Ra. Code El causes 
the condition flags, except C, to be updated. The Read Data Access operation is terminated unless Bit 6 

F 
.>------ EXIT 

F 

T 

INPUT LOW BYTE 

F 

INPUT HIGH BYTE 

EXIT 

FIGURE 7-4. EXECUTION OF INPUT INSTRUCTION 
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is a one which allows a Read-Modify-Write (RMW) requiring termination by an output instruction. The 

instruction will not execute until after a Reply signal has been received from the addressed unit. The 

optional inputs are listed below: 

b 0 Upper Byte (Bits 15-8) 

b Lower Byte (Bits 7-0) 

b 2 Upper Byte if M(O) = 1; Lower Byte if M(O) 0 

b 3 Lower Byte if M (0) = 1; Upper Byte if M(O) 0 

b 4 Upper Byte (Bits 15-8); RMW 

b 5 Lower Byte (Bits 7-0); RMW 

b 6 Upper Byte if M(O) 1; Lower Byte if M (0) 0; RMW 

b 7 Lower Byte if M (0) 1; Upper Byte if M(O) 0; RMW 

Timing: 1 cycle (minimum) 

IW b, a INPUTWORD 

E2/E3 b a 

15 8 4 o 

The 16-bit word from the Data Lines is placed in Registers Ra+1 :Ra. Code E3 causes the condition flags, 

except C, to be updated. The Read Data Access operation is terminated unless Bit 6 is a one, which allows 
a Read-Modify-Write (RMW) operation requiring termination by an Output instruction. If Bit 4 or 5 is 

a one the word on the Data Lines is loaded in the Translation Register and at the same time either 

Bits 6-4 or Bits 8-6 of the DAL are loaded into the G Register. The instruction will not execute until 

after a Reply signal has been received from the addressed unit. The Lower Byte is loaded before the Upper 

Byte. The b options are I isted below: 

b 0 

b Load TR; DAL 6-4 to GR; Sets ICS 

b 2 Load TR; DAL 8-6 to GR; Sets ICS 

b 3 Load TR; Sets I CS 

b 4 RMW 

b 5 Load TR; DAL 6-4 to GR; RMW; Sets ICS 

b 6 Load TR; DAL 8-6 to GR; RMW; Sets ICS 

b 7 Load TR; RMW; Sets ICS 

Timing: 2 cycles (minimum) 

NOTE: For both IB and IW a RMW sequence is allowed if and only if the 01 flag is false. 01 looks at the current 
contents of the translation register. The equation is as follows: 

01 = (TR14' TR13) + (TR14' TRf2. TR11 . 'i"RTIi. TR9' TR8· TR7· TR6) 
RMW = (B6' 01). 

Another version of the Control Chip exists without the 01 flag. It is designated as CP1661 B. 
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ISB b, a INPUT STATUS BYTE 

E4/E5 b a 

15 8 4 o 

The 8-bit byte from the Data Lines, as specified by b, is placed in Register Ra. Code E5 causes the condi
tion flags, except C, to be updated. The instruction will input regardless of the state of the Reply signal. 
These optional inputs are listed below: 

b 0 Upper Byte (B its 15-8) 

b Lower Byte (Bits 7-0) 

b 2 Upper Byte if M(O) = 1; Lower Byte if M(O) 0 

b 3 Lower Byte if M (0) = 1; Upper Byte if M(O) 0 

Timing: 1 cycle 

ISW b, a INPUT STATUS WORD 

E6/E7 b a 

15 8 4 o 

The 16-bit word from the Data Lines is placed in Registers Ra+1 :Ra. Code E7 causes the condition flags, 
except C, to be updated. This instruction will input regardless of the state of the Reply signal. The Lower 
Byte is loaded before the Upper Byte. 

Timing: 2 cycles 

7.2.4 OUTPUT INSTRUCTIONS 

OUTPUT Instructions cause data to be transferred from the processor to the addressed peripheral devices. 
The OUTPUT instructions needs the REPLY signal to be asserted before execution will proceed. DATA
OUT is set Hi by the processor during the first phase of the instruction to inform the peripheral device 
that data is presently available on the Data Access. Also during this time, the WR ITE/BYTE signal may be 
set to indicate the length of data on the bus. 

The OUTPUT STATUS command operates as the OUTPUT instructions except that it does not pay atten-

tion to the state of the REPLY line, and does not affect SYNC and DOUT. It also can be a stand alone microinstruction. 

After the execution of the OUTPUT instruction, data becomes valid on the bus. Also, at this time, 
WR ITE/BYTE will be asserted if the data size is one byte. If the data size is a word, WR ITE/BYTE will 
become passive. 

Refer to Figure 7-5 for the flow diagram of the OUTPUT instruction operation. 

OB b, a OUTPUT BYTE 

Fe b a 

15 8 4 o 

The 16-bit contents of Registers Rb:Ra are transferred to the M Register and the Data Lines. The Data 
Out signal is activated. Registers Rb and Ra are not changed. To provide proper operation with a 16-bit 
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F 

ASSERT WRITE-BYTE 

F >------__ EXIT 

T 

PLACE DATA ON DALOO-15 

ASSERT DOUT 

I 
I 
~ 

EXIT 

RESET WRITE-BYTE 

FIGURE 7-5. EXECUTION OF OUTPUT INSTRUCTION 

Data Path b must equal a ~o that the same byte is placed in both byte positions.of the M Register. Output 
does not take place until Reply has been received from the addressed unit. 

Timing: 1 cycle (minimum) 

OW b, a OUTPUT WORD 

FD b a 

15 8 4 o 

The 16-bit contents of Registers Rb:Ra are transferred to the M Register and the Data Lines. The Data 
Out signal is activated. Registers Rb and Ra are not changed. Output does not take place until Reply h.as 
been received from the addressed unit. 

