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1.1 INTRODUCTION 
This manual pr>ovides a complete description of the RS64 
Timing Track Writer; including physical, functional, logic 
and flow diagram descriptions, speCifications; andutiliza­
tion and nlam,tenance procedures. 

1.2 GENERAL DESCRIPTION . 
The RS64 Timing Track Writer. (RS64"TA) is a portable 
unit used to write timing tracks on disks in the RS64 Disk 
Drive. The timirig tracks must be rewritten after installing 
new timing track heads or a new disk surface. . 

NOTE 
If data errors occur immediately after the disk 
surface is cleaned, the first corrective action 
should be to rewrite the timing tracks. How­
ever, reWriting the timing tracks destroys all the 
data stored on the disk. This is because the data 
stored using the old timing tracks will be out of 
.sync with the new timing tracks and therefore 
cannot be retrieved accurately. 

The RS64-TAis completely contained in a carrying case 
and cOllnectsdirectly to the disk drive's timing track heads. 

Operating power for the RS64-TA is provided by the disk 
drive via a power cable/tester cable combination which 
routes dc power from the disk drive's power supply directly 
to the writer. 

1.3 PHYSICAL DESCRIPTION 
The RS64-TA (Figure 1-1) consists of the following: 

Carrying Case 

Control Panel Assembly 

Disk Plug Cable 

CHAPTER 1 
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CGntrol ParielCable 

RS64 PS/TestCable 

Power Cable 

Wired Assembly 

Disk Preamplifier and Peak Detection Module (G088) 
(three) 

Disk Writer with Power Fail Module (G29l) (six) 

50 rnA Indicator Driver Module (M050) 

Inverter Module (MIll) 

NOR Gate 2 Input Module (Ml12) (two) 

NAND Gate 21nputModuie (MIl 3) (two) 

NAND Gate 3 Input Module (Ml15) 

NAND Gate 4 Input Module (M117) 

NAND Gate 8 Input Module (MI19) 

R/S Flip-Flop Module (M203) 

D-Type Flip-Flop Module (M205) (two) 

8-Bit Buffer Shift Register (M208) 

Binary Up/Down Counter Module (M21l) (two) 

Dual Delay Multivibrator (M302) 

Variable Clock Module (M40l) 

Pulse Amplifier Module (M602) 



POWER CABLE 
(7008588) 

RS64 PS/TEST 
CABLE (7008668) 

CONTROL PANEL 
CABLE (7008589) 

WIRED 
ASSEMBLY 

CONTROL PANEL 
ASSEMBLY (9305476) 

Figure 1-1 RS64-TA Components 
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RS64-TA 
MODULES 

DISK PLUG 
CABLE (7008590) 
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1.3.1 Control Panel Assembly 
The 9305476 control panel (Figure 1-1) contains a signal 
input connector slot and controls and indicators necessary 
to write timing on the surfaces of RS64 disks. Refer to 
engineering drawing D-AD-9305476-O-0 for wiring data, 
parts identification, and complete physical layout. 

1.3.2 Disk Plug Cable 
The 7008590 disk plug cable (Figure 1-1) consists of a 
module connector which mounts to the control panel 
assembly, a connector m~dule (M908) which mounts in slot 
BI7 of the wired assembly, and cabling which routes the 
timing track signals from the wired assembly to the control 
panel. Refer to engineering drawing D-IA-7008590-0-0 for 
wiring data, parts identification, and physical specifications. 

1.3.3 Control Panel Cable 
The 7008589 control panel cable (Figure 1-1) consists of a 
connector module (M908), which mounts in slot At7 of 
the wired assembly, and cabling. This cable assembly 
connects the contiol panel switches and indicators to the 
wired assembly. Refer to engineering drawing 
D-IA-7008589-0-0 for wiring data, parts identification, and 
physical specifications. 

1.3.4 RS64 PS/Test Cable 
The 7008668 test cable (Figure 1-1) consists of a 12-pin, 
male Mate-N-Lok connector, a 12-pin, female Mate-N-Lok 
connector, and a 12-wire cable harness. The cable routes dc 
power from the RS64 Disk Drive's power supply to the 
RS64-TA power cable. Refer to engineering drawing 
C-IA-7008668-0-0 for wiring data, parts identification, and 
physical specifications. 
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1.3.5 Power Cable 
The 7008588 power cable (Figure 1-1) consists of a 4-wire 
cable harness with a male, 12-pin Mate-N-Lok connector 
attached to one end. The cable routes dc power from the 
RS64 PS/test cable to the wired assembly backpanel. Refer 
to engineering drawing D-JA-7008588-O-O for wiring data, 
parts identification, and physical specifications. 

1.3.6 RS64-TA Modules 
For detailed information on the modules used in the 
RS64-T A, see Appendix A. 

1.4 SPECIFICATIONS 

1.4.1 Environmental 
Ambient Temperature, 0 C 

o to 50 operating 
-10 to 65 storage 

Relative HUmidity, % 
10 to 90 (without condensation, operating) 
5 to 95 (storage) 

1.4;2 Power Requirements 

+20V) 
+5 V Power taken from disk drive?s power supply 
-15 V 

1.4.3 Packaging 
Carrying Case Dimensions 

12 in. H X 18 in. W X 6-1/2 in. D 
Weight, 

271b 
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CHAPTER 2 
UNPACKING,ACCEPTANCE 

TESTING, AND SETUP 

2~1 UNPACKING PROCEDURE 
To unpack the RS64-TA, proceed as follows: 

1. Remove the carrying case from the shipping 
carton and inspect for exterior damage. Damage 
claims should be directed ~o the responsible 
shippers. 

2. Open the carrying ease and inspect the 
RS64-TA components for damage. 

3. Verify that all components are present per 
Paragraph 1.3. 

2.2 ACCEPJ'ANC£ TES1'PROCEDURE 
The R864-TA is shipped ready to use. If the unit is not 
operating properly, refer to Chapter 5 (Maintenance) and 
diagnose and correct the PJoblem,. . Service should be 
performed, by qualified service personnel only .. 

NOTE 
If faulty operation is detected at aay point in 
the following procedure., rder to Chapter 5 and 
correct the fault before proceeding' to the next 
step in the procedure. 

NOTE. 
To make the RS64-TA ried assembly acces· 
sible, remo~e the RS64. TA chassiS from' the 
carrying, case and: unscrew and remove the rear 
portion of the chassis cover and the chassis 
baekpl&te'. 

1. Check the' wired assembly backpand for bent 
pins-

2~ Using the external components, list el'able 2:~1 ,. 
cheek that alt resistors and! capadtolls ape 
propetly connected to" the wed assembly 
backpanel pins. 

2-1 

Resistors 

Ca{lacitors: 

Table 2-1 
External Components 

Parameters Location 
From To 

1/4 W, lK A24EI A24KI 
A24E2 A24K2 
A24L1 A24Rl 

1 W. 30an A14A2 AI7S2 

6.8 JlF. +35 Vdc AllB2(-) AIOC2(+) 
BIFl(-) BIL2(t) 

. BIRl(-) BlS2(+) 
A12C2(-) A14A2(+) 

, ASC2(-) A3A2(+) 

3'. Perform steps 1, 2, 4, and 5 of the setup 
procedure (paragraph 2.3). 

4. Check for proper dc voltages at the RS64-TA 
. wired assembly {lias listed below. 

A16C2 
AIA2 
A14A2 
A16JJ2 

GND 
+5V 
f20V 
-IS V 

5:. Set the RS64-T A MAINT toggle switch to 
MAINT. 

6.' Set the RS64-TA 50HZ/60HZ toggle switch to 
60HZ. 

