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PREFACE 
8300 BUS STRUCTURE 

The 8300 System is a multiple processor system: The Central 

Processor (CP) is the master procesDor; the Input/Output Processors 

(IOPs) receive commands from the CP and control their attached 

perjpheral devices. All pro~cssors (Cr and IOPs) have the ability 

to access Main Memory by using the Main Memory bus (MMB), ProceRsor 

requests for Main Memory operations are handled one at a time based 

on the high priority requesting processor at the start of each Main 

Memory cycle. A Main Memory operation consi~ts of a transfer of one 

or two bytes betwe~n Main Memory and a procesgo~. 

A second bus, the Processor Communication Bus (PCB), allows the 

CP to send commands to any particular IOP. The PCB also provides an 

interrupt capability; after an IOP requests CP service, the CP can 

KLrtllL Lid.b ~~uu.i.11~ lut~rrupL requE:!Bt by using the l't,;tS, 

An IOP has one or more peripheral devices attached to it. ·The 

ror performs control and data transfer operations involving these 

attached devices as directed by CP commands. CP commands are issued 

to a pnrt~cular peripheral device; the command is performed by the 

lOP to which that device is attached. In general, an IOP has only 

one type of device attached to it. (This allows the IOP microprogram 

to be shared among the attached devices.) 
. > 

The following conventions are used in ~his manual and schetllcltics: 

1. Each term is characterized by its logi~ active level-1.e. 

2. 

TOl • Time one active high (+3.BV) 

TOl • Time one active low (OV to +.4V) 

All logic device symbols reflect that devices stand-alone function 

not its function within a particular circuit. 
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3. Logic 'l! • +3.BV • HIGH 

Logic 'O' • OV + .4V • LOW 

4. The weight (binary) of bits within registers and b~sses is bit-0 

being the most significant bit. 'nle higher the bit number, the 

lower its value-i.e. 

(MSB) RO 

(MSB) ICO 
RlS (LSB) 

ICll (LSB} 

Sa. All signals crossing an interface (DAI, DLI, PCBI) are active 

high +3.BV. 

Sb. All strobes ctossing an interface are active low OV +.4V. 

NOTE: 
These levels are reconmended but not the rule. 
Any differences will be pointed out where they 
occur. 

6a. ~- Finger connections (bottom of board) 

6b. ~- Connector connections 
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o.o 
IOP DEVICE ADAPTER SUB-SYSTEM OVERVIEW 

DESCRIPTION: 

The Device Adapter (DA) is that part of the Input/Output Processor 

(IOP) that adapts the peculiar requirements of a peripheral device to 

the requirements of the Microprocessor (MP) within the IOP . 

GENERAL RELATIONSHIP: 

The Il~ exchanges information with the CP through main memory via 

a set of lines called the Main Memory Bus (MMB). The CP and the TOP 

engage :l.n dialog via a set of lines called the Processor Con11T1unication 

Bus (PCD). The significance of these two sets of lines is qualified 

by two interfaces: the PCB interface (PCBI) and the MMB interface 

(MMBI). These two interfaces are integrAl components of the IOP as 

cl'ra th.:: Device Levi::l InLe:i·fb(;~ (DLI) wh.tc.:i1 4ualifies signals betw~en 

the devices and the IOP, and the Microprocessor (MP) which acts as the 

controller of these interfaces. 

An !OP relieves the CP of the burden of communicating directly 

with I/O devices and permits data 1irocessing to proceed concurrently 

with I/O operations. An IOP provides the logical capabilities necess:-.r)' 

to operate and control an I/u device. The IOP decodes the commands 

fetched from main memory and interprets them for the particular type 

of device . 

Input/Output Devices 

Input/Output devices provide external storage and a D1enns of 

communication between data processing systems or between a system and 

its environment. Input/Output devices include such equipment as work

stations, ma~netic tape units, disks, typewriter-keyboard devices, 

printers, and teleprocessing devices. 
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l111'ut/Uutput Device Identific:.Jtion 

The WANG 8300 system is capable of connecting 8 input/output 

pt·ocessors with each processor capable of connecting up to 16 I/O 

devices. (This configuration may b~ altered in future models.) 

Each device bas a one byte (8 bit) device address. All values 

from 00 to FF arP. legitimnte device addresses. The priority of interrupt 

service is determined by the physical position of the IOP in the hardware 

configuration and not by the device address. 

An 8-bit device address consists of an IOP portion and a device 

portion. The bit assignments are IOP dependent. The curTent IOP 

supports from four to sixteen devices; the high order four or six bits 

are therefore the IOP address and the low order two or four bits are 

the device address.* 

The following block diagram shows the functional relationship of 

major compone11ts within the IuP. The rela tlonship or L:iu~ IOP (~huwu 

inside of box) with Main Memory, CPU and the Peripheral Device{s), is 

via the MMBI, PCBI and DLI respectively. 

The CPU converses with Main Memory via the MMBI as does each IOP. 

However, the block diagram shows a separate path to clarify the functional 

data path and control path of the 8300 system. 

The device adapter (DA) contains hardware required to interface 

the peripheral device(s) to its controlling microprocessor. The DA 

resides in the same module as the MP but is part of the peripheral 

device's hardware. This module is referred to as the IOP and the 

peripheral device(s) as the IOP device(s). 

Yor further description, operation and eventual hardware breakdown, 

ref er to the section indicated below each title. 

* IIII DDDD = 16 DEVICE IOP 

IIIIII DD E 4 DEVICE !OP 

I • IOP ADDRESS 

D • DEVICE ADDRESS 

2 

• 

• 



'· • 

r--- l MAIN "MFMO~'f' 
iE---· -----·- ~-----------

rFN~..,, .rr.O'r":"t'i1'1t:: 
l/N1r 

row '1.J!':T>J'" '"'""~'''"'r10A1 
~.rr :srr: r•oAJ /suasrc770A1 /z,rsa11"T/1/M/ 
11r,OoM rAC"N r,1rz£ 

MM 

~ 1 /l'"NEIPAI ZJ()l)t' 

(.N"Ylt:C 0) 

PDO 

• 

MAIN MFMOlfr JJU:S 
IO~IC 

"MME! 

rrJr1PHE7"'A£ J)E1I": 

(A:nl1u· ') 

PD! 

l'PLJ 
------·-------- o. I 

~ 

_____ LL-----~ P'1"A"rt ZJUS T~ 

MP 

.DA 

1-
-l ~ 

1"Crr:s.!:0Jr t:'OMMUNl
r,,,r10N J!JUS 'OGIC 

PCBL 

.D£YICC ,/IDl1'"TT~ 
INTr/rF,/l("C 

D/lJ 
s1t:r10AJ 

/·3 

/.O 

I 
I 

I 

I 

u,,. ro • :ro,,.s • 
MR.JUMU.VI C'O.Vlf",1&U~ r10N 

PC BI (r/l"ce~o,.. '-----< t:DIWIWUNK"/rrU>N J!'fU5 IAnrHFA('I 



- HARD/FLOPPY DISK DEVICE ADAPTER -
(~ /c; -7111 -pi:, 13..,,~cJ) 

1.0 

DESCRIPTION: 

The Device Adapter converts the peculiar requirements of a par

ticular peripheral device to the requirements of the Microprocessor 

portion of the 8300 IOP. 

The Microprocessor commands the peripheral device, via the Device 

Adapter, and supplies various status associated with the peripheral and 

any other special information that might be required by the peripheral. 

In the case of the Hard/Floppy Disk Device Adapter, the following 

tasks are performed by the Device Adapter: 

A. nT~K S'F.LECTION - i.e •• one of four possible disks is selected 

gai.n'lng access to the DLI port and made available for all data 

transfers and control informati~n both to ~nd from the micro

processor via the DLI and DAI. 

1. This selection is a direct function of the MP's pointer 

register. 

PTO PTl 

0 0 • SEL 0 (Hard Disk) 

0 1 • SEL l (Hard Disk) 

1 0 • SEL 2 (Hard Disk) 

1 1 • FLOPPY DISK SELECT 

2. This select shifts the device adapter's internal operation 

of its clock to accomodate both the hard and floppy disk's 

different data rates. 
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B. INSTRUCTION DECODING - 1.e., to detennine what task is to be per

formed and the execution of that task satisfying the requirements 

of tl.•e disk and microproc:essor/microp1·ogram: 

1 ·· Format 

2 - Write 

3 - Read 

4 - Write/Verify 

5 - Va~ious Status Information 

Transfers and Operations 

C. DIRECT MEMORY ACCESS (DMA) - i.e., the DA handles the actual main 

memory transfer by its hardware rather than the microprocessor by 

its Control Memory Bus Interface microinstruction (CMBI). This 

results in a fast memory access required by the disk in order to 

read or write consecutive bytes. 

l. There are 256 consecutive data bytes in each sector of the 

disk. 

2. The microprocessor, after iss~ing the appropriate command to 

the device adapter, waits for the input bit to be set by the 

device adapter (signalling the end of the operation) before 

issuing any more conunands to the device adapter • 

The following block diagram shows the relationship between major 

elements within the Device Adapter. 

For further description of each element, refer to the section 

indicated in eacla element block. 
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M~U:MONIC LIST: 

ACC & ACC -ACK & ACK 

ADDR ACK 

ADO 

APL 

BCK & BCK 

BSR 

CCE -COLI 

CIS 

CP 

DCE 

DCP 

DDS 
-DLS 
DOS -DSMH -DSML -DSO & DSO 

DO (HSB) ++lUr(LSB) -EOF 

EOR 

EOW 

FCS 

FDP 

FIR & FIR -FMC 

FRN 
-HPS 

1.2 
DEVICE ADAPTER 

• DIABLO & SHUGART -

• Allow Cyclic Check 

• 'A' Clock 

• Address Acknowledge 

• Allow DLI Instruction 

· • Allow Parallel Load 

• 'B' Clock 

• Bit Serialization Register 

• Cycle Check Error 

• Control Device Level lnterf ace Microin1truction 
• Cuntroller In Sync 

• Central rrocessor 

u Cl~a1 Su1i~lizat1on KegjAter 

• Data Compare Error . 

• Data Comparison 

• Disk Direction Stored 

• Device Level Selec.t 

• Data Order Stored 

• Device Strobe MDRH 
• Devic~·Strobe MDRL 
• Disk ·:rube Out 

• Data to MP Board MDRll & MDR1 Input Multiplexers 
• End of Format 

• End of Read 

• End of Write 

• Format Command Stored 

• Floppy Disk Pointer 

• File Inoperable Reset 

• Format Command 

• File Ready 

• Head Position Select 

7 



iiif6 
HTS 

HWl6 
INc2 
IN I TE 

INIT2 

IOP 

ISS 

IWC 

LAI 

LIS 

LSR 

LTZ 

MDHO (MSB) 

MDLO (MSB) 

MM 

HP 

MXA 

...+ MDH7 

..-. MDL7 

• Hardware Read 16 

• Hardware Transfer Stop 

• Hardware Write 16 

• Second Increment Pulse to MAR 

• Latched Initialize 

• Initialize 

• Input/Output Processor 

• Inhibit Serialization (Reg.) Shift 

• Increment Write Clock 

• Logical Address Interlock 

• Load In Status 

• Load Serialization Register 

• Load Track Zero 

(LSB)• Memory Address Register High 

{LSB)• Memory Address Regiater Low 

• Main Memory 

• Microprocessor 

• BSR Multiplexer Select 'A' 

MXB • BSR Multiplexer Select 'B' 

PTO (MSB) ...+ PTl (LSB) • Pointe~ Register Bi~s 
----.. 