Timing: 1 cycle (minimum) 
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os b, a OUTPUT STATUS 

FE b a 

15 8 4 o 

The 16-bit contents of Registers Rb:Ra are transferred to the M Register and the Data Lines. Registers 
Rb and Ra are not changed. Output takes place regardless of the state of the Reply signal. This instruction 
is normally used without a Write instruction, and cannot turn off Sync. 

Timing: 1 cycle 

7.2.5 INTERRUPT ACKNOWLEDGE INSTRUCTIONS 

These instructions perform in identical fashion to the READ/WRITE instructions mentioned in Sections 
7.2.1 and 7.2.2. Additionally, they raise the Interrupt Acknowledge (lACK) line. The Interrupt Acknowl
edge signal and a predetermined address placed on the Data Access bus by this instruction can be used as 
a signal to the I/O devices (if the system designer wishes) to inform the I/O set that the device requesting 
service should place his device number on the bus for transmission to the processor. Depending upon 
whether or not a READ acknowledge or a WR ITE acknowledge was executed, the succeeuing instruction 
may be an I N PUT or OUTPUT I nstruction respectively' 

RA b, a READ ACKNOWLEDGE 

FA b a 

15 8 4 o 

The 16-bit address in Registers Rb:Ra is transferred to the M Register and a DATA READ operation is 
initiated with the Interrupt Acknowledge line high. Registers Rb and Ra are not changed. The Interrupt 
Acknowledge signal along with one or more address bits is used to form a signal which polls I/O units for 
the one interrupting the processor on the Interrupt line corresponding to the address. The processor inputs 
a byte or word containing the identification of the interrupting unit. 

Timing: 1 cycle 

WA b, a WRITE ACKNOWLEDGE 

FB b a 

15 8 4 o 

The 16-bit address in Registers Rb: Ra is transferred to the M Register and a DATA WR ITE operation is 
initiated with the I nterrupt Acknowledge line high. Registers Rb and Ra are not changed. The Interrupt 
Acknowledge signal along with one or more address bits is used to form a signal which polls I/O units for 
the one interrupting the processor on the Interrupt line corresponding to the address. This unit receives 
the next data output. 

Timing: 1 cycle 

7.3 DATA/ADDRESS LINES 

Sixteen Data/Address Lines, denoted DALOO-DAL 15, are used to transfer addresses and data from the 
processor and to receive data into the processor. This bus is TTL compatible and signals on it are logical 
true data. 
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An address is output by the Data Chip as a result of executing a READ or a WR ITE instruction. It appears 
on the bus at 01 following the execution of the instruction. The address is valid on the bus during 

phases 2, 3 and 4. 

Data is output by the processor as a result of executing an OUTPUT instruction. It appears on the bus 
at the first 01 after the microinstruction is executed and remains on the bus for a minimum of one cycle. 
Data is received from the Data Access into the processor by the INPUT instruction. It is clocked in at 
04 of the instruction cycle. 

7.4 CONTROL LINES 

This section describes the Control lines generated by the CP1621 Control Chip as a result of I/O instruction 
execution. It provides a functional description of the control lines. Their timing and interactions with the 

Data Access lines are further defined in Section 7.6. 

Sync (TTL) 

The SYNC is a Control signal used to initiate and signify the length of a Data Access operation. SYNC is 

made high as soon as an address becomes valid. This occurs at 02 following a READ or WR ITE. It remains 
high until the termination of the operation. 

Reply (TTL) 

The REPLY is a Control signal used by the addressed unit to respond to the Processor's Data Access signals. 

The REPLY signal must be high during 03 of the INPUT or OUTPui microinstruction execution cycle in 
order for this operation to complete. The REPLY signal isalso interrogated by READ and WRITE micro

instructions and it must be low during 03 in order for these operations to take place. 

Data-In (TTL) 

The DATA-I N (D IN) is a Control signal from the Processor to cause the address unit to gate its Read data 
on ·the Data I ines. It is made high at the time the address is removed from the I ines, or one cycle after the 
SYNC is made high (the second 02 of the INPUT) and is a function of the READ instruction. The DATA-IN 
is made low at the end of the Input Byte or Input Word instruction or when SYNC is made low. This 
signal can be used to control the enabling of external TTL Tri-State Bus Driver/Receivers. 

Data-O ut (TT L) 

The DATA-OUT (DOUT) is a Control signal from the Processor which is made high at the same time as 
the Write data (01 following the OUTPUT) is placed on the DAL bus by the Processor. It remains high 
for the duration of the OUTPUT instruction, dropping one phase before the data is taken off the DAL bus. 

Write/Byte (TTL) 

The WR ITE/BYTE (WB) is a Control signal from the Processor which is high during the time the address 
is on the bus to sign ify a WR ITE rather than a READ operation; and is high during Data-Out to sign ify a 
Byte output rather than a Word output. To indicate an Output, it comes up at 01 following a WRITE. 

Interrupt Acknowledge (TTL) 

The lACK is a Control signal from the Processor which signifies that the Processor is responding to an 
Interrupt. This signal is made high at the same time the SYNC is made high as a result of either 'RA' 
or 'WA' instructions, and stays high as long as SYNC is high. 

Busy (TTL) 

The BUSY is a Control signal from an external unit to the Processor requesting access to the bus. The 
signal can be used, for example, by a DMA unit to access the memory. The BUSY signal is interrogated at 
03 by the Processor every time READ or WRITE instructions are taking place. Whenever the BUSY 
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signal is found to be one, the Processor enters a WAIT state inhibiting any access operation from taking 
place. The Processor will resume normal operation as soon as BUSY is turned off. 

7.5 INTERRUPT, RESET, AND COMPUTE 

This section describes signals which WOUld, in the normal scheme of things, be defined as processor control 
signals. 