7. Turn the RSM-T A GAP ADJUST knob fuRy 
counterclociwise aJ)'d then turn it clockwiSe 
five complete turns., 



NOTE 
An oscilloscope (Tektronix 453 or equiv­
alent) is required to perform the follow­
ing steps. 

8. Connect the channell probe to pin AID2 on 
the RS64-TA wired assembly. 

9. The clock repetition rate should be 210 ns 
(positive pulse). 

10. Rotate the GAP ADJUST knob clockwise and 
counterclockwise; observe that the clock repeti~ 
tion rate varies. 

11. Connect the channell probe to pin BIF2 (CLK 
RUN L) on the RS64-TA wired assembly; 
observe a 55 ± 5 ms positive·going pulse (adjust­
able). 

12. Connect the channel 1 probe to pin B9F2 
(DLY A H) on the RS64-TA wired assembly; 
observe a positive-going pulse of approximately 
275 ± 25 IlS in duration (fixed setting). 

13. Connect the channel 2 probe to pin B9T2 
(DLY B H) on the RS64-TA wired assembly; 
observe a· positive-going pulse 100 IlS longer 
than DLY A H (pin B9F2). 

14. Set the scope controls as follows: 

• 

• 

Vertical 

Mode =ALT 
Sensitivity = 0.2 V/div 
Coupling = dc 

Horizontal 

A sweep time = 100 ns/div 
Trigger = Normal/internal 
Slope = Positive 

15. Connect the channel 1 pro be to pin A2J 2 (CLK 
H) and the channel 2 probe to pin A2El (CLK 
A H) on the wired assembly; observe that A2El 
is 90 degrees out of phase with A2J2 and that 
the pulse width of both signals is 440 ns. 

16. Change scope sweep time to 5 ms/div; observe a 
pulse train length of 33 ms. 
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17. Set the scope controls as follows: 

• Vertical 

• 

Mode = Channell 
Sensitivity = 0.2 V/div 
Coupling = dc 

Horizontal 

A sweep time = 10 ms 
Trigger = Normal 

18. Connect the channell probe to pin A4J2 
(WREN H) on the wired assembly; observe a 
positive-going pulse of 90 ±10 ms. 

19. Set scope sweep time to 100 ns and connect 
the channel 1 probe to wired assembly pin 
AI0U2 (WFA H); observe positive-going pulse 
of 840 ns. 

20. Set scope sweep time to 5 ms; observe a pulse 
train length of approximately 33 ms. 

21. Set scope sweep time to 21ls and connect the 
channel 1 probe to wired assembly pin A1OJ2 
(WFB H)~ observe positive-going pulses of 17 ± 
0.5 IlS. 

22. Set scope sweep time to 0.5 ms; observe a pulse 
repetition rate of approximately 0.5 ms. 

23. Set scope sweep time to 5 ms; observe a pulse 
train length of approximately 33 ms. 

24. Connect the scope probe to wired assembly pin 
AlOEI (WFC H); observe a pulse train length of 
approximately 33 ms. 

25. Set the scope to 5 V / div sensitivity and 10 ms 
. sweep time and scope wired assembly pins E2 

and F2 at locations All, AI2,A13, B12, B13, 
and B14; observe that write amplifier outputs 
are present at each pin (Figure 2-1). 

26. Check the slice voltage on the G088 modules, 
pin BU2 at slot positions 14, 15, and 16. Slice 
voltage should be -1.4 V. 

27. Remove dc power from the RS64 Disk Drive by 
turning power off at the main computer con­
sole. -

28. Set the RS64-T A MAINT toggle switch down. 

( 
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a. Pin E2 b. Pin F2 

Figure 2-1 Write Amplifier Output Waveforms 

2.3 SETUP PROCEDURE 
To connect the RS64-TA to the RS64 Disk Drive, proceed 
as follows: 

1. Remove dc power from the RS64 Disk Drive by 
turning off the power at the main computer 
console. 

NOTE 
The ac power to the RS64 Disk Drive 
must remain on. 

2. Disconnect the dc power connector on the top 
of the RS64's power supply and connect the 
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RS64 PS/test cable (which connects to the 
RS64-TA power cable) to the power supply. 

3. Disconnect the disk drive's timing cable assem­
bly from module slot F09 and ins~rt it into the 
module connector on the RS64-TA control 
panel (Figure 3-1). 

4. At the RS64-TA, set the 50HZ/60HZ toggle 
switch to the ac input line frequency of the 
disk drive. 

5. Turn power on at the main computer console 
to apply dc power to the RS64-TA. 
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CHAPTER 3 
OPERATION AND UTILIZATION 

3.1 SCOPE 
This chapter covers complete operation of the RS64 Timing 
Track Writer, including a description of front panel controls 
and indicators and a utilization procedure. 

3.2 CONTROLS AND INDICATORS 
The RS64-TA control panel (Figure 3-1) is equipped with 
the controls and indicators necessary to: 

• ' Adjust the gap (the elapsed time between the 
end and the beginning of the timing tracks). 

• 
• 

Initiate a timing track write operation. 

Select different clock repetition rates in accor. 
dance with the disk drive's ac input line 
frequency. 

Table 3-1 identifies each control and indicator by name and 
function. 

3.3 UTILIZATION PROCEDURE 
Timing tracks must be rewritten after installing new timing 
track heads or a new disk surface. 

3.3.1 Procedure for Writing'Timing Tracks 
To write timing tracks, proceed as follows: 

'NOTE 
If faulty operation is detected at any point in 
the following procedure, refer to Chapter 5 and 
correct the' faidt 'before proceeding to, the next 
step in the procedure. 

7024-4 

Figure 3-1 RS64-TA Control Panel Controls and Indicators 
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Item 
(FigUre 3.1) 

L 

2 

3 

10 

11 

12 

Table 3·1 
RS64·TA Control Panel Controls and Indicators 

Name 

TTA/TTB/TTC test pins 

.. 

MAINT toggle switch 

WRITE ENABLE toggle switch 

WRITE VOLTAGE indicator 

50HZ/60HZ toggle switch 

Module Connector 

Function 

These test pins enable the timing information written on the 
disk surface to be monitored at the control panel using an 
oscilloscope . 

Selects maintenance mode for checkout and troubleshooting. 
Selecting MAINT causes the RS64·T A to perform write 
operations continuously. , 

Setting this toggle switch to WRITE ENABLE enables the 
RS64·TA to write timing tracks and lights the WRITE 
VOLTAGE indicator. 

illuminates when power is· applied to the timing track wrIter 
and the WRITE ENABLE toggle switch is,on. 

Selects one of two clock repetition rates based on the disk 
drive 'sac input line fn::quency. . . 

The RS64 Disk Drive's timing track cable connector inserts 
into this connector, thereby connecting the RS64·TA to the 
timing track heads. 

3·2 
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CAUTION 
Timing tracks should be rewritten only when 
necessary. Continuous writing of the timing 
tracks may damage the disk drive's timing track 
heads. 

1. Perform the RS64-TA setup procedure per 
Paragraph 2.3. 

2. At the RS64-TA: 

CAUTION 
Ensure, that the MAINT toggle switch 
(Figure 3-1) is down prior to setting the 
WRITE ENABLE toggle switch on. 
Otherwise, the disk drive's timing track 
heads may be damaged. 

a. Set the WRITE ENABLE toggle switch 
on; observe that the WRITE'VOLTAGE 
indicator illumihates. 

b. Depress the PUSH TO WRITE push­
button; observe the INCREASE, GAP 
OK, and DECREASE neons. 