RCS & RCS • Read Command Stored 

RDC • Read Command 

RDI & RDI • Read Data In 

RFD • Resync For Data 

RGA • Read.Gate Allow 

ROS 

RSA 

RST -RTS 

RVC 

SCA 

SCD 

SDD & SDD 

SDI 

SDO 

SDP 

SDR 

SEL 0 

• Reset Operational Status 

• Resync Allow 

• Restore 

• Ready To Seek 

• Read & Ve~ify ComL•and 

• Strobe Cylinder Address 

• Sync Character Detected 

• Strobe Disk Direction (Step In/Out) 

• Serial Data In 

• Serial Data Out 

• Select Disk Platter 

• Shift During Re3d 

• Pointer to Drive #0 
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SEL 1 

SEL 2 

sue & SHC 

SHP & SHP 

SHW 

SIE 

SINPT & s;.NPT 

SIS 

SOP 

sos 
SPP 

SRR 

SRT 

ssn 
STG 

STP 

SI (MSB) ~ SS (LSD) 

• Pointer to Drive #1 

• Pointer to Drive #2 

• Strobe Header Cl1eck 

• Strobe Head Position (Up/Down) 

• Set Write Request 

• Seek Incomplete 

• Set Input Bit 

• Step Into Sixteen 

• Surf ace Operation 

• Step Out of Sixteen 

• Sector Pulse Present 

• Set Read Request 

• Start Read Termination 

• Shift Serialization Register 

• Shorten The Gap 

• Step-Floppy 

• Sector Address from Disk 

TAO (MSB) ~TAB" (LSD) • Track Address Bits (Cylinder) 

TIS • Time In Sync 

T02, T04, 1'06 

ULH 

WCE 

WDC 

WGT 

WMR 

WPT 

WTG & WTG 

' 
• Subcycle Times (MP) 

• Upper-Lower Head 

• Write Check/File Inoperative 

• Write Data Command 

• Write Gate Time 

• Write Men~ry Request 

• Write Protect 

• Write The Gap 

9 
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1.3 

- DEVICE ADAPTER INTERFACE (DAI) -

The Device Adapter Interface is that set of interconnecting lines 

between the Microprocessor and the Device Adopter. 

The following is a description of DAI terms and their pin assign

ments peculiar to the Hard/Floppy Disk Device Adapter sub-system. For 

a complete list of the DAI terms, see the 8300 MP Manual. 

HDRH OIDHO -+-+ HDH7) & MDRL (HDLO-+-+ HDL7) LINES - HP TO DEVICE 

These sixteen lines come from the microprocessor and are direct 

outputs from the MDR (Memory Data Register). Since the microprocessor 

is utilizing the MDR for its operations, the information across these 

lines can only be considered valid when the appropriate strobe and command 

is sent from the controller to the peripheral device. In addition, these 

l.iucb wa.y al.so be uzcd ::o po.:::::: :::o=:mdf:, (b:!. ts within the 'M['IF) tn ~hP. 

Device Adapter in conjunction with the microprocessor CDLI command. 

DllTA ( DO-Dl S) LINES - DEVICE 7'0 MP 

These sixteen lines come from the Device Adapter and are utilized 

to pass data and status back to the microprocessor. 't'hese lines are 

used in conjunctio~ with the SELECT MDR, STROBE ~IDRH and STROBE MDRL 

lines. These lines must have the same truth as the bits required in 

the MDR. 

NOTE: 

(D0-07) = MDRH (DS-Dlf} = MORL 

CONTROL OPERAND OF CDLI INSTRUCTIONS (RS-RlS) 

These eleven lines come from the microprocessor and signal the D~1ice 

Adapter as to the operation it is requested to perform. The usage of 

these bits vnries from one machine to another and will be specific 1 il the 

device type to be connected. These lines may be bit significant or binary 

coded. 

10 
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If the in~truction is transferred to the Device Adapter via the MUR 

rc~ister(s), the control operand of the COLI instruction will retn.'.lir. un

defined. 

CDLI LINE (CDLI) 

This line, (active low) is valid from T02 (CLOCK TIME 2) throughout 

the execution of the microinstruction and is present when the microcode 

issues a conunand to the D.A. At this time, the D.A. electronics can 

interpret its instruction from either the eleven instruction lines or 

via the output lines from.the MOR. The method used for implementation 

can be made by the hardware designer and the microprogramrner at the time 

of the dcsien conception. 

POIN'l'ER LINES (PTO AND PTl) 

These two lines come from the microprocessor and indicate to the 

device electronics the peripheral port which is of interest to the 

mir.roprocessor. 

T02-T04-T06 

These lines come from the microprocessor and are the timing signals 

associated with microinstructions coming across the Device Adapter Inter

face, 

SELECT MDR (DLS) 

This line is generated by hardware within the Device Adapter. 

When the D.A. electronics b required 

to put data or status into the MDR (under command of the microprocessor), 

this line must be brought low. At some time later, the appropriate MOR 

scf3Tllcnt (either HORII or MDRL) must be strobed. 

11 
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S'I'ROBE MDRJI (DSHH), MDR.L (DSML) 

These two lines are under control of the D.A. electronics. 

When data or status is loaded into 

the MDR, and at sometime after the MDR selection, the appropriate MDR 

strobe will be made. 

INPU'I' RESPONSE ( SINPT) 

This line is generated within the Device Adapter. 

This line is used to set the INPUT bit 

in the microprocessor, thereby indicating a response from a device operation. 

The microcode within the microprocessor tests this bit periodically for 

a device response. The purpose of this bit is to allow for asynchronous 

operations within the peripheral device to become synchronous with the 

microprocessor. The minimum pulse width for this signal is 25 nanoseconds. 

INITIALIZE (INIT2) 

This line will be 0 volts during power-up time for 50 microseconds, 

then changes to +3.8 volts. An active low pulse of 50 microseconds will 

also be generated via the prime button. 

-HARDWARE rmITE SIXTEEN (HWl6) 

This line must be held at +3.8V when not in use. When this line is 

brought to O volts, th~ memory controller takes in the contents of the MDR. 

HARDWARE READ SIXTEEN HRl6) 

This line must be held at +3.8V when not in use. When this line is 

brought to O volts, the memory controller loads the data from the main 

memory into the MDR. 

12 
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HARTX'/llRF. STATUS BIT l (HSBl) 

'l'his line will be 0 volts normally at1d will go to +3.8V when a 

memory parity error occurs. This bit will become a status bit in the 

operational status byte. 

HARDWARE STATUS BIT 2 (HSB2) 

This line will be 0 volts normally and will go to +3.8V when an 

illegal address has been sensed by the memory controller. This bit will 

become a status bit in the operational status byte. 

HAR IM ARE TRANSFER STOP (HTS) 

This l:i.ne wl11 be ~-3. 8V normally and will go to 0 volts when either 

illegal address or parity error is detected, During a direct transf~r, 

a O volt on this line will ci!use an immediate termination of the dit'ect 

transfer operation. 

RESET OPERATIONAL STATUS (ROS) 

This line ts 11111(.,,/(y llt +3.8V.,· A Ill volt level on 

this line causes hardware status bits 1 and 2 to be reset. 

MAR INCREMENT (INC2) 

This line is normally +3.8V. Wl'ien this line goes to OV and then 

bgck to +3.SV, the memory address counter is incremented for the second 

time duri.ng the current Me'Y!Oi'2 t O P~A-i70AJ• 
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SYS'l'EM INI'1.'IALIZE 

This line is normally +3.SV. When this line goes to OV, it indicates 

a master reset (power-on) from the system. This line will also go to OV 

whenever the power supply voltages become out of tolerance. 
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l. 4 

- DEVICE LEVEL INTERFACE (DLI) -

The Device Level Interface consists of three connectors. Two 

connectors are used for connection to the first 10 megabyte hard disk. 

One or two more hard disk(s) can be attached in a daisy chain conf igur

ation - i.e., the second hard disk can be attached to the first, and the 

third hard disk can he attached to the second disk. 

1. The last hard disk must be terminated. If only one hard disk is 

used, it must be terminated. 

' 2. Connecto~s number one and two are used for the hard disk DLI: 

Connector No. 1 (Jl) 

Connector No. 2 (J2) 

The floppy disk has its own conn~ctor on the device adapter. Only 

one floppy disk can be attached - i.e., no daisy ~hain configuration of 

floppy disks is allowed. 

1. The floppy disk DLI, for the most part, is in a parallel c.onfigur

ation with the DLI for the hard disk and uses the teminator block 

physically mounted on the hard disk. Those signals peculiar to the 

floppy disk only are terminated within the floppy disk. 

2. 

or multiple 

, ("single 

(up to 3 max.) hard disk configuration may appear without _, 
a floppy disk1 D~ A PtAJt>Pt' lo-n!rifl.J\ 

p,µy CoN'\6\flA"'MCL) FUJPP'f' fn-Jb 
~b bt~S'J D~ 
~b ,b,~,~. 

The connector with no subscript is used for the floppy disk DLI: 

~ • Connector for the Floppy Disk 

The following Device Level Interface description is broken int~ 

two parts. The f:l.rst is the DLI for tha Hard Disk(s) and the second 

iR the DLI for the Floppy Disk: 

17 



- SIGNAL DESCRIPTION -

(HARD DISK) 

- LINES TO THE DISK DRIVE -

UNIT SELECT LINES (SELO, SELl, SEL2) 

There are three unit select lines going out of the interface port. 

They are used to select one of the three possible drives in the daisy 

chain configuration. A value of 'O' in one of these lines selects the 

corresponding unit. The selected drive has access to the interface port 

and all signals to and from the interface apply to this drive. 

DISK SELECT (SDP) 

This line selects the removable or the fixed cartridge. A 'O' 

selects the removable cartridge; a 'l' selects the fixed cartridge. 

HEAD C::'F:T.'F:r.'1' (ULH) 

This line selects the upper or ·l,oy·1er head of .the selected c:artridge. 

A 'O' selects the upper surface head; a '1' selects the lower surface 

head. 

TRACK ADDRESS (TAO (MSB) +-to W (LSB)) 

These 9 lines active low (OV, .4V), are used to specify a cylinder 

address where the heads arl! to be moved. These lines are strobed with 

the strobe line and stored in an internal address register (disk drive). 

DISK STROBE OUT (DSO) 

This line is used to enable the track address and the restore lines. 

This' line is made 'O' when the appropriate signal lines have settled and 

must be held until at least the leading edge of the address acknowledge 

signal is detected. 
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RESTORE (RS'l') 

This line is used to position the heads at cylinder O. After 

completion of this command the heads are located over cylinder O, and 

the seek incomplete condition is reset. This signal is active low 

(OV, .4V). This line must have settled before the application of DSO. 

WRITE GATE (WRITE GATE) 

This line turns on the write current in the selected head. The 

s:f.gna". must be applied at least 2 µsec prior to writing the first flux 

transition, and held for the entire duration of the write operation. 

This signal is active low (OV, .4V). 

*ERASE GATE (ERASE GATE) 

o~ 
This line turns~the erase current in the selected head. There is 

no built in delay of erase current. This signal is active low (OV, .4V). 

WRITE DATA AND CLOCK (WRITE DATA) 

This line accepts multiplexed data and clock pulses for double 

frequency or phase encoding type recording. Pulses must have a minimum 

width of 100 nanoseconds. Leading edges must have a transition time of . 

not more than 50 nanoseconds. Pulses are active low (OV, .4V). 

READ GATE (READ GATE) 

This line enables the read clock and read data output lines. The 

read gate must be held active during the entire read operation. This 

signal is active low (OV, .4V). 

*Erase Gnte c.:iuses a "trim" erase of the data track. The hard disk 

does nc.ot have erasing of the entire track capability. The "trim" eras~ 

limits the width of a track by erasing all signals that are wider than 

the specified track width. (See Diablo Series 40 Maintenance Manual.) 
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FILE READY (FRN) 

A 'O' on this line indicates that all the following conditions 

are met (normal operation): 

Power On 

Dust Cover Loaded* 

Equipment Drawer Closed 

LOAD/RUN Switch In RUN Position 

Start Up Cycle Complete 

Write Check False 

File Select True 

-READY TO SEEK (RTS) 

A 'O' on this line indicates that the drive is in th·e file ready 

condition and is not in the process of executing a seek operation. 

Following a seek command to a valid address (other than the present 

address), or a restore command, this line will go to 'l' within 1 µsec 

after detecting the leading edge of the strobe signal. The return of 

the line to 'O' indicates that the seek or restore operation has been 

completed. This line does not change when· the present cylinder is 

addressed. 

ADDRESS ACKNOWLEDGE ( ADDR ACK) 

A 'O' on this line indicates that a command to move the heads 

has been accepted anq that execution of the command has started. An 

address acknowledge is issue~ 500 nanoseconds after the leading edge 

of the strobe is detected even if there is no change in the address. 

This signal is a 1 µsec pulse. The pulse will not be issued if a 

logical address interlock condition is detected. 

*On the Diablo Series 40 Disk Drive, the removable disk platter need 

not be installed, just the dust cover, to obtain a file·ready condition. 
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WGICAL ADDRI:SS INTERLOCK (I.T•I) 

A 'O' on this line indicates that a track address greater than 407 

has been received and that the command is not executable. The seek 

command is suppressed. This line is re~et ('1') with the next valid 

address acknowledge or with the restore command. 

SEEK INCOMPLETE (SIE) 

A 'O' on thts line indicates that a malfunction has caused an in

complete seek operation. This value will be maintained until a restore 

conunand has been received and executed by the disk drive. 

SECTOR MARK (SPP) 

A 'O' on this line indicates that a sector slot passes by the 

transducer. This line is pulsed for 40 ~sec when this condition 

arises (24 times per revolution). 