7.5.1 RESET 

RESET is a TTL level line that may be controlled by an external device. Activation of the RESET line 
causes the Microprocessor to force 001 into the Location Counter. A NOP is also forced into the M I R 
and the MI registers. SYNC and DATA-IN are both reset. The RESET line can be wired to a POWER 
ON reset or it may be used by the program or its own purposes. 

Note that the activation of RESET is a hard action in that everything stops and the above mentioned 
conditions are forced. 

7.5.2 COMPUTE 

COMPUTE is also a TTL level signal and it controls the processor's execution of microinstructions. The 
processor examines COMPUTE during every 01 to determine whether or not it should execute the present 
microinstruction. In the case of a two cycle instruction COMPUTE need be high only during 01 of the first 
cycle. Among other things COMPUTE may be used to control single stepping of microinstructions. This 
line should not be confused with the WAIT signal on the MIB bus. 

7.5.3 INTERRUPTS 

The external I NTE R R UPT I ines of the MCP 1600 system are. 10-13. These are microprogrammable. These 
lines provide inputs to Array 3 of the Programmable Translation Array and thus may be checked at certain 
user defined addresses in the Microprogram. As the examination of these lines is controlled by the contents 
of the Location Counter and the Macroinstruction being translated, it is easy for the microprogram to 
examine them for instance, before the FETCH cycle of every macroinstruction. There is no discipline 
associated with the use of these interrupt lines. Their state may be changed at any time. The system 
designer may implement his own interrupt control scheme by use of these lines and the ACKNOWLEDGE 
instructions described in Section 7.2.5 above. 

7.6 INPUT/OUTPUT OPERATIONS 

The Data Access of the MCP1600, because of its flexibility, can be used to configure a variety of I/O 
schemes. Several of the schemes that can be implemented were mentioned in the introduction. This 
section will describe the interactions of the elements that comprise the Data Access and then define some 
canned operations that have been found usefu I. The combination of these canned operations and a disci
pline that structures interrupts and device addresses can result in a fast and powerful I/O structure. 

7.6.1 STANDARD I/O SEQUENCES 

There are five standard I/O sequences that have been developed for the MCP1600 Processor System. 
These sequences provide for the orderly transfer of data to and from the processor. Two sequences pro
vide for normal READs and WR ITEs. One sequence provides a READ/MODIFY!WR ITE capability which 
is useful for controlling random access memory devices. The last two sequences are READ!WRITE 
INTERRUPT ACKNOWLEDGE sequences. 

These sequences are as described both verbally and with timing diagrams. Note that in the timing diagrams, 
the first clock cycle (01, - - - (4) is devoted to instruction interpretation. Bus operations don't begin to 
occur until the second clock cycle. 
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7.6.1.1 WRITE/OUTPUT SEQUENCE 

This sequence consists of two instructions: 

WRITE 

OUTPUT 

Device Number 

Data Source 

The Write operation transfers data from the processor to the addressed unit. The Write is initiated by a 
Write instruction which transfers a 16-bit address to the Data Access port. The address is present on the 
lines for one cycle. Data is transferred from the processor registers to the Data Access port by an Output 
Byte or Output Word instruction. The operation is terminated after the data has been on the lines for a 
minimum of one cycle. When outputting a byte with a 16-bit data path, the same byte must be placed in 
both the upper and the lower bytes of the port and the addressed unit takes care of storing the byte in 
proper half of the word as selected by the low-order address bit. 

The time period between selection of the device by the WR ITE instruction and the transfer of the data is 
not critical if the device controller latches the selection. The sequence is graphically shown in Figure 7·6 
below. 

7.6.1.2 READ/INPUT SEQUENCE 

This sequence consists of two instructions which select the device, then transfer data. 

READ 

INPUT 

Device Number 

Data Destination 

The Read operation transfers data from the addressed unit to the processor. The Read is initiated by a 
Read instruction which transfers a 16-bit address to the Data Access port. The address is present on the 
lines for one cycle and then the processor signals the addressed unit to put its data on the lines. Data is 
input to the processor registers by an Input Byte or Input Word instruction. The Read operation is termi· 
nated by either I nput or Output instructions. An I nput Byte instruction allows for selection of the Upper 
Byte, Lower Byte or the Byte selected by the lower-order bit of the address. 

The time period between execution of the READ and INPUT INSTRUCTIONS is not critical if selection 
latching is used in the device controller. 

Figure 7-7 illustrates the READ/INPUT sequence. 

01 

WAIT 

DAl 
ADDRESS 

SYNC 

DOUT 

--+-----------------~--~® 
WB .:;c;-::~"<:__"""\- - - - -

--l-------......J- - - - - - -.::-...,-\....----+-..2::.:.:::...::.:..:.:'---1------'-
REPL Y! 

1 'SYNC' 15 MADE HIGH AS SOON AS A VALID ADDRESS IS ON THE BUS 10:<'1 
'2. 'REPLY' BEING LOW ON 03 CAUSES THf: OUTPUT' INSTRUCTION TO BE EXECUTED REPEATE:.DtV 
3. 'DOUT' IS MADE HIGH ON 01 AS 'DATA our 15 PLACED ON THE BUS 

4. 'OUTPUT' INSTRUCTION IS TERMINATED BY RAISING 'REPLY' BEFORE 03 

5. 'SYNC' IS MADE lOW ON 01, 'oour 15 MADE LOW ON 04, AND 'OAl' IS TAl 5T AT ED ON 01 
AEPl Y CAN BE TURNED OFF AS SOON AS 'SYNC'IS MADE LOW 

FIGURE 7-6. WRITE/OUTPUT SEQUENCE 
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01 02 

WAil 

ADDRESS OAT A IN 
DAL 

SYNC 

DIN CD,-------------------~--~ 
--+-------------------~--~~ G) 

(]) REPl Y 

'SYNC' IS VlADE HIGH AS SOON AS A VALID ADDRESS IS ON THE BUS 102i 
REPLY' BEING LOW ON 03 CAUSES fHE 'I~JPU I' li\jSTHUC:11()f~ TO Bl:: EXECUl ED Rf:H:AH:LlL Y 