NOTE 
The RS64-T A writes the timing tracks 
only once each time the PUSH TO 
WRITE pushbutton is depressed. 

c. If the GAP OK neon illuminates, the 
timing tracks have been written correctly; 
proceed to step 3. 

d~ If the INCREASE neon illuminates, turn 
the GAP ADJUST knob clockwise and 
repeat steps b. and c. 

e. If the DECREASE neon illuminates, turn 
the GAP ADJUST knob counterclockwise 
and repeat steps b. and c. 

NOTE 
An oscilloscope (Tektronix 453 or equiv­
alent) is required to perform the follow­
ing steps. 

3-3 

3. Set the scope controls as follows: 

Vertical =_0.2 V/div (XI0 probe) 
Mode = Channell 
Coupling = dc 
A sweep time = S ms/div 
Trigger = Line 

4. Connect the channell scope probe to test pin 
TTA on the RS64-TA control panel. 

5. Depress the control panel PUSH TO WRITE 
pushbutton; observe timing track A on the 
oscilloscope display as shown in Figure 3-2. 

6. Depress the RS64-TAPUSH TO WRITE push­
button; observe that timiJ;J.g track A momen­
tarily disappears and reappears each time the 
PUSH TO WRITE pushbutton is depressed. 
This is due to the erase operation performed by 
the RS64-TA just prior to rewriting timing 
tracks. 

7. Connect the channel 1 pro be to test pill TTB 
on the RS64-TA control panel and observe 
timing track B. 

8. Connect the channell scope probe to test pin 
TTC on the RS64-TA control panel and observe 
timing track C. 

9. Set the RS64-TA WRITE ENABLE toggle 
switch off and observe that the WRITE 
VOLTAGE indicator extinguishes. 

1 0. Remove dc power from the RS64 Disk Drive by 
turning off the power at the main computer 
console. 

11. Disconnect the RS64-TA dc power cable from 
the disk dtive's,power supply. 

12. Remove the timing track cable from the 
RS64-TA control panel connector and insert it 
into slot E09 of the RS64 Drive electronjcs. 

13. Reconnect the dc power connector on top of 
the RS64's power supply. 

14. Apply dc power to the disk drive. 
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Figure 3-2 Timing Track A Waveform 

3.3.2 Verification of Timing Track Writer Performance 
After writing. new timing tracks, the RS64 Disk Drive's read 
amplifier-peak detectors must be readjusted and diagnostics 
must be run to verify that the timing tracks were correctly 
written. 

3.3.2.1 Read Amplifier-Peak Detector Adjust­
ments - Initially, the read amplifier-peak detectors are 
statically adjusted for a nominal operating point. Next, 
each is dynamically adjusted using a controller for bit 
patterns and for error detection. The dynamic adjustment 
entails locating a mean point between data peaks and noise 
peaks. To perform these adjustments: 

1_ Using an oscilloscope or YOM, adjust all four 
read amplifier-peak detectors for static 
threshold operating value of -1.2 Y. Access. 
points for the read amplifier-peak detectors are 
as follows: 

3-4 

Read Amplifier­
Peak Detector 

Clock 
Sector Mark 
Address 
Data 

Access Point 

F08-U2 
F07-U2 
F06-U2 
D07-U2 

2. Write a pattern (all Is, for example) on one 
complete data track, then begin a repetitive 
read' and comparison operation for that track .. 

3_ Connect an oscilloscope or VOM at the clock 
read amplifier-peak detector test point 
(F08-U2). 

4. While monitoring for errors, slowly adjust the 
clock threshold potentiometer for a more posi­
tive indication. When an error occurs, record 
the threshold indication as YHigh. ( 



( 

5. Adjust the potentiometer for a more negative 
. threshold value and observe where the error 

occurs. Record this value as V Low' 

6. Calculate the mean threshold as follows and set 
- the potentiometer for that value. 

7. 

V mpt = (V High + V Low)/2 

Using steps 2 through 6, set up the threshold 
for the sector mark and address read amplifier­
peak detectors. Test points are as follows: 

Sector Mark 
Address 

F07-U2 
F06-U2 

8.· For the data read amplifier-peak detector 
adjustment, write an all-zero pattern in every 
track. Next, initiate a repetitive read and 
comparison for track 17 s . (The outermost data 
track· normally has the greatest amount of noi~ 
and wobble.) 

9. 

10. 

11. 

Connect the oscilloscope to the data read 
amplifier-peak detector test point (D07-U2). 
While observing the data comparison result, 
adjust the data threshold potentiometer (for a 
more positive scope indication) until an error 
occurs. Decrease the threshold setting slightly 
·until no errors occur. 

Read and compare data for all other tracks. If 
.no errors are detected for the other tracks, 
proceed to step 11. If errors are detected 
(signifying tracks with greater amounts of noise 
than track 17s), record the track numbers 
containing errors. Readjust the data threshold 
while reading and comparing data from these 
tracks and locate the noisiest track on the disk. 

Record the threshold voltage (VHi~h) for track 
17 s or the noisiest track on the diSK. 
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12. To define the lowest threshold (VLow)' write 
all" ones for every track. Initiate a repetitive 
read and comparison operation for track 30s . 
(The innermost track will normally have the 
lowest amplitude data peaks.) Adjust the data 
threshold potentiometer (for a more negative 
threshold) until an error occurs. Decrease the 
threshold setting slightly until no errors occur. 

13. Read and compare data from all tracks. If no 
errors are detected for the other tracks, proceed 
to step 14. If errors are detected (signifying 
tracks having data peaks less than the 
thresh.old) record the track numbers. Readjust 
the data threshold while reading and comparing 
data from these tracks. Locate the lowest data 
peak track and set up the threshold for this 
track. 

14. Record the threshold voltage (VLow) for track 
30s or the track having the lowest data peaks. 

15. Calculate the mean "threshold as shown in step 6 
and set the potentiometer for that value. 

3.3.2.2 Verification of Timing Tracks - To verify that the 
timing tracks were written properly, proceed as follows: 

1. 

2. 

3. 

4. 

5. 

Load the disk data diagnostic (MAINDEC-ll­
DZRCB). 

Set the switch register to 200s and depress 
LOADADRS. 

Set the switch register to OOOOOOsand depress 
START; observe diagnostic printout. 

To check that the spare set of timing tracks was 
written correctly, reverse the timing track cable 
connector at RS64 electronics slot E09; recali­
brate the gain settings for timing tracks A, B, 
and C read amplifier-peak detectors per Para­
graph 3.3.2.1; and repeat steps 3 and 4. 

Restore the timing track cable connector to its 
normal configuration; recalibrate the gain set­
tings for t!ming track read amplifier-peak detec­
tors per Paragraph 3.3.2.1; and run one addi­
tional pass of the disk data diagnostic (random 
mode). 
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4.1 SCOPE 
This chapter provides a detailed description of the RS64 
Timing Track Writer. The description is provided in three 
parts: a functional description, a detailed logic description, 
and a flow diagram description. 

4.2 FUNCTIONAL DESCRIPTION 

4.2.1 Introduction 
The RS64-TA is used to write timing tracks on the surfaces 
of disks used in RS64 Disk Drives. These tracks preformat 
the disk to satisfy synchronization, clocking, and data 
location requirements of the RC11/RS64 DECdisk system, 
and must be recorded before data can be stored on the disk. 

As illustrated in Figure 4-1, the timing tracks are recorded 
so that the disk surface is divided into three distinct 

- areas: a sync sector, 778 data sectors, and a gap. 

• The sync sector (the first sector to be recorded) 
contains a clock signal which enables the 
DECdisk system to synchronize with the disk 
surface prior to storing or retrieving data. 

• 

• 

The 778 data sectors (which follow the sync 
sector) contain clocking, data location, and 
addressing information, which serve to locate 
the data sectors on the disk surface; the data 
sectors also provide a clock signal to be used by 
the DECdisk system to actually gate the data to 
and from the disk surface. 