SECTOR ADDRESS (Sl(MSB) ++SS(~~)) 

These 5 lines define the sector address under the read/write heads. 

The selected address counter is advanced by the leading edge of the 

sector mark and is reset to zero by the leading edge of sector mark 

following the j.nrlex mark. The value of the sector counter is not con

sidered valid for the duration of the sector mark pulse. These lines 

are active low (OV, .4V). 

READ CLOCK (READ CLOCK) 

This line provides clock pul~es which have been separated from the 

data signals during reading. Pulse width is nominally 100 nanoseconds, . 
with a minimum of 50 nanoseconds and a maximum of 150 nanoseconds. 

The negative going edge must be used for referen~c. This pulse is 

active low (OV, .4V). 
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READ DATA (REl'lD DATA) 

This line is used for output data signals which have been separated 

from clock signals during reading. Pulse width is nominally 100 nano

seconds, with a minimum of SO nanoseconds and a maximum of 150 nano

seconds. The negative going edge of this signal must be used for 

reference. This pulse is active low (OV, .4V). 

WRI'l'E CHECK (WCE) 

A 'O' on this line indicates that one or more of the following 

conditions exist: 

- Write current without a true write g~e line 

- Write and select on both heads 

- ~rase current without a true erase gate line 

- Erase gate line true without erase current 

- Significan~ volta~~ dro~ 

All external commands are suppr~ssed. This 11ne is reset by either 

adjusting the voltage or by turning the LOAD/RUN switchlto LOAD and back 

to RUN. 
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- SICNAL DESCRIPTION -

(FLOPPY DISK) 

- LINES TO THE DISK DRIVE -

-FLOPPY DISK SELECT (FDS) 

This signal active low (O.V, .4V) selects the floppy disk drive 

for access to the Device Level Interface port and all signals to and 

from the interface apply to this drive. 

-DIRECTION SELECT (DDS) 

This interface signal defines the direction of motion of the R/W 

head when the Step line is pulsed. A logical one level defines the 

direction as out and if a pulse is applied to the Step line the R/W 

head will move away from the center of the a~sk. Conversely, if this 

input is a logical zero level is applied the direction of motion is 

defined as in and if a pulse is applied to the Step.line the R/W head 
I 

will move towards the center of the disk. 

STEP ( S'l'P) 

This interface line is a control signal which causes the R/W head 

to move with·the direction of motion defined by the Direction Select 

line. The a~cess ~~tion is initiated on each logical zero to logical 

one transition of this signal. 

HEAD LOAD (HPS) 

This interface line performs two functions. One function is to 

remove the 24 volts from the stepper motor which will allow the motor 

to run cooler. This means that in order to step, the Head Load line 

must be a logical 0 level. It also is a control signal to an actuator 

that allows the disk to be moved into contact with the R/W head before 

a Read/Write operation. A logical one deactivates the head load actu3tor 

and causes a bail to lift the pressure pad from the disk, which removes 
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the load from the disk and R/W head. A logical zero level on this signal 

activates the head load actuator and allows the pressure pad to bring 

the disk into contact with the R/W head with the proper contact pressure. 

FILE INOPERABLE RESET (FIR) 

This interface line provides a direct reset on the File Inoperable 

latch. 'l'he inactive level for this signal is a log:lcal one. The File 

Inoperable condition is reset with a logical zero level applied to this 

line. 

NOTE: 

Under no circumstances ~hould the drive be 
operated with this signal at a constant logical 
zero level since all data safety circuitry will 
be defeated. 

WRITE GATE (WRITE GATE) 

Write Gate is an interface line which controls the writing of data 

on the disk. A logical one level on this interface line turns off the 

current source to the write drivers along with the current sinks for 

the write current. A logical zero level on this line enables the write 

current source and current sinks, and disables the stepping circuitry. 

WRITE DATA (WRITE DATA) 

This interface line provides the data to be written on the disk 

and each transition from the logical one level to logical zero level 

causes the current through the R/W head to be r~versed. Input impedance 

for Write Data = 1000. 

---- Lu0~5 FRotv< 1t+E- b, S1~ \;)t2iV~ -
INDEX (INDEX) 

This intcrf ace signal is provided by the disk drive once each 

revolut~on (166.67 ms) to indicate the beginning of the track. Normally, 

25 
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this signal is a logical one level and makes the transition to the 

logical zero level for a period of .4 ms once each revolution. 

'!'RACK 00 (LTZ) 

The Track 00 interface signal indicates when the R/W head is 

positioned at track zero (the outer most data track) and the access 

circuitry is driving current through phase one of the stepping motor 

(Head Load signal true). This signal is at a logical one level when 

the R/W head is not at track zero and is at a logical zero level when 

the R/W head is at track zero. 

FILE INOPERABLE (WCE) 

File Inoperable is the output of the data safety circuitry and is 

at a logical zero level when a condition which jeopardizes data integrity 

has occurred. 

File Inoperable • (Write Gate Write I Sense) 

+(Write Gate Write I Sense) 

+(Write Gate Head Load) 

+(Write Gate Write Data) 

+(Write Gate Door Closed) 

SECTOR (SECTOR) 

This interface signal is provided by the disk drive 32 times each 

revolution. Normally, this signal is a logical one level and makes the 

transition to the logical zero level for a period of .4 ms 32 times 

each revolution (32 sectors). 

WRITE PROTECT (WPT) 

This interface signal is provided by the disk drive to allow the 

user an indication when a write protected diskette is installed. The 

signal is a logical one level when the diskette is not protected <1 nd a 

logical zero when it is protected. 
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SF.PARATED DATA (READ DATA) 

Separated Data is the interface line over which r~ad data is sent 

to the using system. The frequency modulated signal written on the 

disk is demodulated by the drive electronics and the data pulses are 

sent to the using system over this interface line. Normally, this 

signal is a logical one level and each data bit recorded on the disk 

causes a transition to the logical zero level for 200 ns. 

SEPARATED CLOCK (READ CLOCK) 

The Separated Clock interface line provides the using system the 

clock bits recorded on the disk in frequency modulati0n recording. The 

levels and timing are identical to the Separated Data line except that 

a separated clock pulse occurs each 4~s, instead of in multiples of 

4~s. 

This interface signal is provided to indicat~ to the user that a 

diskette is installed properly, the door is closed, and that two index 

or sector pulses have been detected (diskette is turning). This signal 

is at a logical one level when not ready and is at a logical zero level 

when ready. 
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1.5 

- OPERATIONAL SPECIFICATION -

This section contains the operational specifications for the three 

10 Megabyte Hard Disks and the 3.1 Megabit Floppy Disk controlled by the 

Device Adapter • 
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1.5 

·· HARD DISK - 100 MEGABIT (10 MEGABYTE -) 

GENERAL DESCRIPTION: 

* The Diablo Series 40 Disk Drive Model 44 is presently being used. 

It uses both a fixed disk and a removable top loa.dir.g disk cartridge, 

for a capacity of 100 megabits of data at a recording density of 2200 

Bits Per Inch (BPI) and an average access time of 38 milliseconds. 

Each disk has an upper and lower surf ace uf 408 tracks each with a 

lateral track density of 200 Tracks Per Inch (TPI), giving the disk 

408 cylinders of 4 tracks each. There are 24 sectors per track yielding 

a total of 39,168 sectors, with 256 {8-bit) bytes of usable data per 

sector. 

NOTE: 
Hard Disk is the general tenninology given to 
a disk system wher~ the Read/Write head{s) do 
not make physical contact with the recording 
media. This recording media is of a close . 
tolerance unflexable material. 

*See Diablo Systems Incorporated, Se~ies 40 Disk Drive Maintenance 

Manual. ('Diablo' is a trademark of Diablo Systems Incorporated.) 
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DISK FORMAT 

Each track on the disk is divided into 24 sectors of equal length. 

Each full track rotation is approximately 25 milliseconds for the 2400 

RPM drive. The following diagram illustrates the details of the track 

sector. 

PREAMBLE SYNC l HEADER GAP SYNC 2 DATA FIELD CRC POSTAMBE 

Preamble - This field is created during a format operation. It starts 

at the leading edge of the sector ~ark and consists of 20 bytes: the 

first nineteen bytes are 0 (all clotk bits), the first 6 bits of the 

twentieth byte are O, the last two bits are '11'. This field is used 

to switch the head to read the sync 1 character during write, read, 

and read/verify operations. 

Sync l - This field is contained in the preamble. It consists of three 

bits (011). The interface detects a Ulland prepare~ Lu read the header. 

Header - This section contains information identifying the sectar as 

cylinder, head, disk, and actual sector address. It is created as a 

result of the format command. It is read and compared with MDR for 

write, read, and read/verify operations. 

The foll.owing diagram describes the 16 bits of the header: 

Tl T2 T3 T4 TS T6 T7 TB TO D H SO Sl 

0 ~~ 7/0 MDR.L 

(MEMORY DATA REGISTER) 

S2 S3 54 

7 

where Tl to TB • Low B order bits of cylinder address 

TO • High order bit of cylinder address 

D • Disk • 0 - Fixed disk 

• 1 - Removable disk 

H • Head • 0 - Bottom head 

• 1 - Top head 

SO to 54 a Sector Address 
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For the seek command, bits 9 and 10 are used to select the platter 

(fixed/removable) and the surface (top/bottom) respectively. 

Gap - The gap is composed of all clock bits but for the last two bits 

which are '11'. This field serves as a preamble to the data field. 

The gap is used for header comparison time and to allow for switching 

of the heads in the case of a write command. 

Sync 2 - The sync 2 character is the last three bits of the gan (011). 

These bits are created during a write operation. For read and read/verify 

operations, these bits designate the start of the data field. 

Data Field - This field contains 256 bytes of data. 

CRC - (Cyclic Redundancy Check) - This check is a 2-byte character 

created from the sync 2 character and the 256 bytes of the data field. 

Pcot:::.::blc - Thi~ ocction io compoocd of :ill clock bit~. 

FIELD 

Preamble & 

Sync 1 

Header 

Gap And 

Sync 2 

Data Field 

CRC 

Postamble 

TOTAL 

DISK SECTOR FORMAT 

2400 RPM 

64 i.isec 

6.4 usec · 

32 µsec 

819.2 µsec 

6.4 µsec 

113.66 usec 

1041.66 µsec 

32 

APPROXIMATE BYTES 

20 

2 

10 

256 

2 

35.5 

325.5 
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The Preamble and Postamble are necessary to absorb system tol-
erances. 

DISK SELECTION: 

The hard disk gains access to the conununication lines whenever 

the pointer register equai& (00, ·01 1 10). 

COLI - CONTROL nEVICE LEVEL INTERFACE 

Upon detection of this instruction, the MP sets the INPUT bit•O, 

alerts the DAI and allows the control operand. MOR (16 bits) and the 

pointer register (2 bits) are also allowed to the DAI. The *INPUT 

status bit is set to 'l' by the DAI in response. The status register 

must not be used as a B-bus operand when waiting for the DAI response 

(INPUT bit). 

FORMAT: 

0 5 15 

COLI 0 1 0 1 

I 
0 c c c c c c c c c c c 

CONTROL OPERAND 

OPERATION CODE 

*The input bit signals the completion of an assigned task by the Device 

Adapter. 
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The table below lists the 9 commands as specified by the control 

operand. 

BIT OPERATION 

8, 9 • 01 - Give Disk Status 

• 10 - Give Operation Status 

• 11 - Give Sector 

10 • 1 - Seek 

11 • 1 - Surf ace Operation 

12, 13 • 00 - Format 

... 01 - Write 

• 10 - Read 

• 11 - 1J~1te /Verify 

15 • 1 - Restore 

GIVE DISK STATUS (CDL1' 040) 

Upon detection of this command the interface strobes 5 bits of 

status reflecting the stat~ of the disk into BITS MDL3-MDL7. BITS 

MDL0-MDL2 are made 1. The ~tatus bits should be in MDRL by the start 

of the next instruction cycle. 

MDRL Bit Condition 

MDL3 • 0 - Address interlock 

MDL4 • 0 - File ready 

MDLS • 0 - Ready to seek/read/write 

~IDL6 • 0 - Seek incomplete 

MDL7 • 0 - Write check 

Address Interlock - This bit is set to 0 if the ueek commaud cannot 

be executed due to a track address greater than the number of tracks 

available. This bit remains 0 until a restore command or a seek cormnand 

to a valid address has been accepted. 
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File Ready - This bit is set to 0 if all cif the following conditions 
are met: 

(a) Power on. 

(b) Dust cover loaded. 