J DIN' IS MADE HIGH AS SOON AS THE ADDRESS IS TAKEN OFF THE BUS iO:?1 AS FUNCTION OF READ MICROINSTRUCTION 
I HE:f'LY' AI\J[) 'DIN' ~,'IU;-,T BL HIGH ON 031N ORDER FOR 'INPUT' INSTRUCTION TO fAKf: PLACE: 

5 UPON TERMINATION OF 'INPUT' INSTRUCTION, SYNC' AND 'DIN' ARE MADE LOW ON 0) 

FIGURE 7-7_ READ/INPUT SEQUENCE 

7.6.1.3 READ/MODIFY/WRITE SEQUENCE (See Figure 7-8) 

The length of this sequence is variable. At least three instructions are required: 

READ Device Number 

INPUT Destination Register 

Microprogram can modify data 

OUTPUT Source Register 

A Read/Modify/Write operation is both a Read and Write in a single Data Access operation. This provides 
for inputting data from an addressed unit, modifying it, the outputting the changed data to the same 

addressed unit. The Read/Modify/Write is initiated by a Read instruction which transfers a 16-bit address 

to the Data Access port. The address is present on the lines for one cycle and then data is placed on the 

lines by the addressed unit. Data is input to the processor registers by an Input Byte or I nput Word 
instruction. The Data Access operation is not terminated as in the case of a normal Read, but continues 

for a subsequent output, as specified by the Input instruction. This suspended period can be used to modify 

the data, if desired. An example might be an Increment Memory instruction. After modification, data is trans-

ferred from the processor registers to the Data Access port by an Output Byte or Output Word instruction. The 

operation is terminated after the data has been on the line for a minimum of one cycle. 

RIWI I 
01 04 

W AIT 

AL 

YNC 

IN 

DOUT 

WB 

REPL Y 

I 
!I) & MOD I OB 

01 I U2 I 03 I 04 01 I 07 I 03 I 04 01 I 0) I 

ADDRESS OAT A IN 

\------; 
~\ 
( 

.... j 
"1 

'INPUT & MOD' WILL TURN 'DIN' OFF, BUT WILL KEEP 'SYNC' ON 

'REPL Y' CAN BE MADE LOW AS SOON AS'SYNC' AND 'DIN' ARE OFF 

03 I 01 I NEXT INSTRUCTION, I 
01 ] Cl7 I OJ I 04 01 

DATAOUT 

~ 
/ \ 
/ 

\(]) 

FIGURE 7-8. READ/MODIFY/WRITE SEQUENCE 
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7.6.1.4 INTERRUPT ACKNOWLEDGE SEQUENCES 

These two sequences provide the system designer with the ability to structure his own interrupt system. 
I n addition to the normal READ or WR ITE sequences, .the processor will raise lACK at the specified time. 

The combination of lACK and a special reserved device number on DALOO-15 could, for example, order the 
device controller requesting attention to return its device number on the subsequent INPUT instruction. 

Figure 7-9 illustrates the operation of both the READ and WRITE Interrupt Acknowledge. 

WA I DB 

01 I 02 I 03 I 04 01 I .2 I 03 I 04 I 01 I 02 I .3 I 04 I ., I .2 I 03 I 04 I 01 

WAIT r- ""\ 

DAL -1 0 ADDRESS X STATUS OUT 
-' 

SYNC 
\ -.. 

Dour 
/ \ 

----- -"""\ 

WB ------, WAITE BYTE 

lACK 
/ \ ------"" 

REPl -----, / \ - _-./ 

RA I 18 (WAIT) 

04 I IB/WAITI I IB I 
01 I 02 I 03 I 04 01 I ., I 03 I 01 I 0, I 03 I 04 01 I 0, I 03 I 04 01 I., 

WAIT 1\ 1\ 
DAL - _ ... >--- STATUS IN - ~ I a ADDRESS 

"-
SYNC 

/ '--------
DIN 

/ '---------
-

lACK 
/ '-------

REPl Y ,..-- ---·--x ------
tACK" IS TURNE:D ON FOR THE DURATION OF 'SYNC' BY 'WA' AND 'RA' INSTRUCTIONS. 

FIGURE 7-9. INTERRUPT ACKNOWLEDGE SEQUENCE 

7-16 



SECTION VIII 

ELECTRICAL SPECIFICATIONS 

8.1 GENERAL 

This section describes the electrical characteristics of the parts making up the WDC MCP 1600 Microprocessor 
Set. Each of the three required devices is parameterized. 

8.2 CP1611B MICROPROCESSOR DATA CHIP 

This section describes the electrical interface requirements of the CP1611 B Microprocessor Data Chip. 
Adherence to nominal values will ensure reliable operation. 

This is a preliminary specification with tentative device parameters and may be subject to change after 
final product characterization is completed. 

Information furnished by Western Digital Corporation is believed to be accurate and reliable. However. no 
responsibility is assumed by Western Digital Corporation for its use; nor any infringements 'of patents or 
other rights of third parties which may result from its use. No license is granted by implication or 
otherwise under any patent or patent rights of Western Digital Corporation. Western Digital Corporation 
reserves the right to change said circuitry at any time without notice. 
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VCH -

CLOCK DIAGRAM 

VOV 

V 10%--P -0111--- V 1 0% 

DEFINITION OF 10% AND 90% VOLTAGE POINTS 
FOR CLOCK, INPUTS AND OUTPUTS 

V10% = VLOW (MAX.) +.1 [VHIGH (MIN.) - V LOW (MAX.)] 

V90% = VLOW (MAX.) +.9 [VHIGH (MIN.) - V LOW (MAX.)] 

This definition applies to clock, input and output pins. 