The gap is nothing more than a uniform, blank· 
area on the disk surface; i.e., no timing informa­
tion or data is recorded in that area. The gap is 
not visibly discernible on the disk surface as 
there are no markings such as notches or slits in 
the disk surface or on the disk edge. The gap 
allows time for the DECdisk system to switch 
from one read/write head to another. If this 
time were not provided, the disk drive logic 
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would have to wait one complete revolution of 
the disk to resynchronize whenever a different 
head was selected. The width of the gap area is 
critical to accurate data storage and retrieval. If 
the repetition rate of the clock internal to the 
RS64-TA is adjusted properly when the timing 
tracks are written, the gap is from 250 to 
350 J.1s wide, i.e., it takes 250 to 350 J.1s for the 
gap to pass under the read/write heads. 

To verify that the gap meets specifications, the 
RS64-TA logic measures the gap after each 
timing track write operation. The logic mea­
sures the elapsed time between the end of track 
A and the beginning of track A, and illuminates 
the control panel INCREASE/GAP OK/ 
DECREASE indicators accordingly. If the GAP 
OK indicator fails to illuminate, the operator 
must vary the clock fate using the GAP 
ADJUST knob and rewrite the timing tracks 
until a proper indication is obtained. 

As illustrated in Figure 4-1, three types of timing tracks (A, 
B, and C) are recorded on the disk surface. Each timing 
track performs a specifiy function: 

• Track A provides a clocking signal and is 
recorded in the sync sector and the data 
sectors. In the sync sector, it synchronizes the 
DECdisk system to the disk. In the data sectors, 

• 

. it gates the data to and from the disk surface. 

Track B provides address and data markers and 
is recorded only in the data sectors. The address 
marker is recorded once per data sector and 
marks the beginning of the block or sector 
address which is recorded on track C. The data 
marker is recorded once per data sector and 
marks the beginning of data which is recorded 
on the data tracks. 
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• Track C provides block addresses and is 
recorded only in the data sectors. The block 
address is recorded orice per data sector and 
identifies the data sector in which it is 
recorded. The block address is recorded at the 
beginning of the data sector so that the RS64 
Disk Drive reads the address just before the 
data portion of the identified sector passes 
under the read/write heads. 

A synchronizing preamble and a parity bit are 
included with each block address. The synchro­
nizing preamble (two bits) permits the DEC disk 
system to synchronize with block address infor­
mation without having to compensate for skew' 
between track A and track C. The parity bit 
maintains odd parity. 

The RS64-TA writes two identical sets (total of six) of the 
timing tracks described above: primary timing tracks and 
spare timing tracks. The spare tracks are used only if the 
primary tracks are erased or damaged. 

NOTE 
To change over from the RS64 Disk Drive's 
primary timing tracks to the spares if the 
primary tracks are damaged, tum off dc power 
at the main computer console, disconnect the 
timing· track cable connector from slot EO,9 of 
the disk drive electronics, rotate the connector 
180 degrees, reconnect the connector, and 
recalibrate the disk drive's timing track. read 
amplifiers per Pamgraph 3.3.2.1. 

4.2.2 Functional Block Description 
The functional block diagram (Figure 4-2) illustrates the 
major logic sections and the control panel switches, 
indicators, and test pins. 

Assuming that the control panel WRITE ENABLE toggle 
switch is up, the RS64-TA begins to write timing tracks 
when the control panel PUSH TO WRITE pushbutton is 
depressed. This action asserts the START line, which 
triggers the write enable logic and causes CLR (clear) to 
assert. CLRinitializes the RS64-TA logic, i.e., clears all 
counters, registers, and flip-flops with the exception of the 
WREN (write enable) flip-flop, which is set.' Setting the 
wREN flip-flop asserts WREN, which turns on the timing 
track write amplifiers in the write control and read logic. 
The write amplifiers write all zeros on the timing tracks for 
50 ms, thus erasing all timing information from the disk 
surface. Mter 50 ms, RUN asserts and enables the clock 
logic. The clock then activates CLK and CLK A. CLK is 
input to the write control and read logic and is used to 
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write track A on the disk surface. CLK is also input to the 
bit counter, the word counter, and the block address shift 
register. CLK A is used by the block address shift register. 
Although the bit counter and word counter are active 
during the writing of the first sector (the sync sector), the 
bit count decoder outputs (BC EQ 03, BCEQ 04, etc.) and 
the word count decoder outputs (WC EQ 00 and WC EQ 
01) are not used because the word counter ST TM output is 
cleared, thereby inhibiting the writing of tracks Band C. 
Therefore, during the sync sector, the bit counter and word 
counter complete a normal 600-bit count cycle (thirty-five 
17-bit words, plus one 5-bit word); at the end of that count 
cycle, ST TM is asserted. The assertion of ST TM enables 
the block address shift register and the Band C portions of 
the write control and read logic. 

Mter the first sector (the sync sector) count cycle is 
completed, the count cycle for the next sector (thefrrst 
data sector) begins immediately. The CLK signal continues 
to write track A and increment the bit counter. When the 
bit counter reaches a count of 06, the bit count decode 
logic asserts BC EQ 06 (bit count equals 06), which is 
ANDed with WC EQ 00 (word count equals 00) at the write 
control and read logic, causing the address marker bit to be 
recorded on track B. The bit counter then continues to 
count and BC EQ 12 asserts and conditions the block 
address shift register incrementation logic. BC EQ 12 is also 
ANDed with WC EQ 00, causing a 1 to be written on track 
C as the first of two sync bits. (The sync bits make up the 
sync preamble of the block address.) On the next count, BC 
EQ 12 clears and a 0 is written on track C as the second 
sync bit. On the next count, BC EQ 14 asserts and is 
ANDed with WC EQ 00 at the block address shift register, 
causing the assertion of SAD (shift address) and activating 
the SR 00 (shift register 00) output. The assertion of SAD 
enables the C portion of the write control and read logic; 
each time the SR 00 line asserts, the CLK line causes a 1 to 
be written on track C. During the first data sector, for 
example, the block address shift register contains all zeros. 
Therefore, six zeros are written on track C as the block 
address. 

While the block address is being written, the bit counter 
continues to increment and, at bit count 17, the bit counter 
is cleared, the word counter is incremented, and WC EQ 01 
asserts. The bit counter continues and, when BC EQ 03 
asserts, the block address shift register is incremented by 1, 
SAD is cleared, and PAR ENB (parity enable) asserts. PAR 
ENB is then ANDed with PAR (parity) at the write control 
and read logic, causing the parity bit to be written on track 
C. In this case, the address recorded (address 0) has an even 
number of Is; therefore, PAR is asserted and a 1 is written 
for parity, thus maintaining odd parity. 
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Mter parity is written, the bit counter is incremented and 
BC EQ 04 asserts and resets the parity logic in the block 
address shift register. The bit counter continues and, when 
BC EQ 09 asserts, it is ANDed with WC EQ 01 at the write 
control and read logic, causing the data marker bit to' be 
recorded on track B. Thus, the recording of timing 
information on tracks Band C is completed for the frrst 
data sector. 

For the remainder of the first data sector, timing informa­
tion is recorded on track A only. The bit counter and word 
counter continue to count, however, and when the word 
count equals 35 and the' bit equals OS, the word count 
decode logic asserts EOB CLR (end of block clear), which 
signals the end of the current sector count cycle. EOB CLR 
clears the bit counter and word counter to zero, thus 
preparing the counters to start the next count cycle. The 
next count cycle begins on the next clock pulse. 