(c) Equipment drawer closed. 

(d) LOAD/RUN switch ita RUN position. 

(e) Start-up cycle complete. 

(f) Write check: ~o+. JttTIVS-(1'41'H~. 

Ready to Seek/Read/Write - This bit is set to 0 if the disk is not 

in the process of executing a restore command or a seek command to an 

address other than the one under the heads and if the File Ready bit 

is 0, The seek incomplete bit has no bearing on this bit. 

Seek Incomplete - This bit is set to 0 if a malfunction keeps the seek 

operation from completing, This bit remains 0 until a restore command 
has been co1npleted by the disk. 

Write Check - This bit is set to 0 if a malfunction occurs which may not 

be corrected by the microprocessor. 

GIVE OPERATION STATUS (CDLI 080) 

Upon detection of this command, the interface strobes 8 bits of 

status reflecting the result of a read, write, .~verify, or format 

operations into BITS MDL0-MDL7. The status bits should be in 1'IDRL by 

the start of the next instruction cycle. 

MDRL Bit Cond1.tion 

MDLO • 1 - File not ready 

MDLl • 1 - Parity Error 

MDL2 .. 1 - Illegal address 

MDL3 .. 1 - Data compare error 

1'IDL4 .. 1 - Header compare error 
MDLS .. 1 - CRC error 

MDL6 • 1 - Overrun 

1'IDL7 ... 1 - Mixed error 
35 



File Not Ready - This bit is set to 1 if the disk presents a file not 

ready condition (write check, etc.). 

Parity Error - This bit is set to 1 whenever the interface is in a 

direct memory access operation and the memory controller reports a 

parity error. 

Illegal Address - This bit is set to 1 whenever the interface is in a 

direct memory access operation and the memory controller reports an 

illegal address. 

Data Compare Error - This bit is set to 1 if during a read/verify 

operation the data does not compare equal. 

Header Compare Error - This bit is set to 1 whenever the interface 

finds that the header bytes in MDR are not the same as the header bytes 

in the sector. 

CRC Error - '.r~lis bit is set to 1 whenever the in~erf ace finds that the 

computed CRC is not: the same as the CRC written on the disk. 

Overrun - This bit is set to 1 if the interface is ready for a memory 

operatfon and the last memory operation has not completed. 

Mixed Error - l~is bit is set to 1 if any of the following conditions 

occur during an operation: 

(a) The interface cannot detect the sync 2 character. 

(b) There is still data to be read or written on the di~k 

and a sector mark has been detected. 

(c) No sector m~rk detected after a sector's time. 

Operation status mu~t be requP.Jced 4fter every surface operation. 

The microprogram should tim~ the duration of Lhe surface operation since 

a condition may arise which keeps the input bit from being set. 
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GIVE SECTOR (CDLI OCO) 

* The complemented value of the sector address lines is strobed into 

BITS MDL3-MDL7. If the sector is not valid {a sector mark pulse is present), 

BIT MDL2 is made O. BITS MDLO and MDLl are forced to 1. 

SEEK (CDLI 020) 

The low order 8 bits of track address are in BITS MDH0-MDH7, 

the high order track address bit is in BIT MDLO. The interface gates 

.the 9 track address bits to the disk address lines and issues a strobe. 

If the address is invalid, the address interlock bit will reflect this 

condition. If the address interlock bit is zero and the disk accepts 

the command, the address interlock bit is set to 1. 

If the command is accepted and the track address is valid, the 

heads ~=:: pla~ed ;it t.he selected track. 

If the disk is deselected, the platter select and surface select 

revert to the default values {fixed platter, bottom surface), Because 

of this, it is necessary to issue a seek conunand to select the platter 

and surface prior to a surface operation. After platter and surface 

selection, a six microsecond delay must be introduced prior to requesting 

the selected sector counter. Also a 25 microsecond delay must be intro

duced from the time of seek to the time of a surtace opei:ation. 

For the above four commands, the interface does not set the input 

bit to 1. 

FORMAT (CDLI 010) 

Upon re~eipt of this conunand, the interface awaits the leading edge 

of the sector mark pulse. Once it has sensed it, the format operation 

*The sector address is active low (OV, .4V). MDL3 is the most significant 

bit of the sector address. 
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starts. The interface creates the preamble, writes the sync 1 character 

and writes the header (from MDR-16 bits), The input bit is set to 1 

inunediately after the header is written. 

WRITE (CDL! 014) 

Upon receipt of this command, the interface awaits the leading edge 

of the sector mark pulse. Once it has sensed it, the write operation 

starts. The interface detects the sync 1 character and prepares to read 

the header. The read header is compared with the header in MOR (16-bits); 

if the headers do not match, a status bit is set in the operation status 

and no data transfer takes place. The input bit is set to l, and the 

operation is terminated. 

If the headers match, the interface writes the gap and the sync 2 

character designating the start of the data field. The MAR contains 

the memory address from which the data is to be transferred. The inter

face reads two bytes at t:he ti1ut= frum memocy, increm~,,tft the memory 

address by 2, writes the two bytes on the disk and computes the CRC. 

A ~otal of 256 data bytes are transferred from memory, the two CRC 

bytes are written, the interface sets thE: input bit to 1, and creates 

the postamble. 

READ (CDLI 018) 

Upon receipt of this command, the interface awaits the leading edge 

of the sector mark pulse. Once it has sensed it, the read operation 

starts. The interface detects the sync 1 character and prepares to read 

the header. The read header is compared with the header in MOR (16-bits); 

if the headers do not match, a status bit is set in the operation status 

and no data transfer takee place. The input bit is set to 1, and the 

operation is terminated. 

If the headers match, the interface detects the gap and the sync 

2 character and prepares to read the data. The MAR contains the memory 

address at which the data is to be transferred. The interface reads tvo 
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bytes at the time from the disk, computes the CRC, writes the two bytes 

into memory and increments the men~ry address by 2. A total of 256 data 

bytes are transferred to memory. The computed CRC is compared with the 

CRC read from the disk; if they do not match, the appropriate bit in the 

operation status reflect the condition. The interfa<::e sets the input 

bit to 1 indicating operation completion. 

The CRC is written and checked by the device adapter. The MP never 

participates in this activity, however, the MP is notified if a CRC error 

has occurred. 

w.t1T• {VERIFY (CDLI 016) 

Upon receip.t of this conunand, the interface awaits the leading edge 

of the sector mark pulse. Once it has sensed it, the operation starts. 

The interface detects the sync 1 character and prepares to read the 

header, The read header is compared with the header in MDR (16-bits); 

if the headers do not match, a status bit is set in the operation status 

anci uo data c.:u1u..,dL.i.1:tu11 Lakes ~lac~. The input bit is set to 1, ar,d th~ 

operation is terminated. 

If the headers match, the interface detects the gap and the sync 2 

character and prepareJ to read the data from the disk. The MAR contains 

the memory address from which the data is to be read. The interface 

reads 2 bytes from the disk and two bytes from memory at a time, compares 

them and if they ~r not match, the data compare error bit in the status 

register is set to J.. The CRC character is computed. This is done for 

all of the 256 bytes in the disk. The computed CRC is compared with the 

CRC read from the disk; if it does not match, the appropriate bit in the 

operation status reflects the condition. The interface sets the input 

bit to 1 indicating operation completion. 

If there is a sector mark pulse at the time one of the above four 

commands is issued, the interface sets the input bit to 1 before the 

next instruction cycle and tenninatcs the operation. 
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RESTORE (CDLI OOl) 

This caimnand causes the heads to be positioned over track O; once 

there, the seek incomplete indication is reset. 

The input bit is not set to 1 by the interface as a response to 

this co11111and. 
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- FLOPPY (315 KILOBYTE) -

GENERAL DESCRIPTION: 

The Shugart Floppy *Model 901 consists of one diskette, one read/ 

write head which makes contact with the diskette's surface during step 

and surface operations, one PCB which provides some elementary functions, 

and other controlling and controlled mechanisms. Most of the electronics 

necessary to control the floppy are also used to control the hard disks. 

There are a few components which are dedicated to the control of the floppy. 

One is the sector counter which is set to 0 by the leading edge of the 

index mark and incremented by 1 every time ;wo sector marks have been 

sensed. Another is the timer which is a la.I• ms (±10%) one shot that is 

controlled by a CDLI instruction and monitored through one bit obtained 

in MDRL after execution of the Give Disk Status CDLI instruction. The 

timer is used to fulfill three functions: to time the duration of step, 

to time the head settling time once at the desired track, and to measure 

the 50 ms interval that must be introduced between head load and valid 

data. Those components used to control the hard disk are modified 

frequency changed, counters preset, etc.) to control the floppy. 

NOTE: 
Floppy Disk is the general tenninology given 
to a disk system where the Read/Write head(s) 
makes physical contact with· a flexible re
cording media. 

*See Shugart Associates Diskette Storage Drive Manual SA900/901 

(Wang Laboratories Service Bulletin No. 46.2 starting on page 10). 

42 

(clock 
~ 

.. 



.. 

DRIVE CHARACTERISTICS 

Rotational Speed: 

Rotational Period: 

360 RPM 

166.72 ms 

Average Access Time: 424 ms 

Average Latency: 83 ms 

Data Transfer Rate: 31250 bytes/sec. 

Bit Cell Time: 4 µsec 

Track to Track Access Time: 11 ms 

Head Settling Time Once at Desired Track: 

One Sector's Time: 5.21 ms 

Number of Sectors Per Track: 32 

Number of Tracks: 77 

Sector Mark Duration: 400 µsec ± 200 µsec 

Index Mark Duration: 400 µsec± 200 µsec 

11 ms 

Direction Select Pulse Duration: l µsec min. 

Time Between Head Load and Valid Data: 50 ms 

Time Between Head Load and Step: 30 ms 

DISK FORMAT 

Each track on the disk is divided into 32 sectors of equal length. 

The present specifications require a sector to be 256 data bytes long. 

In order to allow for this, two sectors must be used, so in effect, 

each track is divided into 16 sectors each last~~1g 10.42 ms. The 

following diagram illustrates the sector organization. 

I PREAMBLE . SYNC 1 HEADER GAP SYNC 2 DATA FIELD CRC POSThMPLE 

Preamble - This field is created during a format operation. It starts 

at the leading edge of the sector mark and consists of 20 bytes: the 

first nineteen bytes are 0 (all clock bits), the first 6 bits of the 

twentieth byte are 0, the last two bits are '11'. This field is used 

to switch the head to read the sync 1 character during write, read, and 

read/verify operations. 
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Sync l - This field is contained in the last byte of the preamble. It 

consists of three bits (011). The interface detects a 011 and prepares 

to read the header. 

Header - This section contains information identifying the sector as 

cylinder, head, disk, and actual sector address. It is created as a 

result of the format command. It is read and compared with MDR (16-bit) 

for write, read, and read/verify operations. 

The following diagram describes the 16 bits of the header: 

0 

0 64 

First· Byte 

MDRH 

32 16 8 4 

'l'rack Address 

Valid Binary Values: 

Header 

7 

2 l 

0 

Second Byte 

MDRL 

0 0 0 0 8 4 

Sector Address 

Valid Binary Values: 

0000 0000 through 

7 

2 1 

0000 0000 through 

0100 1100 • 77 Tracks 0000 1111 ,. 16 Sectors 

Gap - T~e gap is composed of all clock bits but for the last two bits 

which are '11'. This field serires as a preamble to the data field. 

The gap is used for header comparison time and to allow for switching 

of the heads in the case of a WTite command. 

Sync 2 - The sync 2 character is the last 3 bits of the gap (011). 

These bits are created during a write oper~.tion. For read and read/ 

verify operations, these bi ts deoi}'natt? the start of the data field. 

Data Field - This field contains 256 bytes of data. 
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CRC - (Cyclic Redundancy Check) - This check is a 2-byte character 

created from the sync 2 chorncter and the 256 bytes of the data field. 

Postamble - This section is composed of all clock bits. 

The preamble and postamble are necessary to absorb system 
tolerances. 

DISKETTE SECTOR FORMAT 

FIELD LENGTH APPROXIMATE BYTES 

Preamble & Sync 1 640 µsec 20 
Header 64 ii sec 2 
Gap & Syric 2 640 µsec 20 
Data Field 8192 µsec 256 
CRC 64 µsec 2 
Postamble 820 µsec 25 

TOTAL 10420 µsec 325 

DISK SELECTION: 

The floppy disk gains access to the communication lines whenever 

the pointer register is 11. It is undesirable tc have the select/deselect 

function become the head load/unload function. The disk select sole 

function is to qualify the communication lines for floppy operations. 