FIGURE 8-1 
MCP1600 CLOCK DIAGRAM 
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ABSOLUTE MAXIMUM RATINGS OVER FREE AIR TEMPERATURE RANGE (Unless Otherwise Noted)* 

Supply Voltage VOO (See NOTE) 

Supply Voltage VBB (See NOTE) 

All Other Pin Voltages (See NOTE) 

Clock Voltage (See NOTE)** 

Operating Free Air Temperature Range 

-0.5V to 15V 

-10V to 1.0V 

-1.0V to 15V 

-1.0V to 15V 

OOC to 128'C 

Storage Temperature Range -55 0 C to 1250 C 

NOTE: These voltage values are with respect to ViSS Supply Voltage. If V BB is more positive than any other voltage, then 
IBB must be limited to 10ma. 

*Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage to the device. 
This is a stress rating only and functional operation of the device at these or any other conditions beyond 
those indicated in the operational sections of this specification is not implied. Exposure to absolute 
maximum-rating conditions for extended periods may affect device reliability. 

**The other three clock voltages must be between 0.5V and - 0.6V ex cept for switching overlaps. Not 
more than one clock may be high at anyone time. 

Applying power to the part may be any sequence of conditions that do not violate the maximum ratings 
specified on this sheet. 

OPERATING CHARACTERISTICS 

TCASE = QloC to 7CfC, VOO= + 12.0V± .6V, VBB= -3.9V± .25V, VSS = QlV 

SYMBOL 

IL 

IBB 

I LC 

IOOAVE 

V IHM 

V ILM 

VOLM 

VOV 

VCH 

VCL 

VOHT 

VOLT 

V IHT 

V ILT 

CHARACTERISTIC 

Leakage Current For Any Pin Other Than 
Clocks or Power 

V BB Supp Iy Current 

Clock Leakage Current 

Average VOO Operating Current 

Input High Voltage MIB00-MIB15, WAIT 

Input Low Voltage MIB00-MIB15, WAIT 

Output Low Voltage MIB00-MIB15 

Overlap Voltage of Any Two Adjacent 
Clock Phases 

Clock High Voltage (SEE NOTE) 

Clock Low Voltage (SEE NOTE) 

TTL Output High Voltage OAL0Ql-OAL 15 

TTL Output Low Voltage OALQl0-0AL 15 

TTL Input High Voltage 

TTL Input Low Voltage 

MIN TYP MAX UNITS 

±10 p.A 

-500 p.A 

±100 p.A 

20.0 35.0 mA 

4.1 5.5 V 

0.0 0.8 V 

0.0 0.4 V 

0.0 3.0 V 

11.8 13.0 V 
12.0 13.7 

-0.6 0.5 V 

2.4 5.5 V 

0.0 0.4 V 

2.4 5.5 V 

-1.0 0.8 V 

CONDITIONS 

VIN - 5.25V/OV 

VBB = -5.25V 

V CLOCK = 13.7V/OV 

T CYC = 300 nsec 

CL = 50 pf 

I - 100 p.A during 
0- 01 only 

VOO= 11.4 
VOO= 12.6 

10 = -100 p.A 

10 = 1.8 mA 

II ~ 10p.A 

11~-lOp.A 

NOTE: Linear interpolation applies for V CH when VDD is between 11.4V and 12.6V. No overshoot or Undershoot allowable. 
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AC CHARACTERISTICS 

T CASE = 0°C to 70D C, VDD = + 12V ± .6V, VBB = - 3.9V± .25V, VSS= 0V 

SYMBOL CHARACTERISTIC MIN TYP MAX UNITS CONDITIONS 

TpW Clock Width High (All Phases) 55 240 nsec 

TCW Clock Width Low (All Phases) 75 300 nsec 

TCYC Clock Period (All Phases) 300 1000 nsec 

TT Clock Transition Time (All Phases) 5 nsec 

T MIS MIB00-MIB15 Input Set-Up Time At 01 20 nsec 

TMIH MIB00-MIB15 Hold Time After 01 5 nsec 

TMOL Time to Discharge MIB00-MIB15 to a 
Low by the Data Chip at 01 35 nsec CL = 50 pf 

TJOL Time to 0 ischarge M I B 15 Low at 04 
by the Data Chip for the JUMP 
Response 35 nsec CL = 50 pf 

TDOV Address or Data Out Switching Time 
from 01 to High or Low Valid 70 nsec Fig. 8-2 

TOOT Address or Data Out Tri-State Time 
from 01 55 nsec Fig. 8-2 

T DIS Data In Set-Up Time to 04 15 nsec 

TDIH Data I n Hold Time After 04 10 nsec 

TWHS Wait Input High Set-Up Time 20 nsec 

TWHH Wait Input High Hold Time 5 nsec 

TWLS Wait Input Low Set-Up Time 20 nsec 

TMIT Input Transition Start Set-up Time 35 nsec 

TMOT Output Transition Start Delay Time 20 nsec C L = 50 pf 
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CAPACITANCE 

SYMBOL CHARACTERISTIC MIN TYP MAX UNITS CONDITIONS 

C01 C lock Phase 1 Capacitance 40 60 pf 

CO2 Clock Phase 2 Capacitance 40 60 pf 

V IN =0V, VSS=0V, 
C03 C lock Phase 3 Capacitance 40 60 pf 

V DD = 0V, V BB = -3.9V 

C04 Clock Phase 4 Capacitance 40 60 pf 

f = 1 MHz 

CD Data I nput/Output Pin Capacitance 6.0 15.0 pf 

Cc Clock to Clock Capacitance 4.0 7.0 pf 

8.3 CP1621 MICROPROCESSOR CONTROL CHIP 

This section describes the electrical interface requirements of the CP1621 B Microprocessor Control Chip. 

Adherence to nominal values as specified will ensure reliable operation. 
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-00 -- -------s:. 

I 
_w 
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T MIS 

jT
M
:". 