The logic operations performed during each successive data 
sector count cycle are identical to those for the frrst count 
cycle, except the block address recorded in each successive 
sector is increased by 1 due to incrementation of the block 
address shift register. Thus, the count cycle is repeated over 
,and over until timing information is recorded on each of 
the 64 (0 through 63) data sectors. At the end of the 64th 
data sector count cycle, the block address shift register 
asserts LWD (last ~ word), which clears the RUN line 
(disabling the clock) and enables the gap detect lOgic. The 
gap detect logic then asserts R DLY (read delay), which 
clears the WREN output from the write enable logic. When 
WREN clears, the write amplifiers are disabled (ending the 
record operation) and the gap detect time-out circuits are. 
triggered. 

The gap detect logic then measures the gap. As the gap 
detect circuits time out, the read amplifiers in the write 
control and read logic monitor the feedback from the disk 
drive's read/write heads. When timing information is 
detected on track A,TTA (timing track A) asserts and one 
of the indicator control lines (INCREASE/GAP OK/ 
DECREASE) asserts to indicate whether the gap meets 
specification. The RS64-T A then stops, having completed 
one write operation. 

The control panel test pins are provided for checkout and 
maintenance. The test pins are connected to the outputs of 
the read amplifiers in the write control and read logic. The 
read amplifiers are connected directly to the disk drive's 

- read/write heads via the write lines [AWR (1), AWR (0), 
AWRS (1), etc.] ; the read amplifiers read the actual A, B, 
and C timing tracks once they are recorded. The timing 
tracks can be monitored using an oscilloscope. 

4.3 DETAILED LOGIC DESCRIPTION 
The following paragraphs provide detailed logic descriptions 
of each of the functional blocks illustrated in Figure 4-2. 

4.3.1 Write Enable Logic 
The write enable logic initiates and terminates RS64-TA 
write operations (Figure 4-3). Each time the control panel 
PUSH TO WRITE pushbutton is depressed, the M203 
flip-flop sets and triggers the CLK RUN, SO ms one-shot 
and the M60~, B02A, lIOns one-shot; CLR Land CLR H 
assert immediately and the WREN flip-flop sets. After 
SO ms, CLK RUN L asserts and triggers the MAINT 
ENABLE, SO ms one-shot and the M602, B02B, 110 ns 
one-shot. STP L then asserts, setting the RUN flip-flop. The 
write enable logic remains in this state until the RS64-TA 
completes one write operation and the LWD Land R DLY 
H inputs assert. LWD L resets the RUN flip-flop, thereby 
inhibiting the clock; R DLY resets the WREN flip.flop, thus 
disabling the write amplifiers in the write control and read 
logic and enabling the gap detect time-out circuits. 

The output of MAINT ENABLE one-shot is only effective 
if the control panel MAINT switch is set to MAINT. 

CAUTION 
The maintenance mode should only be selected 
when the RS64-TA is disconnected from the 
diSk drive's timing track read/write heads. 
Otherwise, the timing track read/write heads 
maybe damaged. 

Setting the MAINT switch to MAINT asserts MEN L 
(maintenance enable) and initiates a write operation, just as 
depressing the PUSH TO WRITE pushbutton does. CLR 
RUN L asserts SO ms later, triggering the MAINT ENABLE 
one-shot, which clears MEN L. Mter SO ms (the SO ms 
allows the RS64-TA to complete the write operation), the 
MAINT ENABLE one-shot resets and asserts MEN L, 
thereby initiating another write operation. Thus, in the 
maintenance mode, the RS64·TA performs write operations 

~ continuously. 
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4.3.2 Clock Logic 
The clock logic generates timing for the RS64-TA (Figure 
4-4). The assertion of RUN L enables the M401 variable 
clock. The control panel 50HZ/60HZ toggle switch selects 
different clock repetition rates in accordance with the disk 
drive's ac input line frequency. The control panel GAP 
ADJUST knob permits frequency variations of :!;l 5% of the 
selected rate. 
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The clock output flip-flops divide the clock repetition rate 
by two, and the output from the CLK A flip-flop lags the 
output from theCLK flip-flop by 90 degrees. The clock 
flip-flops are reset by CLR L each time a new write 
operation is initiated. 

4.3.3 Bit Counter and Bit Count Decode Logic 
The bit counter and bit count decode logic combines with 
the word counter to provide a timing reference within each 
data sector. This -timing reference is used to write address 
and data marker bits (track B) and block addresses (track 
C) on the disk surface (Figure 4-5). The logic consists of an 
M211 binary counter and an AND gate decoder. The CLK 
H input steps the counter from 0 to 1710 , When a count of 
1710 is reached, BC 04 H and BC 00 Hare ANDed with 
'" CLK H (not Clock H) to clear the counter to O. 

The counter is also cleared by other functions during a 
write operation. The CLR L line clears the counter each 
time a . write operation is initiated. EOB CLR L clears the 
counter at the end of each block or sector. 

( 

c 
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4.3.4 Word Counter and Word Count Decode Logic 
The word counter and word count decode logic combines 
with the bit counter to provide a timiIig reference within 
each data sector for writing the address and data marker 
bits (track B) and the block addresses (track C) on the disk 
surface (Figure 4-6). In addition, this logic monitors the bit 
count and word count to determine when to end one block 
count cycle and start the next. 

The logic consists of an M211 binary counter, an AND gate 
decoder, and ST TM logic. When CLK H asserts and steps 
the bit counter to a count of 1710 , the BC EQ 00 and BC 
EQ 04 inputs assert, satisfying AND gate M1l3 and placing 
a Iowan the COUNT IN line. When CLK H clears (goes 
low), the COUNT IN line goes high and increments the 
counter by 1. In this manner, the counter is incremented 
from 0 to 3510 • 
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The word count decode logic monitors the bit counter and 
word counter' outputs and generates outputs accordingly. 
When the word counter equals 0, WC EQ 00 asserts; when 
the word counter equals 1, WC EQ 01 asserts~ When the 
word counter equals 35 and the bit counter equals 5, EOB 
H asserts, triggering the M502 one-shot and conditioning 
AND gate M113. The M502 one-shot sets the ST TM 
llip-flop. When ~ CLK H asserts (CLK H goes low), the 
M113 AND gate is satisfied, EOB CLR L asserts, and the bit 
counter and word counter are cleared. 

4.3.5 Block Address Shift Register Logic 
The block address shift register generates and updates the 
block address and outputs that address to the write control 
and read logic (Figure 4-7). In addition, this logic monitors 
the parity of each block address recorded and provides 
outputs to the write control and read logic to maintain odd 
parity. 
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This logic consists of a shift register, shift register incremen­
tation logic, an AND gate decoder, and control flip-flops. 
When CLR H asserts at the beginning of a write operation, 
the shift register is cleared to zero. The logic then remains 
idle until the sync sector count cycle is completed. ST TM 
H then asserts and the bit counter counts to 1210 . At that 
point, BC EQ 12 H is ANDed with WC EQ 00 H, ST TM L, 
and ~ CLK L to set the CRY (carry) flip-flop. The shift 
register is cleared at this point; therefore, SR 00 H is 
cleared (low). Thus the assertion of CRYH inhibits the 
M1l3 exclusive OR function and asserts SR + 1 H (shift 
register plus 1). The bit counter continues to count and,at 
a count of 1410 , the assertion of - CLK H sets the SAD 
flip-flop, asserting SAD H. The CLK H line then asserts and 
is ANDed with SAD Hand ST TM H to assert SAP L (shift 
address pulse) and SAP H. SAP L is applied to AND gate 
M113, B08, but has no affect because SR 00 H is cleared. If 
SR 00 H were asserted, the assertion of SAP L would cause 
the output of AND gate MI13, B08 to go high and set the 
PAR flip-flop. SAP L is also applied to the shift register. At 
the shift register, the contents of each register are shifted 
down one bit position and due to the assertion of SR + 1 H, 
a 1 is loaded into bit position 05. 