COLI - CONTROL DEVICE LEVEL INTERFACE 

Upon detection of this instruction, the MP sets the INPUT bit•O, . 
alerts the DAI and allows the control operand. MDR (16 bits) and the 

pointer register. (2 bits) are '"" allowed to the DAI. The *INPUT 

*The input ult signals the complation of an assigned task by the ~evice 

Adapter. 
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staLus bit is set to '1' by the DAI in response. The status register 

must not be used as a B-bus operand when waiting for the DAI response 

(INPUT bit). 

FORMAT: 

0 5 15 

CDLI 0 1 0 l 0 C C C C C C C C C C C 

CONTROL OPERAND 

OPERATION CODE 

The table below lists the 12 commands as specified by the control 

operand, 

BIT 

5' 6' 7 

8, 9 

11 

12, 13 

OPERATION 

• 001 - Step 

• 111 - Head Control 

• 011 - Direction Select 

• 100 - Start Timer 

• 101 - File Inoperable Reset 

- 01 - Give Disk Status 

• 10 - Give Operation Status 

• 11 - Give Sector 

• l - Surf ace Operation 

• 00 - Format 

• 01 - Write 

• 10 - Read 

• 11 - .,.~/Verify 
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GIVC DISK SfATUS (CDLI 040) 

Upon detection of this cormnand, the interface strobes 5 bits of 

status reflecting the state of the disk into MDRL. The status should 

be in MDRL by the start of the next instruction cycle. 

MDRL Bit Condition 

MDLO • 0 - TrRck 0 

MDLl • 0 - Write Protect 

MDL2 - Undefined 

MDL3 - Undefined 

MDL4 • 0 - File Ready 

MDL5 • 0.- Timer Not Active 

MDL6 - Undefined 

MDL7 • 0 - File Inoperable 

Track 0 - This bit is 0 whenever the head is positioned at the outermost 

data track (away from disk registrati~n hub), 

Write Protect - This bit is 0 whenever the diskette is write protected. 

It is a microprogram responsibility to reject any write commands to a 

diskette that is write protected. 

File Ready - This bit is 0 when all of the following conditions are 

met: 

(a) Power on. 

(b) Diskette properly loaded. 

(c) Door closed. 

(d) Diskette is turning (two sector marks sensed). 

The read; indication is provided when two sector marks (or an index 

mark and a sector mark) are sensed, not necessarily when the drive is up 

to speed For this reason the program introduces a two second delay at 

initialize time. 
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Timer Not Active - This bit goes to l as soon as the Start Timer command 

is issued; it goes to 0 once 12.6 ms (±. 10%) have elapsed from the time 

the Start Timer comma&td was received. 

File Inoperable - This bit is set to 0 whenever the head is improperly 

energized. When th1F bit is 0, no surface operations should take place 

since the data integrity circuitry is not at its optimum. A File In

operable Rr.set command must be issued to reset this indicator. 

GIVE OPI:.'RATION STATUS (CDLI 080) 

This command produces the result described in the hard disk spec

ification and must be used as specified there. 

GIVE SECTOR (CDLI OCO) 

* This command works ~s specified in the hard disk specification. 

Bit MDL3 always receives a 1. 

Surf1J,Ce Commands - Format (CDLI 010), Write (CDLI 014), Read (CDLI 018), 
..,..ia1n 

/Verify (CDLI OlC). These conunands work as specified in the hard 

disk specification. 

STEP (CDLI lOO) 

This command causes the interface to pulse the step line which in 

turn causes the floppy to move the head one track in the direction pre

viously selected. For this cownand to work properly, the head must 

have been loaded for at least 30 ms. The interface does not require 

pro:;.ram attention during the time (11 ms) that it takes the step to 

complete, that is, the floppy may be deselected. 

*The floppy has only 4 sector address lines (MDL4 becomes the most 

significant bit). 

48 



.. 

HEAD CONTROL (CDLI 700) 

Through this command, the head may be loaded and unloaded, Once 

the head is loaded, the microprogram must introduce a SO ms delay 

before valid data is expected, that is, before a Surface operation 

is started. Also, the microprogram mlst delay at least 30 ms from 

the time the head is loaded to the time of the first step. This delay 

is part of the 50 ms delay. 

Bit MDL4 of MDRL is used to specify load or unload. 

MDI.A m 0 - Head Unload. 

MDL4 s - Head Loan. 

The other bits in MDRL may be set to any value while issuing this 
command. 

DIRECTION SELECT (CDLI 300) 

This cotmnand is used to select the direction.in which the hes'. is 

to move during the Step command. The direction selected is stored :f.n 

the interface so it is not necessary to select it every time a st~p is 

to be done. The direction is selected through bit MDL4 of MDRL. 

MDL4 m 0 - Direction Out (towards track 0) • . 
MDL4 m 1 - Direction In (towards track 76). 

The other bits in MDRL may be set to any value. The following 

sequence is acceptable: 

Load MDRL with Direction Bi 

Direction Select 

Step 

Start Timer 

The diLection may be selected any time after initialize. 
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STllRT TIMER (CDLI 400) 

Upon receipt of this command, the interface will fire the Ii·'- ms 

(± 10%) one shot and set the Timer Not Active bit to 1. Once the 1a·~ 

ms have elapsed, the Timer Not Active bit is set to 0. This is the 

only comrn:ind that may be issued independent of the selected device, 

that is, the pointer register may contain any value and the command 

will be acknowledged. However, to monitor the timer (through the 

Cive Disk Status CDLI instruction) the pointer register must.contain 

a '11'. The timer may be started and monitored even if there is no 

disk connected in the interface port. 

FILE INOPERABLE RESET (CDLI 500) 

This command will cause the File Inoperable bit to be reset without 

clearing the condition which caused it to be set. This command is necessary 

because if the condition clearq, the File Inoperable bit will not be auto

matically set to 1. 

.. 
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2.0 
- HARDWARE OPERATION -

The hardware operation is broken down into major elements of 

operation - i.e., each element described has, for the most part, an 

independent circuit operation a~d provides a distinct operational 

function. 

These major element descriptions are limited to the immediate 

circuit operation. The relationship of these elements to each other 

are described in the Instruction Operation Section - 3.0. 

The following elements are described: 

ELEMENT 

Write Clock 

Disk Control 

Bit Serialization Register· (BSR) 

SECTION 

2.1 

2.2 

. 2. 3 

Bit Counter 2.4 

Sector Counter 2. 5 

Direct Memory Access (OMA) 2.6 

Cyclic Redundancy Check (CRC) 2.7 

Operational Status Error Flags 
& Operation Termination 2.8 

nappy Disk Timer 2. 9 

Terminator Voltage & Protect Circuit 2.10 
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2.1 

- WRITE CLOCK .. 

The Write Clock circuit is used to provide all the necessary timing 

relationships required to write data on the disk drive media - i.e., to 

generate 'bit-cells' which will contain the data bit, and, to place the 

data bit within that 'bit-cell'. Two clock components are generated to 

satisfy this 'bit-cell' arrangement. They are 'A-clocks' (ACK & ACK), 

and 'B-clocks' (BCK & BCK). The 'A-clocks' are used to form the 'bit-cell' 

and the 'B-clocks' are used to place the data bit in the center of the 

'bit-cell'. 

Both the hard disk and the floppy disk have this 'bit-cell' arrange

ment, however, the rotational speed and density of the hard and floppy 

disks are different. Therefore, the 'bit-cells' and the actual 'A-clocks' 

and 'B-clocks' are of different duration for each. The write clock 

network automatically supplies the correct timing for the selected disk 

drive. 

The following schematics, description, and timing diagrams depict 

the Write Clock operation: 
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. CIRCUIT OPERA'l'ION 

The Write Clock network can be broken into two areas. The generation. 

of the Increment Write Clock (IWC), used to step the write counter and 

to provide the actual pulse width of the 'A-clocks' (ACK & ACK) and the 

'B-clocks' (BCK & BCK), and the generation of the 'bit-cell' duration 

and 'data-bit' placement within the 'bit-cell'. 

INCREMENT WRITE CLOCK (IWC) 

A 10 MHz crystal oscillator is the base for all write clock cir

cuitry. The buffered oscillator output (Ll0-6) is felt at the input 

of IWC multiplexer (L33-2), and is passed through when the clock speed 

flop (L22-5) is selected to the hard disk timing (fast, L22-5 • 11 1 ). 

The speed selec't flop is set via term rns at a logic 111 level (floppy 

disk not selected) and clocked via Ll0-12 (Write CTR•l5) on the low to 

high transition. The write counter is a free running counter clocked 

by the term IWC (Increment Write Clock). It should be noted that IWC 

is always active at one of its two speeds. 

The output of the IWC multiplexer reflects the inversion of the 

buffered oscillator (Ll0-6). This signal has a 100 ns period with a 

50% duty cycle. The buffered oscillator output is also felt on the 

clock input of flop L22-9. The 'Q' output of flop L22-9 (L22-8) is 

tied to the 'D' input of that flop forming a divide by two counter. 

When the speed select flop is set to floppy disY timing (L22-5•logic 'O') 

the buffered oscillator output felt on L33-2 is blocked and the divide 

by two counter felt on L33-5 is gated through the IWC multiplexer via 

L22-6 felt on L33-4. The output of the IWC multiplexer (L33-6) reflects 

the inversion of the divide by two flop (L22-9). This signal has a 200 

ns p.eriod with a 50% duty cycle. 

When changing IWC speed there is no chance for a spike to occur on 

the IWC term - i.e., both L33-2 and L33-5 are at the logic 'O' level 

(disabling the IWC multiplexer) when the clock speed select flop is 

clocked. 
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Plense refer to the followhag timing dingram for further explnn

ation. 

'BIT-CELL' GRNERATION 

The base for 'bit-cell' generation is the free running write 

counter (I.21) • This counter is a µrogramruahl e sync:-hronous four bi. t 

binary counter (74LS161). It increments on the low to high transition 

of the clock. This counter has a synchronous load - i.e., the pro

p;rammablc :i.nputs A, B, C and D are loaded into the counter on the 

low to high transition of the clock if the load enable is active 

(Pin 9 • ' 0' ) • 

By varying the programmable inputs and loading the counter ench 

time it step~ out of binary 15, a method of controlling the period of 

the 'Counter=l5' signal (Pin 15) becomes possible - i.e., a value of 

binary 14 is loaded into the counter (L21) when the counter steps out 

of binary 15 via programmable inputs A•'O', B•'l', C•'l', D='l' ('D' 

input to counter is from clock speecl select flop L22-5='1' - hard di.sk) 

und load tmable active (121-9). You will notice the loan rnQblc !":J cnal 

is the inverse of Countcr=l5 term (L21-15). '!'his causes a signal pulst> 

of 100 ns with a period of 200 ns present at L21-15 (Counter•lS). 

By loading a binary value of 6 into the counter via progranun:thle 

inputs A=O, B•l, C=l and D=O ('D' input to counter is from clock speed 

select flop 122-5=0 - floppy disk), the counter must increment nine 

times to reach binary 15 and once again to load for the next cycle. 

This results in ten n~c periods of 200 ns each giving a period of 2 ps 

and a pulse width of 200 ns for the Counter=l5 signal present on (L21-15). 

The clock speed select flop (L22-5) not only changes the load count 

into the write counter, but chances the frequency of IWC as explained 

above. This accounts for the 200 ns puloe width of the Counter•l5 signal 

and accounts for some of the gr~atly incrensed period of the Counter=l5 

sign:il. 
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It is the Counter•l5 signal and the clock type select flop (Lll-5) 

that generates the 'A-clocks' and 'B-clocks' via L45-ll (ACK), L47-3 (ACK), 

L45-8 (BCK) and L44-8 (BCK). The clock type select flop (Lll-5) is 

switched when the write counter steps out of binary 15. (This is the 

same time the write counter is loaded). This arrangement gives alternate 

clock pulses ('A-clocks' then 'B-clocks') with a pulse width equal to 

the Counter•lS signal (L21-15) pulse width and a period equal to the 

period of the Counter-15 signal. 

When the clock speed select flop (L22-5) is switched, there will 

be one write counter (L21) period with the improper IWC frequency. 

However, the clock speed select flop can only be changed at the beginning 

of a 'CDLI' command, at which time no operation is in progress. (The 

protocol between the MP and Hard/Floppy Disk Device Adapter prohibits 

issuing of new commands until the present command is complete.) 