TMIT T MOT 

i\ii'iiIT6 (L R A) I 
, 7 
\ / 
'- __ I 

T MIS ~ 
NOTES: 1. BUS PRECHARGING IS PERFORMED BY THE CP1631 B. 

2. ADDRESS OUTPUT SWITCHING TIME (T MOH AND T MOL) APPLIES TO MIB00-iViiBTO ONLY. 
3. JUMP RESPONSE FROM DATA CHIP CP1611 B. 
4. SWITCHING TIMES ARE MEASURED AT 10% AND 90% OF SPECIFIED LEVELS. 



CLOCK 
INPUT: 

OUTPUT 
SWITCHING LOW 
AT 0n 

OUTPUT 
SWITCHING HIGH 
AT 0n 

DYNAMIC INPUT 
VALID OVERLAP 
AT 0n 

T IVOn 

TCW 

~ TWOL • 

TWOT -I 

l 
I- T OHn 

VALID 

DATA 

---VCl 

T _ IVOn 

NOTE: SWITCHING TIMES ARE MEASURED AT 10% AND 90% OF SPECIFIED lEVELS. 
* NOTE: T MOT only applies to the wait signal in these drawings. 

FIGURE 8-4 
1621 CONTROL SIGNALS TIMING 
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ABSOLUTE MAXIMUM RATINGS OVER FREE AIR TEMPERATURE RANGE (Unless Otherwise Noted)* 

Supply Voltage VOO (See NOTE) -0.5V to 15V 

Supply Voltage V CC (See NOTE) -0.5V to 15V 

Supply Voltage V BB (See NOTE) -10V to 1.0V 

All Other Pin Voltages (See NOTE) -1.0V to 15V 

Clock Voltage (See NOTE)** -1.0V to 15V 

Operating Free Air Temperature Range OoC to 125°C 

Storage Temperature Range -550 C to 1250 C 

NOTE: These voltage values are with respect to VSS Supply Voltage. If VBB is more positive than any other voltage, 
THEN I BB must be limited to 10ma. 

*Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage to the 
device. This is a stress rating only and functional operation of the device at these or any other con
ditions beyond those indicated in the operational sections of this specification is not implied. Exposure 
to absolute max imum-rating cond itions for extended periods may affect device rei iabi I ity. 

**The other three clock voltages must be between 0.5V and - 0.6V except for switching overlaps. Not 
more than one clock may be high at anyone time. 

Applying power to the part may be any sequence of conditions that do not violate the maximum 
ratinqs specified on this sheet. 

OPERATING CHARACTERISTICS 
T CASE = 0°C to 70°C, VOD = + 12.0V±6V, VBB = - 3.9V±25V, VSS = 0V, VCC = +5V± .25V 

SYMBOL CHARACTERISTIC MIN TYP MAX UNITS CONDITIONS 

III Leakage Current For Any Pin 
Other Than Clocks or Power 

IBB V BB Supp Iy Current 

I LC Clock Leakage Current 

ICCAVE Average V CC Operating Current 

IOOAVE Average V 00 Operating Current 

V IHM MOS Input High Voltage 4.1 

V ILM MOS I nput Low Voltage 0.0 

VOHM MOS Output High Voltage 4.25 

VOLM MOS Output Low Voltage 0.0 

VOV Overlap Voltage of Any Two Adjacent 
Clock Phases 0.0 

V CH Clock High Voltage (SEE NOTE) 11.8 
12.0 

VCL Clock Low Voltage (SEE NOTE) -0.6 

VOHT TTL Output High Voltage 2.4 

VOLT TTL Output Low Voltage 0.0 

V IHT TTL Input High Voltage 2.7 

V ILT TTL Input Low Voltage -1.0 

±10 

-500 

±100 

7.0 12.0 

20.0 35.0 

VCC 

0.8 

VCC 

OA 

3.0 

13.0 
13.7 

0.5 

VCC 

0.4 

VCC 

0.8 

J.l.A 

J.l.A 

J.l.A 

mA 

mA 

V 

V 

V 

V 

V 

V 

V 

V 

V 

V 

V 

VIN = 5.25V/0V 

VBB = - 5.25V 

V CLOCK = 13.7V/0V 

TCYC = 300 nsec 
CL = 50pf 

T CYC = 300nsec 
CL = 50 pf 

10 = - 30 J.J.A 

10 = 100 J.J.A 

VOO= 11AV 
VOO = 12.6V 

10 = -100 J.l.A 

10 = 1.8 mA 

NOTE: Linear interpolation applies forV CH when VOD is between 11AVand 12.6V. No overshoot or undershoot allowable. 
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OPERATING CHARACTERISTICS 
TCASE = 0°C to 70°C, VDD = + 12V ± .6V, VBB = - 3.9V ± .25V, VSS = 0V, VCC = + 5Vi ± .25V 

SYMBOL CHARACTERISTIC MIN TYP MAX UNITS CONDITIONS 

TpW Clock Width High (All Phases) 55 240 nsec 

TCW Clock Width Low (All Phases) 75 300 nsec 

TT Clock Transition Time (All Phases) 5 nsec 

TCYC Clock Period (All Phases) 300 1000 nsec 

T MIS MIB0 0-MIB15 Input Set-Up Time at 01 20 nsec 

T MIH MIB0 0-MIB15 Hold Time After 01 5 nsec 

T MOL Output Switching Low at 02 For MIB00-1 0 
and at 03 For MIB16 35 nsec C L'= 50 pi 

T ROL Output Switching Low at 01 For MIB08-15 
by RESET 35 nsec CL = 50 pi 

TJIS Time to Set-Up MIB15 Low at 04 by The Data 
Chip For the JUMP Response 20 nsec 