At the same time, SAP H clocks the CRY flip-flop, causing 
it to reset because AND gate M112 is inhibited by SR 00 L 
cleared (high), placing a low on the CRY flip-flop data 
input. Resetting the CRY flip-flop satisfies the M1l3 
exclusive OR function and clears SR + 1 H. Note that every 
assertion of CLK H also increments the bit counter. CLK H 
then asserts again, the contents of the shift register are 
shifted down one bit position, a 0 is loaded into bit 
position OS, and the· bit counter is stepped to a count of 
1610 . The next assertion of CLK H shifts the register 
contents for a third time and steps the bit counter to 171 o. 
The word counter is then stepped to a count of Oland the 
bit counter is cleared to O. Three more clock pulses then 
occur, shifting the register for the fourth, fifth, and sixth 
lines (shifting the 1 into bit position 00) and incrementing 
the bit counter to a count of 03. BC EQ 03 then asserts and 
is ANDed with ST TM H and WC EQ 01 to_assert PAR ENB 
L. PAR ENB L is output to the write control and read logic 
(Figure 4-8), where it is ANDed with ~ PAR H to write the 
parity bit. In this case, PAR H is asserted (block address 
contains an even number of Is); therefore, the parity bit 
will be recorded as a 1. In addition, PAR ENB L is ANDed 
with CLK A L (Figure 4-1) to reset the SAD flip-flop, 
thereby disabling the shift register output (SR 00) to the 
write control and read logic. The next assertion of CLK H 
steps the bit counter to a count of 04. ~ CLK L then 
asserts and pulses the reset side of the PAR flip-flop. In this 
case, the flip-flop is already reset so this has no affect. 
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The block address shift register logic performs the opera­
tion described in the preceding paragraph 641 0 times (once 
for each data sector). At the end of the 64th data sector, 
the shift register contains a block address of O. Therefore, 
when the EOB H line asserts to end the block count cycle, 
the M119 AND gate is satisfied, asserting LWD L and LWD 
H. The assertion of the LWD lines terminates the write 
operation. 

4.3.6 Write Control and Read Logic 
The write control and read logic controls the current flow 
through the timing track read/write heads and monitors 
feedback from those heads for purposes of measuring the 
gap (Figure 4-8). 

The logic is enabled when the control panel WRITE 
ENABLE toggle switch is set to the up position and the 
WREN H line asserts. With WREN H asserted and the write 
flip-flops (WF A, WFB, and WFC) reset (CLR L resets the 
flip-flops), the 0 outputs [AWR (0) H, AWRS (0) H, BWR 
(0) H, etc.] are asserted and all zeroes are written on the 
disk surface for approximately 50 ms. Thus, the disk is 
erased. After 50 ms, the clock is enabled and CLK H begins 
to set and reset the WF A flip-flop, causing current reversals 
in the track A read/write heads. Each current reversal 
records a 1 on the· disk surface. Thus, track A is 
continuously recorded until the WREN H line clears or the 
control panel WRITE ENABLE toggle switch is set to the 
down position. 

While track A records continuously, tracks Band Conly 
record a few bits in each data sector. Track B only records 
two bits per data sector (address and data markers). Track 
C only records nine bits per data sector (block address). 
When the block count cycle for the sync sector is complete, 
the word counter and word count decode logic (Figure 4-6) 
asserts the ST TM lines, thereby enabling the track B and 
track C poritons of the write control and read logiC. When 
the bit counter reaches a count of 06, BC EQ 06 H is 
ANDed with ST TM H and WC EQ 00 H, satisfying OR gate 
M1l3 and placing a high on AND gate M1l3. - CLK H 
then asserts, satisfying AND gate MI13 and placing a low 
on the WFB flip-flop clock input. On the next clock pulse, 
~ CLK H clears, placing a high on the flip-flop clock input 
and thereby setting the flip-flop. A current reversal results 
in the track B read/write heads and a 1 is written for the 
address marker bit. The bit counter continues and, at a 
count of 12, BC EQ 12 H is ANDed with ST TM Hand WC 
EQ 00 H to enable the clock to the WFC flip-flop; -CLK 
H clears and sets the WFC flip-flop, causing a 1 to be 
written for the first of the two sync bits preceding the 
block address. On the same clock pulse, the bit counter is 
stepped to a count of 1310 ; BC EQ12 H is cleared, and the 
MI13 AND gate connected to the WFC flip-flop is disabled. 
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Therefore, on the next clock pulse, the WFC flip-flop 
remains set (no current reversal occurs) and a 0 is written as 
the second sync bit. Note that the bit counter was stepped 
to a count of 1410 by the same clock pulse to record a 0 
for the second sync bit. Therefore, SAD H is asserted and 
ANDed with SR 00 H. The next six clock pulses then 
alternately reset and set the WFC flip-flop each time the SR 
00 H line asserts. On the siXth clock pulse, the PAR ENB L 
line asserts and is ANDed with '""' PAR H. If the block 
address just recorded had an even number of 1 s, '""' PAR H 
is asserted and the next clock pulse resets the WFC 
flip-flop, thereby recording a 1 for the parity bit. Thus the 
block address recording is complete. 

When the bit counter reaches a count of 09, BC EQ 09 is 
ANDed with WC EQ 01 and ST TM and the WFB flip-flop 

LWD L 
. R DLY H 

(TO FIGURE 4-3) 

+3V DLY A H 

-WREN L 

+3V 
-DLY A L 

-DLY B L 

. is reset by the next clock pulse, causing a 1 to be recorded 
for the data marker. This completes Band C track 
recording for one data sector. 

The G088 read amplifiers monitor the timing tracks. After 
the write operation has been performed, the track A read 
amplifier detects the timing information and outputs TTA 
L to the gap detect logic, thus signaling the end of the gap. 

4.3.7 Gap Detect Logic 
The gap detect logic measures the width of the gap and 
drives control panel indicators to indicate whether the gap 
meets specifications. The logic consists of time-out cir­
cuitry, lamp driver circuitry, and a read delay one-shot to 
prevent false triggering (Figure 4-9). 
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DEC 

15V 
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Figure 4-9 Gap Detect Logic Diagram 
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When the write operation is terminated, the gap detect logic 
is enabled. At the end of the last data sector, the block 
address shift register logic asserts LWD L, which triggers the 
200 p,s, read delay one-shot, thereby clearing - R DLY L. 
With - R DLY L cleared, AND gate M112A is inhibited (to 
prevent false triggering by noise caused by the write heads 
turning off) and the write enable logic WREN. flip-flop 
(Figure 4-3) is reset, asserting the - WREN inputs to the 
gap detect logic. The assertion of the - WREN lines triggers 
the time-out one-shots (delay A and delay B) and also 
enables the M1l3 AND gate. Mter 200 p,s, - R DLY L 
asserts, enabling the M112A AND gate. When TTA L asserts. 
(indicating the end of the gap), the BTTA (timing track A) 

4-13 

flip-flop sets, BTTA H asserts, and the three lamp driver 
circuit flip-flops are clocked. If the gap is less than· 250 p,s 
wide, the DLY A H (delay A) line is asserted, the INC 
(increase) flip-flop is set, and the control panel INCREASE 
indicator illuminates. If the gap is more than 350 p,s wide, 
the - DLY A Land - DLY B L lines are asserted, and the 
DEC (decrease) flip-flop sets. If the gap is wider than 
250 p,s but less than 350 p,s, the OK flip-flop sets. 