Please ref er to the following timing diagrams for further ex

planation. 
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2.2 

- DISK CONTROL -

Disk Control is handled as part of the instruction operation - i.e., 

the conditions required by the disk for status, read, write, error re

covery, ore met by that instruction's execution. These disk control 

requirements will be described in the Instruction Operation Section -

3.0. However, there are two conditions that have to be met before any 

operation can begin: 

1. The Device Adapter board has to be selected. 

2. A particular disk drive has to be selected (one of four). 

Following is a schematic and description. 

DISK SELECT 

The Device Adapter can have three hard disks and one floppy disk 

attached to it. However, only one of these devices can be used at any 

given time. The qualifying term for the selected drive (allowing only 

that drive access to the Device Adapter via the Device Level Interface) 

are the select terms SELO, SELl, SEL2 (hard disk select drive #0, 1 or 2) 

and the term Fi5S (Fl~ppy Disk Select). These terms are mutually exclusive 

of each other and are statically decoded from the microprocessors Pointer 

Register (PTO & PTl) via decoder L9. 

1. Select terms SELO, SELl, SEL2 are for the hard disks and therefore, 

the Clock Spe~d Select Flop in the Write Clock Section - 2.1 is 

selected for fast. Term FD'5 (Floppy Disk Select) forces a Slow 

Speed Select. 

2. There will always be a disk drive selected due to the static output 

of decoder L9 (it is always enabled). 

61 



DEVICE ADAPTER SELECT 

The Device Adapter is selected to receive a new couunand at T02 

of a CDLI microin~.;truction from the MP board. The DA Select Flop 

(L74-9) is set via ['Ci5i:I 1'02] LSS-6. The DA Select Flop is cleared 

at T06 trailing edge (T07) via a logic 'O' on the 'D' input of DA 

Select Flop (L74-12) and clocked via L84-6 at T07. 

It should be noted that this select is up for only 750 ns (·ro2 
through T06 at 150 ns/subcycle time) and that the conunands take con

siderably more time to execute. However, the command is latched else

where and the protocol of the MP/DA prohibits any further cormnand until 

either the input hit is set by the device adapter or a predetermined 

time-out has expired within the M. P. The method of completion is pre

determined by the hardware/software design philosophy. The output of 

the DA Select Flop is referred to ~s 'Allow DA Operation' (ADO & ADO). 

62 



.. 

2.3 

- BIT SERIALIZATION REGISTER (BSR) -

The Bit Serialization Register is the pt'imary register within the 

Device Adapter. All data being written onto the disk, read from the 

disk, data to the MP Memory Data Registers, data from the MP Memory 

Data Registers, and status information pass through the BSR . 

The following is a schematic and description of the BSR net-

work, 

CIRCUIT OPERATION 

The Bit Serialization Register consists of four 4-bit parallel 

load, parallel out, serial in and serial out shift register devices 

(74LS195) at locations L79, LBO, LBl and L82. 

The BSR has four dual 4-channel multiplexer devices (74LS153) at 

locations L6S, L69, L70 and L71. 

The BSR multiplexer provides four paths for loading the low order 

8-bits of the BSR (DB-MSB, Dl5-LSB). The channel assignments are as 

follows: 

Channel co • Sector Counter (2.5/3.3) 

Channel Cl - Operational Status (2.8/3.2) 

Channel C2 • Disk Status (3.1) 

Channel C3 • Memory Data Register Low (From DAI - 1.3) 

The BSR multiplexer is steered via LSS-11 (MXA) and L85-8 (~OCB) • . 
'The BSR multiplexer channel select is enabled via the Device Adapter 

Select Flop term ADO (L74-9) present at L85-9&12, and the Control Operand 

terms RS and R9 (ROM terms) perform the actual steering as follows: 
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RB R9 CHANNEL 

0 0 C3 

0 1 C2 

1 0 Cl 

1 1 co 

The parallel outputs from the BSR (DO-MSB through Dl5-LSB) pass 

to the MP Memory Data Register via the DAI. 

DO (MSB) ._. D7 (LSB) • MDRH 

DB (MSB) ++ Dl5 (LSB) • MDRL 

The serial output DO (L82-12) passes to the disk drive as serial 

data. The serial data input 'SDI' (L79-2&3) receives serial data from 

the disk drive. 

The term 'LSR' (Load Shift Register) parallel loads the BSR (L79-9, 

L80-9, L81-9. L82-9). 

The term 'SSR' (Shift Shift-Register) shifts.data out or into the 

BSR (L79-10, LB0-10, LBl-10, L82-10). 

1. The term 'SSR' is the clock term to the 74LS195 Shift Register 

Device. Serial data is shifted from 'QA' toward 'QD' ou tp> · !:s on 

the low to high transition of .the clock term 'SSR' (L79-1C. LB0-10, 

LB1-10, L82-10) when the load input is high (term 'LSR'). 

2. The Shift Register is loaded when the load input (term LS~>. is at 

a logic 'O' and at the clocks (term 'SSR') low to high tr<.·.1sition. 

The term 'CSR' (Clear Shift Register) clears the shift register 

(L79-l, LB0-1, L81-l, L82-l). 
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2.4 
- BIT COUNTER -

The Bit Counter is used to control the actual 'bit placement' 

onto the disk drive media and to retrieve the disk 'serial data' from 
the disk drive media . 

All dota written onto the disk media is placed in the 'data field' 

of the disk's sector format - i.e., the data is placed between 'sync 2' 

~ and 'CRC'. 

• 

At this time, review the disk format in the Operational Specifi

cation section (1.5). 

The Bit Counter provides the relative position (by binary value) 

of each segment of the sector format. The 'bit counter' binary value 

is monitored providing the beginning (binary value), the length (binary 

value), and the end (binary value) of eoch format segment - i.e., Pre

amble, Sync 1, Header, Gap, Sync 2, Data Field, CRC, and Postamble. 

The Bit Counter also provides the End of Operation signal (SINPT) 

by a predetermined binary value. 

The operation termination (binary value) is dependent on the par

ticular operation being performed - i.e., Format, Write, Read, and Write 

Verify. 

Obviously the 'Bit Counter' is the primary controlling element 

for all surface operations. The actual controlling binary values will 

be described in the Instruction Op~ration section of this manual (3.0), 

The following is a general description of the bit counter with the 

common controlling gates. 

Please refer to the following schematic segment for this description. 
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CIRCUIT PPERATION 

The 'Bit Counter' consists of three 74LS161 synchronous, binary, 

procra1m11able counters (L76, LT/, .md L78). The IHt Counter has two 

modes of op1~l~ation: wr"iLin;:; ~D.i:.o .h;. ·iis:<. 1i1·:<l~a ~i:d i."er.-.rl:i.nr; from t.he 

disk metii.a. A connnot'. 1 ::iynr. Chari1r:ter De'.:ected 1 F1op al i.ow.s incr£>menting 

from th'2 (Jj_sk via '°kr~/1)''-6:c\c:~~ ... 

Writing - 1.'he BjL Coun:::r is bcn .. mc·· >· • by I'.'~!~ £e.lt: at. liic Counter 

'Clo.::.k' i.>!ulti!Jlexer L39-l3. Tr.is n1'.!Jt·.1.:::Fl•: .• · is enabled fol. Write 

mode via term RGA (Re<;.d Gate A.I.low) 11ui: a::·.·:: ... e (low) at I.55--:.t.J. euabl.ing 

the multiplexer (L39-l/high). Multiplexe; half L39-9 is disabled by 

ter.m 3CD (Sync C:ha.racter net.ect.ed) not act:lve (lr1w) via Synl! Character 

Detected Flop T.56·-) in the reset cond:!.i:ic.n (L~1C-·J/J.cr.,). 

The general protocc•l for wr i t~ing data o.::U, ;:h,~· d·:.sk media requires 

that the hcadc·:· fir.st l.1·2 read and v~r.i[j_ed. Ti· ... ··,.:r:.'.=Dl'e, ;,i.l.l surface c.-p·-

erations, less the disk fonnat command. m11st first ::-~ad 'i'.he hender from 

the disk media - i.e.r all corrunands, less formut, st~rt as a read from 

disk; gated to the 1 iL: ~ounter ··ri~J. I READ CLOCKS r flo.n r.he disk felt at 

L39-9. It should be noted that even in the case of a write operation, 

the 'Bit Counter' multiplexer (L39-8; .i.s st:eered r:c, ret•.d rhe r\isk via 

Sync Chci.racte:i:- Oc:t:er:l~t!:::l FJ.up (J,56··'.i) frl::: .:is a hj.r_;h rw C~9 .1 L L39·-12 

is low at this time, term ~CI3 (Timer In Sync) 'i.s not ac :i·ve (L34-9/low). 

Reading - The primary inc.rem~nt for the I oi t Counter I is from the disk Is 

·----··-·-"-.. 
1 RF.AD CLOCKS 'fe~:t <>t. '.:i[~ ~nf.t i:oun.:.~1:: 1.11ult.:tp:.c .... c·r ·~:S'~-9 via L/15-3. 

The term RCA (t:.eaJ Gat<o Alluv) is active (idgh), I.55-11, disabling 

of 160 (LSS-:~l...l';), '!"r•is ·1a.lu ~ :~16·~·) is l'.'ie ~t;:n t· a~: tho·. dci.ta f.iela 
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SYNC CllARllCTER DETECTED 

The 'Sync Chnracter Detected' Flop (LS6-5) is used for all surface 

operations less format. The purpose of this flop ii; to mark the bcg::l.nning 

of valid data (either header or data field). A sync character of (00000011/ 

binary) is written on thC' disk media prior to the header during a forr.:at 

command. The same sync character is written prior to the data field 

during a write command. 1'his 'Sync Character' must be detected before 

the appropriate surf ace operation can begin. 

HEADER (SYNC l} 

The 'Sync Character' allows the 'Bit Counter' to be incremented 

by the disk's 'READ CLOCKS' and thereby read the header for the Read, 

Write, and Write Verify commands. After the header is read in, the 

'Sync Character Detected' Flop is reset inhibiting any further counter 

increments. The reset signal to the 'Sync Character Detected' flop 

(L56-5) is derived by the last bit of the header (16 bit header) via 

~ ISS (Inhibit Serialization Shift) flop L67-8. This flop is set at the 

seventeenth count of the 'Bit Counter' [L76-15 (CTR•l5) • CTR CLOCK]. 

1. No further 'Bit Counter' increments ·are allowed from the disk until 

another 'Sync Character' is detected (Sync 2) for Read and Write 

Verify commands. 

2, Only 'Sync l' is detected for a Write command. 'Sync 2' is written 

prior to the data field during a Write conunand. 

DATA FIELD (SYNC 2) 

The 'Sync Character' allows the '·Bit Counter' to be incremented by 

the disk's 'READ CLOCKS' and thereby read the data field for Read and 

Write Verify commands. 

67 



The reset is removed from the ·' SCD' Flop (L56-5) via the Resync 

Allow Circuit L14-9, Ll4-S clocking Read Command Stored Flop Ll2-9/low 

(L27-2/low), resetting the 'ISS' Flop (L67-8). 

The 'Sync Character Detected' Flop (L56-5) is 110111 enabled to detect 

the 'Sync 2' character. When the character is detected, the 'SCD' Flop 

(L56-5) will latch-up and allow the disk's read clocks to the Bit Counter. 

The 'SCD' Fl.,p (L56-5) will not be reset until the end of the read 

command via SINPT - i.e., 'ISS' Flop (L67-8) is held in reset via term 

DOS (Data Order Stored/low). 

For further information see the Instruction Operation section of 

this manual (3.0). 
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2.5 

• SECTOR COUNTER -

The floppy disk drive does not provide t4e interface with a sector 

count like the Diablo. Therefore, it becomes necessary to develop a 

count from the incoming index and sector pulses. 

The floppy disk normally uses a 32 sector, 128 byte/sector format • . 
To make t4e interface compatible with both the floppy and the hard disk, 

it is necessary to increase the number of bytes/sector to 256, this is 

accomplished by ignoring every other sector mark. Thus, to the inter

face, the floppy disk has 16 sectors with a capacity of 256 bytes/sector. 

The timing diagram below illustrates sector counter operation. 
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CIRCUIT OPERATION 

The sector counter is designed so it is reset every revolution by 

:f.ndex mark. That means that within one revolution after power is stable, 

during a power up, the sector counter will by synchronized, and sh:>uld 

it become non-synchronized, the next index mark will reset the counter 
causing resynchronization • 

Operational description begins with the occurance of an index mark 
which: 

1. 

2. 

Resets the sector counter (L-8). 

Presets the sector divider (L-74). 

• 

The next sector m~rk that occurs will be ignored in view of the 

fact that L72 pin 2 ~.s high disabling th•~t gate. The trailing edge of 

sector pulse clocks L74 reset, this preconditions the circuit to accept 

the next Bt!C io1 u1H1 k e:mJ ulluw Lhe counter to be incremented. The trail

ing edge of the second sector mark clocks the sector divider (L74) set 

again, preconditioning the circuit to ignore the next sector pulse. 