T MOH Output Switching High at 02 50 nsec CL = 50 pi 

TWOL WAIT Switching Low at 01 35 nsec C L = 20pl 

TOL1 Output Switching Low at 01 ; WORD/BYTE 60 nsec Figure 8-4 

T OH1 Output Switching High at 01 ; WORD/BYTE, 
DATA-OUT 60 nsec Figure 8-4 

T OL2 Output Switching Low at 02; DATA-IN, 
lACK, SYNC 5* 60 nsec Figure 8-4 

TOH2 Output Switching High at 02; SYNC, 
DATA-IN, lACK 5* 60 nsec Figure 8-4 

TOL4 Output Switching Low at 04; DATA-OUT 60 nsec Figure 8-4 

TWOH Output Switching High at 04; WAIT 35 nsec CL = 20 pi 

T IV03 Input Valid Overlap at 03; REPLY, BUSY 10 nsec 

TIV01 Input Valid Overlap at 01 ; RESET, COMPUTE 10 nsec 

T IV04 Input Valid Overlap at 04; INT0-INT3 10 nsec 

T MOT Output Transition start delay Time 20 nsec CL = 50 pi 

TMIT Input Transition start Set-Up Time 35 nsec 

TWOT WAIT Output Hold Time 5 nsec C L =20pl 

TAOT Address Output Transition Start Delay Time 30 nsec C L = 50 pi 

*Minimums apply to "SYNC" signal only with C L = 1 0 pl. 
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CAPACIT ANCE 

SYMBOL CHARACTER ISTIC MIN TYP MAX UNITS CONDITIONS 

C01 Clock Phase 1 Capacitance 45 

CO2 Clock Phase 2 Capacitance 40 

C03 C lock Phase 3 Capacitance 45 

C04 Clock Phase 4 Capacitance 40 

CD Data I nput/Output Pi n Capacitance 5.0 

Cc Clock to Clock Capacitance 4.0 

70 

60 

70 

60 

10.0 

7.0 

pf 

pf 

pf 

pf 

pf 

pf 

See NOTE. 

VIN = 0V, VSS = 0V, 
VDD = 0V, VBB = - 3.9V 
F= 1 MHz 

NOTE: Clock Capacitances and Clock To Clock Capacitances are a function of the PTA coding. 

8.4 CP1311B MICROPROCESSOR MICROM CHIP 

This section descri bes the electrical interface requirements of the CP 1031 B Microprocessor M I CROM Chip. 
Adherence to nominal values will ensure reliable operation. 

CLOCK 
PHASE 

1 

CLOCK 
PHASE 

2 

CLOCK 
PHASE 

3 

CLOCK 
PHASE 

4 

MICRO 
INSTR. 
BUS 
(MIB00-

MTBi5. 
MIB17) 

~----------------------_TCYC--------------------------~ 

~ TpRE 

j 
T MOL 

I- I ~ T PRE 

~ T AH-I 

~-- j~~ J~~""" ... ,,,,, 
T PRE applies. 

NOTES: 1. MiS lines except 1iii'i1ii5 are precharged high at Phase 4. 
2. MIB16 is also precharged high at Phase 2. 
3. MIB16 is discharged to disable the MiB00."iiiiiBT5 and MiB18·MIB21 outputs at 01 from discharging low. 
4. Address input transistions occur only on MIB00-MIB10 lines and Chip Select. 
5. Switching times are measured at 10% and 90% of specified levels. 

FIGURE 8-5 
1631 MIB TIMING 
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CLOCK 
PHASE 

1 

CLOCK 
PHASE 

2 

CLOCK 
PHASE 

3 

CLOCK 
PHASE 

4 

MIBI8-MIB21 

~ _________________________ TCYC 

VOHT 
(TIL) 

CS r-_________ VIHM 

--------~ 
-/TAT ~ 

NOTE: TIL outputs (MIBI8-MIB21) are unconditionally driven high at (ii4 and conditionally driven low at (ii 1. 

This conditional low will be valid until the next (ii4. 

FIGURE 8-6 
1631 TTL TIMING 

ABSOLUTE MAXIMUM RATINGS OVER FREE AIR TEMPERATURE RANGE (Unless Otherwise Noted)* 

Supply Voltage V DO (See NOTE) 

Supply Voltage V CC (See NOTE) 

Supply Voltage V BB (See NOTE) 

All Other Pin Voltages (See NOTE) 

Clock Voltage (See NOTE)** 

Operating Free Air Temperature Range 

Storage Temperature Range 

-O.5V to 15V 

-O.5V to 15V 

-10V te 1.0V 

-1.0V to T5V 

-1.0Vto 15V 

OoC to 125°C 

-550 C to 1250 C 

NOTE: These voltage values are with respect to V SS Supply Voltage. If V BB is more positive than any other voltage, 
then I BB must be limited to 10 mao 

*Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage to the 
device. This is a stress rating only and functional operation of the device at these or any other condi
tions beyond those indicated in the operational sections of this specification is not implied. Exposure 
to absolute maximum-rating conditions for extended periods may affect device reliability. 

**The other three clock voltages must be between O.5V and -O.6V except for switching overlaps. Not 
more than one clock may be high at anyone time. 

Applying power to the part may be any sequence of conditions that do not violate the maximum 
ratings specified on th is sheet. 
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OPERATING CHARACTERISTICS 
T CASE = 0°C to 700 C, V DD = +12.0V ± .6V, V BB = -3.9 ± .25V, VSS = 0V, VCC = +5V ± .25V 

COMMENTS AND 
SYMBOL CHARACTERISTIC MIN TYP MAX UNITS CONDITIONS 
IL Leakage Current for any Pin Other than ±10 /.LA V IN = 5.25V/0V 