4.4 FLOW DIAGRAM DESCRIPTION 
The following flow diagram (Figure 4-10) provides a 
step-by-step explanation of the RS64-TA sequence of 
operation. 
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5.1 SCOPE 
This chapter lists the test equipment required and provides 
a complete description of RS64-TA maintenance pro­
cedures, including a preventive maintenance schedule and a 
corrective maintenance troubleshooting flow diagram. 

5.2 MAINTENANCE PHILOSOPHY 
BaSically: RS64-TA maintenance consists of preventive and 
corrective maintenance procedures and a maintenance log. 
The preventive maintenance procedures are performed 
regularly in an attempt to detect any damage caused by 
improper-handling of the unit. The corrective maintenance 
troubleshooting flow diagram is provided to aid service 
personnel in isolating and repairing faults in the circuitry. 
The maintenance log (included in the back of this manual) 
is used to record all maintenance action and aid in detecting 
any component failure pattern that may develop. 

5.3 TEST EQUIPMENT REQUIRED 
RS64-TA maintenance procedures require the test equip­
ment, tools, and materials listed in Table 5-1, in addition to 
standard hand tools, cleaners, test cables, and probes. 

5.4 PREVENTIVE MAINTENANCE 
Preventive maintenance consists of tasks performed at 
periodic intervals or whenever the timing track writer is 
shipped to ensure proper equipment operation and mini­
mum unscheduled maintenance. These tasks include visual 
inspection and operational checks. Table 5-2 provides a 
recommended preventive maintenance schedule. 

5.5 CORRECTIVE MAINTENANCE 
The following information will aid the service technician in 

. isolating failing RS64-TA components. The information is 
presented in flow diagram form so that correctly function­
ing RS64-TA circuitry is systematically eliminated. Using 
the flow diagram (Figure 5-1) and logical deductive 
reasoning, faulty components can be located. 
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CHAPTER 5 
MAINTENANCE 

Table 5-1 
Test Equipment Required 

Equipment Manufacturer Designation 

DECdisk System Digital RCll/RS64 

Oscilloscope Tektronix Type 453 or equivalent 

XIO Probe (2) Tektronix P6008 

MuItimeter Triplett/Simpson Model 310/Model 260 

Module Extender Digital W974 (Dual Height) 

Table 5-2 
Preventive Maintenance Schedule 

Performance Interval 

Monthly 

Monthly 

Monthly 

Quarterly 

Quarterly 

Quarterly 

Test or Procedure 

Visually inspect for 
physical damage; 
correct if required. 

Clean externally. 

Check that all modules 
are properly seated in 
the wired assembly. 

Clean internally with 
vacuum cleaner or a 
soft brush. 

Check for looseness of 
the knobs, switches, 
and indicators. 

Perform RS64-T A 
Acceptance Test Pro­
cedure (paragraph 2.2). 
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Figure 5-1 RS64-TA Troubleshooting Flow Diagram (Sheet 1 of 6) 
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Figure 5-1 RS64-TA Troubleshooting Flow Diagram (Sheet 2 of 6) 
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Figure 5-1 RS64-TA Troubleshooting Flow Diagram (Sheet 3 of 6) 
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NOTES: 

PERFORM STEPS 
7 AND80F THE 
PROCEDURE FOR 
WRITING TIMING 
TRACKS 
(PARA 3.3.1) 

TO VERIFY THAT 
TIMING TRACKS 
WERE WRITTEN 
CORRECTLY, 
PERFORM READ 
AMPLIFIER·PEAK 
DETECTOR 
ADJUSTMENTS 
(PARA 3.3.2.1 
AND STEPS 1 
THRU 5 OF 
PARA 3.3.2.2) 

COMPONENT 
(SEE NOTE 5) 

1. Refer to RS64-TA Operation Flow Diagram (Figure 4-10) and engineering 
. drawing D-BS-RS64-TA-03 and isolate the fault. 

2. Reter to RS64-TA Operation Flow Diagram (Figure 4-10) and engineering 
drawings D-BS-RS64-TA-03 and 04 and isolate the fault. 

3. Refer to RS64·TA Operation Flow Diagram (Figure 4·10) and engineering 
drawings D-BS·RS64-TA·04 and 05 and isolate the fault. 

4. Refer to RS64-TA Operation Flow Diagram (Figure 4-10) and engineering 
drawings D·BS-RS64-03 and OS and isolate the fault. 

S. Reter to RS64-TA Operation Flow Diagram (Figure 4-10) and engineering 
drawings D-BS-RS64-TA-03, 04 and 05 and isolate the fault. 

CP-1156 

Figure 5-1 RS64-TA Troubleshooting Flow Diagram (Sheet 6 of 6) 
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APPENDIX A 
MODULE DESCRIPTIONS 

The RS64-TA contains 16 types of logic modules. This appendix provides detailed information on each type. The modules 
are discussed in the following order: 

G088 Read Amplifier-Peak Detector 

G 291 Disk Writer 

MOSO 50 rnA Indicator Driver 

MIll Inverter 

Ml12 NOR Gate 

M113, MllS, MIl7, M119 NAND Gates 

M203 8 R/S Flip-Flops 

M20S General Purpose Flip-Flops 

M208 8-bit Buffer/Shift Register 

M211 Binary Up/Down Counter 

M302 Dual Delay Multivibrator 

M401 Variable Clock 

M602 Pulse Amplifier 

A-I 



G088 READ AMPLIFIER-PEAK DETECTOR 

AS2 

DISK { AE2 
HEAD AV2 
INPUT AF2 

AT2 

PEAK 
DETECTOR 

BU2 

POLARITY BH2 

STROBE BE2 

CP-0058 

G088 Read Amplifier-Peak Detector Simplified Diagram 

The read amplifier-peak detector reconstructs the digital 
form of bipolar analog pulses read from disk timing and 
data tracks. Disk head inputs are provided in differential 
form and all outputs are TTL compatible. 

Functionally, the G088 module consists of a differential 
amplifier and a peak detector. Drawing DS-C-G088-O-1 is a 
schematic of the G088 module. 

The read amplifier portion is a 3-stage, discrete-component 
differential amplifier (Q1 through Q6) with a 3 dB band­
width from 60 kHz. The amplifier has linear gain character­
istics (up to a maximum gain of 1000) for low-level inputs 

. (up to 10 mY) and nonlinear gain characteristics (gain 
compression) to prevent peak distortion at higher level 
inputs. Diodes D5, D6, DlO, and D11 provide the gain 
compression features. 

The differential output of the amplifier is ac-coupled to the 
peak detector. The amplifier output and the waveforms for 
the peak detector are shoWn below. The peak detector 
portion detects the peaks of the bipolar pulses provided by· 
the read amplifier and generates a 300-ns, negative-true 
strobe pulse for each peak. It also generates a polarity 
output denoting the polarity of the peak; a negative pulse 
denotes a positive polarity input pulse. Two test points 
(AS2 and AT2) permit monitoring of the amplified outp}!t. 

A-2 

Transistor stages Q8 and Q9 (with diodes D12 and D13) 
rectify the bipolar pulse input and provide a single-ended 
signal to the 100-ns delay line and amplifier E3. Peak 
detection is accomplished by delaying the analog input by 

. lOOns then comparing the magnitude of the delayed signal 
with the undelayed signal. Stage E3 functions as an analog 
voltage comparator that is operated open-loop. Its output 
saturates positive whenever the delayed analog signal is 
more negative than the undelayed analog signal. (See G088 
waveforms.) Conversely, its output is negative whenever the 
difference in the analog inputs is zero or the undelayed 
input is more negative than the delayed input. Thus, its 
output approximates a digital form and is positive for each 
analog peak. 