This sequence of counting every other sector mark continues until an 

index mark occurs resetting the counter t~ zero, at which time tbe cycle 
-begins again. If the floppy disk is selected (FDS•low) the sector count 

is gated through L2 along with Sector Pulse Present (SPP, Ll-8) and pre

sented to thP. BSR T'·Jltiplexer. If the hard disk is selected the sector 

count and sector pulse are provided by the drive. 
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2.6 

- DIRECT MEMORY ACCESS (OMA) -

Direct Memory Access is a method of transferring dota to and from 

Hain Memory (MM) without the MP' s intervention - i.e., the memory transfer 

is not controlled by the MP (microcode) in any way. 

The device adapter board controls ~11 th~ memory transfers by its 

hardware, to increase the data transfer rate by requesting 'MM' at the 

appLopriate time. The disk DA makes memory requests every time the 

'BSR' is full/empty - i.e., once for every 16 counts (bits). A memory 

request is made every 6.4 µs for the hard disk and every 64 µs for 

the floppy disk. 

The 'MP starts the memory operation by issuing a surface operation 

command to the 'DA'. The 'MP' then waits looking for the 'Input Bit' 

from the device adapter signalling that the required operation and 

e.ppr0pri'1te !!'e!'!t:1ry t:r!'nsfer~ ha'"'' been pisrft:'nned. A~ this tillle, thi:> 

'MP' is again in control of the 'Mt-mI'. • 

Following is a schematic and description of the 'DMA' portion of 

the 'DA'. 
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• CIHCUIT OPEMTION 

The 'DMA' portion of the 'DA' cons1sts primarily of two flops; 

'Hardware Read 16' (HR16) nnd 'Hardware Write 16' (HW16) at locations 

L63-8 and L63-13 respectively • 

HARDWARE READ 16 ( HRl 6) 

The disk 'DA', upon receipt of a Disk Write cormnand, sets the HR16 

flop (L63-8) on 16 bit 'BSR' boundaries. 

The 'DA' writes 16 bits onto the disk media (half word) per 'MM' 
transfer. Dnta must be ready prior to the actual write operation, 

therefore, the 'MM' is read (requested) each time the 'BSR' starts 

shifting data to the disk. 

The controlling gate for read requests is L41-6. This gate clocks 

the imi"6' flop (L63-8) at 'ACK' time (L41-5), Write Memory Read Request 

Allow (WMR) felt at L41-3, and stepped into sixteen time L41~4 (L67-5). 

The HR16 flop will remain active (low) until it is reset via L75-10 (INC2). 

"i'NC2' is the second ripple pu~se to the MP.' s 'MAR'. At this 

tin1e 'INC2' , the memory transfer has been completed and set up for 

the next transfer has begun. 

The first memory request during a write operation is made via 

L47-8 (LS6-9). It is necessary to provide the first request via L56-9 

and 'WGT' (Write Gate Time) due to the inactivity of 'WMR' flop (L23-5) 

prior to the first write onto the disk. 

The disk 'DA', upon receipt of a disk 'Write Verify' command, sets 

the 1 HR16' flop (L63-8) on 16 bit boundaries ns does the 'Write Command'. 

However, the 'HR16' flop is clocked via L28-ll (allow verify memory re

quests and 'SOS' (stepped out of 16). 
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llARIMARE WRITE l 6 ( Hl'll 6) 

The disk 'DA' upon receipt of a disk 'Read' command, set the 'HW16' 

flop (L63-13) on 16 bit 'BSR' boundaries. 

The 'BSR' rt~ads 16 bits from the disk media (half word) per 'MM' 

transfer. The serial data is read from the disk bit-by-bit and shifted 

into the 'HSR' via the disk's 'READ c~or.KS'. The 'HSR', upon receiving 

16 bits, makes a 'MM' r~quest (iiW16) via L20-9 (allow memory requests/ 

read), 'SIS' (stepped into 16/L67-5) and 'SDR' (Shift Data Read/L43-3) 

forcing L31-6 low. L31-6 is felt at 'UW16' flop L63~1 clocking the 

flop active (L63-13/~ow). 

The 1iiWf6 1 . flop is reset via 1INC21 in the same manner as the 'HR16' 

flop was reset. 

1. Both memory requests cause a 'MM' transfer to/from the MP's ·~mR' 

register (see MP Manual Section 3/2/0). 

2. For further description and timing relationship, see the Instruction 

Operation section of this manual (3.0). 
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2.7 
- CYCLIC REDUNDANCY CHECK (CRC) -

The purpose of the 'CRC' is to verify the data read from disk 

is correct. 

During a 'Disk Write' operation, a two byte (16 bit) 'CRC' check 

character is computed and written onto the disk media directly after 

the 256 byte data field. 

During a 'Disk Read' operation, the data being read from the disk 

media is passed through the 'CRC' circuit, and a 'CRC' check character 

is computed. .The 'CRC' check character, after the data field, is also 

read from the disk and passed to the 'CRC' circuit where it will cancel 

the check character computed by the 'Disk Read' operation. 

The 'CRC' circuit will ~Ppnrt An error for the Disk Read if the 

'CRC' check character (from disk) did not cancel the computed check 

character during the 'Disk Read' operation. The error condition will 

set the 'CRC Error' flop in the Operational Status Error Flag section 

(2,8), 
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CIRCUIT OPER~TION 

The 'CRC' circuit utilizes a 'CRC' in~egratcd r.ircuit (Device Type 

9401). For th~ device opcrntion, please refer to its data sh~et -

'Fairchild Macrologic *9401 CRC Generator/Chec~er'. 

WRITE OPERATION 

During a Disk Write, the data (from the 'BSR') is felt at the input 

of the 'CRC' device (L32) via tarm 'DO' (Data Out) L44-l gated with term 

'WGA' (\lrite Gate Allow/L44-2), and passed to 'CRC' L32-ll through 'OR' 

L44-6. This data is then clocked into L32 via L36-12 through 'OR' L24-12. 

Term 'ACC' (Allow Cyclic Check) is used to control the 'CRC' device 

end clock steering to the device. 

ACC (High) • Load 'CRC' Device 

ACC (lc~·r) •Shift Out 'CRC' Check Character 

Term 'Ace' will go low at the end of the data field to allow the 

'CRC' check character to be shifted to the disk vi.Cl clock input L46-8 

through 'OR' L24-12. 'Ace' is felt at L32-10 controlling the 'CRC' 

device. 

Term 'SHC' (Strobe Header Check) clears the 'CRC' device (L32) 
just prior to the data field. 

READ OPERATION 

During a Disk Read, the data (from the disk) is felt at tl-2 input 

of the 'CRC' device (L3~~ via term 'RDI' (Read Data In) L44-12 gated 

with term 'RCA' (Read Gate Allow/L44-13), and passed to 'CRC' L32-~l 

through 'OR' T.44-6. This data is then c:lockerl into L32 via term 'SDR' 

(Shift Data Read) at L24-2. 

*A trademark of ''Fairchild Camera anG' !n; .. ·::rumcnt Corporation'. 
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The entire 256 byLe sector is passod to the 'CRC' device (L32) and 

a check character is computed, The check character trailing the dnta 

field is also shifted in cancelling the computed 'CRC' check character 

computed during the rend. L32-13 will go high signalling an error, if 
it has occurred, 
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2.8 
- OPERATIONAL STATUS EnROR FLAGS & OPERATION TERMINATION -

ERROR STATUS FLAGS 

There are five Operational Error Status Flags: 

1. Header Error 

2. CRC Error 

3. Write Verify Error 

4. Sector Overrun Error 

5. Memory Overrun Error 

There are, in addition, two 'MM' error conditions reported by the 

'DMA' memory operation: 

6. 

7. 'MM' Illegal Memory Address E~or (IHA) 

In the event of any error condit:Lon being sensed, an immediate 

tennination of the ~urface operation is executed via the input bit (SINPT). 

This is done to prevent destruction of data in the 'MM' or on the disk 

media (CRC Error excepted). 

OPERATION TERJ.1INATION 

There are three normal operation terminations: 

1. EOR • End of Read & Write Verify 

2. EOW = End of Write 

3. EOF = End of Format 

Each of these signals will set the input bit (SINPT). 
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CIRCUIT OPERATION 

ERROR STATUS FLAGS 

1. Head et· Error: 

The 'Header Error Flop', 151-5 samples the header read from disk 

(BSR) and the hendcr in the NP's 'MDR' register via comparator [L57, LSB, 

L59 and L60]. The comparison (High s Good) is felt at LSl-2 'DCP' and 

clocked by term 'SHC' (Streb~ Header Check/L65-7) felt at L51-3. L51-5 

will so low signalling a Header Error and will terminate the surf ace 

operation via L40-l. 

2. CRC Error: 

The 'CRC Error Flop', LS0-9, samples the error pin on the 'CRC' 

device L32-13 (High"" Error). The 'CRC Error Flop' is clocked via 

term tSRT' (Set ReDd Terminat:f.on/I.20-6) felt at 1..50-ll. L'.j0-9 will 

go high signalling a 'CRC' Error, however this error conditions does 

not terminate the s~rface operation (no input bit) due to the non

destructive nature of the error. 

3. Write Verify Error: 

The 'Write Verify Error Flop', L50-5, sampl'·S the data read from 

disk (DSR) and the data in the MP's 'MDR' register via comparator [L57, 

L58, L59 and t60]. The comparison (High• Good) is felt at LS0-2 'DCP' 

and clocked by [SDR (Shift Daca Read) • SIS (Stepped Into 16)] felt at 

J.50-3. LS0-5 will go low signalling a 'Write Verify' e:.. ":'or and will 

terminate the surface operat:f.on via L40-2. 

4. Sector Overrun Error: 

The 'Sector Overrun' flop L49-9, >amples 'RGA' (Read Gate Allow) and 

'WGA' (Write G~te Allow) felt at L49-12. If either signal is active (high) 

when a sector ls entered, a Sector Overrun condition exists - Le., the 

surface operation should have been completed prior to entering a new sector. 
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Term 'SPP' (Sector Pul~e Present) clocks the 'Sector Overrun' flop via 

L49-ll. L/19-8 wlll go low signalling a Sector Overrun Error and will 

terminate the surface operation via 140-3. 

5. Memory Overrun Error: 

The 'Memory Overrun' flop, 151-9, samples both memory request 

signals, 'HW16' and 'HR16' for activity (Low = Active) at the moment a 

new request is requested - i.e., the p~·evious request, if it was not 

serviced by 1 }~f', will indicate that 'MM' was unable to respond in time 

and that the data in the MP's '}IDR' register is invalid. The 'Memory 

Overrun' flop is clocked via term 'm' (Set Write Request) or term 'SRR' 
(Set Read Request) felt at 151-11. L51-8 goes low signalling a Memory 

Overrun Error and will terminate the surface operation via L40-12. 

6&7. 'MM' Parity Error (MMP) & 'MM' Illegal Memory Address Error: 

These two errors are a function of the 'NM' and are reported to 

the 1.11.P: board where chey are stort!d. Tla~ 'HP' Llaru;fi::r.s thes~ error 

conditioru:; to the 'DA' via terms 'HSBl' (Hardware Statufl Bit One/MMI>) 

and 'HSB2' (Hardware Status Bit TtJo/IMA). HSBl and HSB2 are active 

high. 

These terms are felt at the 'BSR' Input Multiplexer' L71-5 (HSBl) 

and L70-ll {HSB2) for transfer to the MP's '~IDR' register. Term 'HTS' 

(Hardware Transfer Stop) signals to the 'DA' th~t 'HSBl' or 'HSB2' is 

active and terminates the surface operation via 140-11. HTS is from 

the 'MP' Menl()ry Bus Interface Logic. 

All of these error flags are reset via a 'Give Operational Status' 

command decoded by L64-6 or INIT2. 'Give Operational Status' command 

is issued after every surface operation command. 
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Operation Termination: 

The normal operation termination is decodedof~ the 'BSR' and felt 

on L40 via terms: EOF (End of Format) "" L40-6, EOR (End of Read/Write 

Verify) • L39-4&5, and EOW (End of Write) ,.. L40-5. 

Miscellaneous Termination: 

If a surface operation is requested, and a sector pulse is present, 

the surface operation will be terminated via L39-2 (SPP) and l '39-3 (SUr>). 