Clock or Power 

IBB V BB Supply Current -500 /.LA V BB = -5.25 V 

I LC Clock Leakage Current ±100 /.LA VCLOCK = 137V/0V 

ICCAVE Average V CC Operating Current' 10.0 20.0 mA T CYC = 300 nsec 

CL =25pf 

IDDAVE Average V DD Operating Current 10.0 20.0 mA T CYC = 300 nsec 

CL =50pf 

V IHM Input High Voltage (All Inputs) 4.0 VCC V 

V ILM Input Low Voltage (All Inputs) 0.0 0.8 V 

VOHM Output High Voltage (MOS) 4.35 VCC V 10 = -30 IJA 

VOHT Output High Voltage (TTL) 2.4 VCC V 10 = -50 IJA 

VOLM Output Low Voltage (MOS) VSS 0.4 V 10= lOO IJA 

VOLT Output Low Voltage (TTL) 0.0 0.4 V 10 = 1.8 ma 

VOV Overlap Voltage of Any Two Adjacent 
Clock Phases 0.0 3.0 V 

V CH Clock High Voltage (SEE NOTE) 11.8 13.0 V 
VDD = 11.4 

12.0 13.7 VDD =12.6 

VCL Clock Low Voltage (SEE NOTE) -0.6 0.5 V 

NOTE linear interpolation applies for V CH when VDD is between 11 AV and 12.6V. No overshoot or undershoot allowable 

* Note: The majority of this current is used to precharge the output capacitance, C L: and therefore, is proportional to the 
CL precharged by the MICROM and the frequency of discharge 

AC CHARACTERISTICS 

T CASE = 0°C to 700 C, V DD = +12V ± .6V, V88 = -3.9V ± .25V, VSS = 0V, V CC = +5.0V ± 0.25V 

SYMBOL CHARACTERISTIC MIN TYP MAX UNITS CONDITIONS 

TpW Clock Width High (All Phases) 55 240 nsec 

TCW Clock Width Low (All Phases) 75 300 nsec 

TT Clock Transition Time (All Phases) 5 nsec 

TCYC Clock Period (All Phases) 300 1000 nsec 

TMOL Output Propagation Delay from 01 
Clock 35 nsec CL = 50 pf 

T PRE Time to Precharge Outputs High 55 nsec CL = 25 pf 

T MIS Input Set-Up Timeon MI816atPhase 3 20 nsec 

TTOL TTL Out Switching Low 55 nsec . Figure 8-6 

TAS Address Set-Up Time 5 nsec 

TAH Address Hold Time 0 nsec 

T MOT Output Transition Start Delay Time 20 nsec C L = 50 pf 

TMIT Input Transition Start Set-Up Time 35 nsec 

TAT Address Transition Start Set-Up Time 25 nsec 
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CAPACITANCE 

SYMBOL CHARACTERISTIC MIN TYP MAX UNITS CONDITIONS 

CQll Clock Phase 1 Capacitance 20 50 pf 

VIN QlV, 

CQl2 Clock Phase 2 Capacitance 40 60 pf 

VSS QlV, 

CQl3 Clock Phase 3 Capacitance 20 50 pf 
VDD = QlV, 

CQl4 Clock Phase 4 Capacitance 50 100 pf 
VBB = -3.9V 

CD Data I nput/Output Pin Capacitance 5.0 8.0 pf 
f = 1 MHz 

Cc Clock to Clock Capacitance 3.0 6.0 pf 
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SECTION IX 

PIN ASSIGNMENTS 

9.1 GENERAL 

This section describes the pin assignments of the three chips that make up the MP1600 Microprocessor set. 

PIN NO. SIGNAL PIN NO. SIGNAL PIN NO. SIGNAL PIN NO. SIGNAL 

03 11 DAL()8 21 02 31 MIB07 

2 V BB 12 DAL09 22 WAIT 32 MIB06 

3 DAL00 13 DAL10 23 MIB15 33 MIB05 

4 DAL01 14 DAL11 24 MIB14 34 MIB04 

5 DALQl2 15 DAL12 25 MIB13 35 MIBQl3 

6 DALQl3 16 DAL13 26 MIB12 36 MIB02 

7 DAL04 17 DAL14 27 MIB11 37 MIB01 

8 DAL05 18 DAL15 28 MIB10 38 MIB00 

9 DAL06 19 VSS 29 MIB09 39 V DD 

10 DALQl7 20 04 30 MIB08 40 01 

FIGURE 9-1. CP1611B DATA CHIP PIN ASSIGNMENTS 

PIN NO. SIGNAL PIN NO. SIGNAL PIN NO. SIGNAL PIN NO. SIGNAL 

1 03 11 MIB16 21 02 31 MIB07 

2 V BB 12 REPLY 22 VCC 32 MIB06 

3 13 13 WAIT 23 MIB15 33 MIB05 

4 12 14 DOUT 24 . MIB14 34 MIB04 

5 11 15 WB 25 MIB13 35 MIB03 

6 10 16 lACK 26 MIB1? 36 MIB02 

7 MIB17 17 SYNC 27 MIB11 37 MIB01 

8 BUSY 18 DIN 28 MIB10 38 MI BQlQl 

9 COMPUTE 19 VSS 29 MIB09 39 V DD 

10 RESET 20 04 30 MIB08 40 01 

FIGURE 9-2. CP1621B CONTROL CHIP PIN ASSIGNMENTS 

PIN NO. SIGNAL PIN NO. SIGNAL PIN NO. SIGNAL PIN NO. SIGNAL 

1 03 11 MIB16 21 02 31 MI BQl6 

2 V BB 12 MIB17 22 VCC 32 MIBQl5 

3 NC 13 MIB18 23 CHIP SELECT 33 MIBQl4 

4 NC 14 MIB19 24 NC 34 MIB03 

5 NC 15 MIB2Ql 25 NC 35 MIBQl2 

6 NC 16 MIB21 26 MIB11 36 NC 

7 MIB15 17 NC 27 MIB1Ql 37 MI BQl1 

8 MIB14 18 NC 28 MIBOO 38 MIBQl0 

9 MIB13 19 VSS 29 MIB08 39 V DD 

10 MIB12 20 04 30 MIB07 40 01 

FIGURE 9-3. CP1631B MICROM CHIP PIN ASSIGNMENTS 
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