Initialize will also terminate any surface operation • 
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2.9 

- FLOPPY DISK TIMER -

The purpose of the 'Floppy Disk Timer' (L53-7) is to provide a 

time delay after certain floppy disk conanands are issued - i.e., the 

floppy disk requires settling time after certaln commands are issued 

due to the floppy disk not reporting an inoperable condition. These 

commands are: 

Seek 

Head Load/Unload 

Although these co11DDands require a settling time, a separate command 

is used to start the timer - i.e., the 'Start Timer' command. The timer 

is retriggerable and has a time of 12.65 ms. 

CT'R('rTT'r T>F:.r;r.'R TPTION 

The timer is a one-shot (9602) at location L53-7. It is triggered 

via L41-12 and allowed to the MDR via term 'FDS' (Floppy Disk Select) at 

LS-10 and then through the 'BSR' multiplexer channel - CO at L69-6. 
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2.10 

- TERMINATOR VOLTAGE & PROTECT -

TERMINATOR VOLTAGE 

The terminator (mounted on the Diablo 10-Meg Disk) must be supplied 

with +5V in the event the Diablo power is off, 

+5V is supplied to the terminator through diode AlSF felt at pins 

482 and 492 of the DLI. 

PROTECT 

In the event of a power failure or any voltage failure. the disk 

media must be protected from false data writes, etc. The power supply 

monitors all of its voltages (system supply) and issues a System Initialize 

if they become out of tolerance. 

This System Initialize is felt at pin 13, on the 'DAI' and removes 

the bias on both Write Gate and Erase Gate transistors on the 'DA' • 
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3.0 

-INSTRUCTION OPERATION -

• 

• 

• 
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4.0 
- HARD DISK -

The Diablo* Systems Incorporated Series 40 Disk Drive Model 44 

(10 Mecabyte) is presently being used. 

Pleas~ ref er to Diahlo Systems Incorporated Series 40 Disk Drive 

Maintenance Manual (Model 44) for service requirements and procedures. 

*'Diablo' is a trademark of Diablo Systems Incorporated. 
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5.0 
-FLOPPY DISK -

The Shugart Associates Model 901 Diskette Storage Drive is presently 

being used. 

PleaRe refer to Shugart Associates Diskette Storage Drive Manual 

SA900/901. SA900/901 Maintenance H2.nual may be found in Wang Laboratories 

Service Bulletin No. 46.2. 

1#...,l 

LI 3 
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FAIRCHILD 1:,;rno~OG!C* • 9·~Gl 

CRC GENERATOR/CHECKER 

Description The 9401 Cyclic Redundancy Check (CP.C) Generator/Checker 
provides an advanced tool for the implementation of the most widely used 
error detection scheme in seriai digital data handling systems. A 3-
b1t control input selects one of eight generator poiynomials. The list of 
polynominals includes CRC-16 and CRC-CCITT as well as their reciprocals 
(reverse polynomials). Automatic right justification is incorporated for 
polynomials of degree less th~n 16. Individual clear and preset inputs 

• are provided for floppy disc and other applications. The ERROP. output 
indicates wh~ther or not a transmission error has occured. Another control 
input inhibits feedback ~··ring check \'/Ord transmission. The 9401 is a member 
of Fairchild's Macrologic family and is fully compatible with all TTL families. 

• 
.. 

Typical Apolic~tions 

Features 

• Flnonv and other disc storaop svstems. 
I I • ,.. ,. 

o Digital cassette & cartridge systems. 
1 Data corrvnunication systems. 

1 Guaranteed 12 MHz data rate. 
• 8 selectable polynomials. 
1 Error indicator. 
1 Separate Preset & Clear controls. 
1 Automatic right justification. 

• Fully compatible with all TTL logic families . 
• 14-pin package . 
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LEAU HAMES Load1n9 (n~te 6) 
HIGi (U.L.) LOW (U.L.) 

cur 
~ 
MR 
Q 

ER 

. NOTH: 

Polynomial Select Inputs 

Data Jnput 
Clock (operates on HIGH to LOU trans1t1on) 
Input 
Check Word Enable (active LOW ) input 
Preset (active LOH) input 
Master Reset (act1ve HIGH) input 
Data Output 
Error (active HIGH) output 

a. t TTI. Uftlt 1.orCI IU.1...1 • 40 wA HIQH/1.a ,,, ... I.OW. 
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., ... 
I 
'f 

0.5 .23 

0.5 .23 
0.5 .2J 

0.5 .2J 
0.5 .23 
o.s .23 
10 5 (note b) 
10 5 (no~c b) 
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9401 

Functior.al [\~stript1ur1 - The 94Gl Cyclic RedundJnc:; Check (Cf!C) Gen'.!rator/Che:.ker 
is a 16-Bit prog,-arrnnablc.> device which o_perates on serial data streams and pro
vides a means of detecting trdnsmi~sion errors. Cyclic ~needing and decoding 

.schemes for error detection a~e ba~ed on oolyn~mial manipulation in mcdulo 
arithmetic. For encoding, the data stream (mvssage polynor.nal) is divided by a 
selected polynomial. This division results in a remainder which is appenaed to 
the message as check bits. For error checking, the bit stream containirig both 
data and check bits is divided by the same selected polynomial. If there are no 
detectable errors, this division results in a zero remainder. Although it is 
possible to choose many generating polynomials of a given degree, standards exist tnct 
specify a sma11 number of useful polynomials. The 9401 implements the polynomia:s l1c;ter. 
in Table l by applying the appropriate logi~ levels to the select pins s0, s1 & s2. 

The 9401 consists of a 16-bit register, a Read-Only-Memory (ROM) and associated 
control circuitry as shown in the Block Diagram. The polyno~ial control code 
presented at inputs s0, s1, and s2 is decoded by the ROM, selecting the desired 
polynomial by establishing shift mode operation on the rP.gister with Exclusive OR 
gates at appropriate inputs. To generate the check bits, the data stream is 
enterea via the Gate (ui i1·1f.iui., us~;.; the H!'.:~ t~ LOW ':~:!!'~itif'.I" nf thP f.lock (CP) --- --~------ .. _ ........ 
input. This data is gated with the most significant output (Q) of the register, 
and controls the Exclusive OR gates (Figure 1). The Check Word Enable (CW°E} mu~; 
be held HIGH while the data is being entered. A.f.ter the last data bit is entered~· 
the £WE is brought LOW and the check bits are shifted out of the register and -appended to the data bits using external gating (Figure 2). -

To check an incoming message for errors, both the data and check bits are 
entered through the D input with the Cw~ input held High. The 9401 is not 
1n the data path, but only monitors the message. The Error output becomes 
valid after the last check bit has been entered into the 9401 by a HIGH to 
LO~ transition of CP. If no detectable errors have occured during the data 
transmiss1on, the resultant internal regi~ter bits are all LOW and the Erro1 
output (ER) is LOW. If a detectable error has occured, ER is HIGH. ER 
remains valid until the next HIGH to LOW transition of CP or until the device 
has been Preset or Reset. 

A H!~H level on the Master Reset (MR) input asynchronously clears the register~ 

A LOW level on the Preset (P) input asynchronously sets the entire register if 
the control code inputs specify a 16-bit polynomial; in the case of 12 or 8-bit 
check polynomials only the most significant 12 or 8 register bits are set and 
the remaining bits are cieared. 
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SELECT CODE 
-S-2 ~l ~ 

L L L 

L L H 

L ! H L 

I 

L IH H 

H L L 

i I 

! H iL .~ 

l 
H I H L 

~ 

H :i 

I 

9401 

TABLE I 

POLYNOMIAL 

X l 6+X l 5+X2+l 

X 16+X 14+X+l 

x 16 + x 1 s + x 13 + x 7 + x4+x2+xl+1 

x 12+x11 + x3+x2+x+1 

x8+x7 +x5+x4+x+l 

x8+1 

I x16+x12+xs+l 

x 16+x1 , + x4 + l 

9401 

Rl:.MAk~S 

CRC-16 

CRC-16 REVERSE 

CRC-12 

LRC-B 

CRC-CCITI 

I CRC-CCITT REVERS~ 
I I H I 

~--! ..L J r=r-~-~·~·~ ................... ,--~=~= ...... --...... ~------·----------..... ~--------~-------

RECOMMENDED OPERATING CONDITIONS 

:;)401 XM t;#tO~ XC 
UNITS 

PARAMETER 
MIN TYP MAX MIN TVP MAX 

Supply Vo1t1a1 Vee 4.5 5.0 5.5 4.75 5.0 5.25 v 

Oper1t1n11 FrH Air Ttmprr1turr R1nq1 -55 25 125 0 25 75 ·c 

)( • peck ... TVP•: D tor Cllf'•mlc Dip, .. tor P'IHtlC Dip. 

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE lunltu othtlrwi" ftOllCll 

SYMBOL PARAMETER 
MIN 

LIMITS 

TYP MAX 
UNITS TEST CONDITIONS !Nott 1 I 

-
V1H Input HIGH Volt1ge 2.0 v Guar1ntHd Input HIGH Vo1t19e 

V(L 
XM 0.7 

Gwarantlltld lnOMI LOW Vol~ Input LC.W Voll109 v 
xe O.B 

Veo I Input Cl1mp CJiod• Vollaq~ - o.ef.> -1.5 v Vee• MIN, llN • -18 mA 

VQH 
XM 2.5 3.4 

Output HIGH Voll1g1 v Vee. MIN, IQH. -400 .. A 
xe 2.7 3.4 

XM&Xe o.~c:. 0.4 v Vee •MIN, IOL • 4.0 mA 
Vol Output LOW Vollaq• 

xe 0.+5 o.s v Vee •MIN, IQL • 8.0 rnA 

Input HIGH Curr•nt 
1.0 20 ,.A Vee. MAX, V1N. 2.7 v 

0.1 rnA "cc· MA>.., v 1N • 5.s v 

l1L Input LOW Cunlnt -o.36 mA ''cc • MAX. "1N. 0.4 v 

•os Cutout Shott Circuit Curr•nt -10 ~2 rnA Vee. MAX, VouT. 0 v INotr JI 

•cc Supply Curr1n1 70 mA Vee. MAX 1 ... PuTS OPl!N 
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9401 

Sw1tch1ng Characteristics (TA • 25°C, Vee• 5.0V) 
LIMITS 

SYMBOL PARAMETER 1mf {,,u~ '}. "!AX UNITS ·•CONDITIONS 

f llllX Ma1imum Clock Frequency 12 20 MHz 
"'tp"Hi." -_ffropagat1on delay. Clock,MR 

CL • 15 pF 
tPLH 

to Data Output 
JO 55 ns F1 g :3 I 

tPHL Propagation delay, Preset to 40 60 4,5 
t_nH Data Output 
tPHL Propagation delay,Clock,MR 40 60 ns 
tPLH or Preset to Error Output 

' 

Switching Set-up Requ1r~ments (TA • 25°C, Vee • 5.0V) 

r uMrrs I I SYMBOL PARAMETER ru, .. I TVD I u~v l"ITTC: CONDITIONS I i , ..... 
' " ...... _1! :._,;;,_ 

I 
-

twCP (L) Cloe~ pulse width (LOW) 35 ns Ff g.2 

t 5D Set-up time, Oata to Clock 35 55 ns 

t 5 CWE Set-up till!!, CWE to Clock 35 55 ns 
Fig. 6 

ii Hold time, Oata and CWE to 0 ns CL • 15 pr Clock 

P~set pulse wid:h (LOW) 
. 

\,P (L) 35 ·25 115 Fig.') 

\,MR (H) Master Reset pulse width 
lHlGli.1 

35 . 25 ns Fig. 6 

tree Recovery time, HR and Preset 25 35 ns Fig.4,5 
to Clock 

Notes: 

1. ~or co~dftions shown as MIN or HAX, use appropriate value specified under 
reconmended operating conditions for the ~oplicable device type. 

2. Typical limits are at Vcc=S.O v, TA = 25°C. 
3. Not more 1.nan one output should be shorted at. a tfme. 
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r --. I 1/ f MaX -1 
t~(L) ~ : 

---------+-1. 3\' CP 

tree -

Q OR ER __ 1_t-t-P-LH ___ tP_H_L __ "\~~1-1,3v Q OR_E_R---1 -,-.~3V...__ __ -+-

Fig. 3 ·. 

PROPAGATION DELAYS, CLOCK 

TO Q AND CLOCK TO ER 

CP 

Fig. 4 

PROPAGATION DELAYS, 'TO 

Q AND ER, PLUS RECOVERY 
TIME 15" TO CP 

~---·-··------·-- ----

Fig. 5 

PROPAGATION DELAYS, MR 

TO Q AND ER PLUS 

RECOVERY TIME, MR TO CP 
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