When both the delayed and undelayed analog inputs are at 
zero (no peaks), any noise that exceeds the input threshold 
of E3 causes spurious peaks in its output. To eliminate this 
aspect, the delayed analog signal is compared with a voltage 
reference (provided by R39 and R42) at operational 
amplifier E4 and the output of E4 remains negative unless 
the analog input exceeds the threshold reference. This 
threshold is set such that noise peaks cannot drive the 
output of E4 positive, yet data peaks can. Since the output 
of E4 is ANDed with the output of E3, the net effect 
cancels noise peaks in the output of NAND gate E1 
(Waveform 5, G088 waveforms). Test point BU2 is pro­
vided for adjusting the threshold. This reference is set to 
the midpoint between maximum noise peaks and minimum 
data peaks. Nominally , this reference is -1.2 V. 
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AMPLIFIER~ f\ 
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u 

G088 Read Amplifier-Peak Detector Waveforms 

c 

The pulse width of the strobe output is standardized by 
one-shot E2. This circuit, triggered by a negative transition, 
produces a nominal 300-ns strobe -pulse. The leading edge 
of this pulse denotes the data peak position. This pulse is 
inverted for a negative-true strobe output (Waveform 6, 
G088 waveforms). 

Transistor stage Q7 produces a polarity pulse for each 
positive pulse in the disk head input. The output of Q7 is 
inverted for a negative-true pulse. This pulse has a duration 
corresponding to the width of the input pulse. 

Specifications 

Inputs 

Pin Use Drive or Load 

AE2,AF2 Head Differential Input 5 to 10 mV 

AV2 Head Center Tap 

A-3 

Outputs 

BE2 

BH2 

AS2,AT2 

BU2 

Power 

BA2 

AB2,BB2 

AC2,BC2 

AA2,BD2 

Strobe (300 ± 100 ns) 

Polarity 

Read Amplifier Output 
Test Points 

Peak Detector 
Threshold Test Point 

25 rnA at +5 V 

60 rnA at -15 V 

GND 

60 rnA at +20 V 

*One TTL unit load is 1.6 rnA (maximum). 

CP-OOB4 

10 TTL loads* 

10 TTL loads 
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G291 DISK WRITER 

DATA (l)V----,r---...... 

GATING{SR ""-+ ....... '""'"""'1 
INPUTS 

D------;--......... """'"""-~--E (DSL+) 

T -+-+~L..-_'" 

D-~--'-----I ...... ""------F (DSL- ) 

DATA (0) U ---1...---

+5V----+I 

-5V---+I 

POWER 
FAIL 

SENSE 

G291 Disk Writer Simplified Diagram 

The disk writer records infonrtation on a disk. Function-­
ally, it consists of an 80-mA differential-current amplifier 
with two 4-input AND gates for accepting complementary 
TTL data inputs (and gating signals). The module also 
contains a power-fail sensor that holds the writer off during 
power-up or power-down sequencing. 

Transistor st~es Ql through Q4 (Drawing CS-G291-0-1) 
comprise the differential-cQrrent amplifier. Stages Qland 
Q4 are the differential input pair. Stages Q2 and Q3 
function as the current sinks for writing; These stages 
complete the write current path between -15 V and the 
dilta sense lines (DSL). With the data input to pin V a 
logical 1 (and gating inputs at +3 V), Q2 completes the 
current path for the DSL (+) line. Similarly, with the data 
complement at pin U illogical 1 , Q3 connects -15 V to the 
DSL (-) line. 

Transistors Q5 and Q6 (with breakdown diodes D3 and 
D17) monitor the +5 V and -15 V for a power fail 
condition. When the sum of these potentials drops below 
16.4 V, Q2 and Q3 are clamped off. This feature prevents 
the disk writer from recording extraneous information on 
the disk during power-up or power~down sequencing. A 
power fail output is also made available at pin P. This 
output is low (b V) whenever power is below the power-fail 
threshold. 
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Specifications 

Inputs 

Pin 

V2 

U2 

R2,S2, 
T2 

Outputs 

E2 

F2 

P2 

Power 

A2 

B2 

C2 

D2 

I----P 

CP-008S 

Use 

Data Input 

Complementary Data 
Input 

Write Enable 

Write Output 

Complementary Write 
Output 

Power Fail 

30 rnA at +5 V 

85 rnA at -15 V 

GND 

1 rnA at +20 V 

( 

.. 

Drive or Load 

1 TTL load 

1 TTL load 

(-
2 TTL loads each 

80 rnA (nominal) 

80 rnA (nominal) 

. 10 TTLloads 

( 
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M050 50 MA INDICATOR DRIVER 

~2 +3-V.01 
2 * o 0 

~M2 +3-V Ml 
2 * o 0 

~ 
L::J - .~ 

~2 +3-V RI 
2 * o 0 . 

~L2 +3·-V '. Ll 
2 * o 0 
~2 +3-V EI 
2 * o 0 

~2 +3-V FI ~2 '+3-V. Nl 
2 * . 2 * 

o 0 

~2 +3-V P1 
2 * , 0 0 , 

~2 +3-V Kl 
2 . * o 6 

,.. 50MA,-30V MAX, 

Power 
Volts mA (max.) Pin 
+5 47 A2 
GND C2 
-15 16 82 

~2 +.3-. V Jl 2 . . * 
o 0 

~2 +3-V '51 
2 * o 0 

M050 50 rnA Indicator Driver Simplified Diagram 

The M050 is a single-height module. It contains twelve 
transistor inverters that can drive miniature incandescent 
bulbs such as those on an indicator panel. 

NOTE 
Do not use the M050 to drive inductive loads 
(relays, solenoids). 

Applications 
The M050. is used to provide drive current for a remote 
indicator,such as Drake 11·504, Dialco 39-38-375, or 
Digital Indicator type 4908, or as a level converter to drive 
4917 and 4918 indicator boards. 
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Functions 
A low level on the input of the driver causes current to flow 
in the output. 

Specifications 
Each output is able to drive 50 rnA,into an external load 
connected to any voltage between ground and - 30 V. 

c 

( 

.. 
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Mll1 INVERTER 

~ ~ 
~. ~ 

~ ~ 

~ ~ 
~. ~ 

~ ~ 

~ ~ 

~ ~ 
Power 

Volts mA (max.) Pins 
+5 ·87 A2 
GND C2. T1 

MIll Inverter Simplified Diagram 

The MIll is a single-height module. It contains 16 inverters 
with,input/output connections as shown in the simplified 
diagram . 
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Its applications include output expansion and logical 
inversion. 



M112NORGATE 

I CliO ~'. 
I 81 

~
DI 

FI 

I 1 

~D2 . 
F2 10 

I E2 

Ki,O ~
HI 

I JI . 

~
H2 

. K2 I 

I J2 

Power 

~
LI . 

NI '0 
I MI 

~
L2 

. N2 I 

I 

~. S', 
~ 

~P2.S2 R2 I 
1 

~
T2 

.. . V2 10 
t U2 

I··· t ::: 
Volts 

t~D 
rnA (max.) 
50 

Pins 
A2 
C2, T1 

Ml12 NOR Gate Simplified Diagram 

The M1l2 is a single-height module. It contafus 10 positive 
NOR gates, each performing the function A+B. Pins U1 and 
VI provide two separate logic Jtigh sources (+3 V), each 
capable of holding up to 40 unused inputs high. 

The. Ml12 is used for logic gating applications. 
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M113, MIlS, M117, Ml19 NAND GATES 

. . .Cl to ~
At 

1 81 . 

~
01 

Fl 10 
1 El 

~
o 

. . F2 '0 
1 E2 , 

~Hl ... 'Kl 
Jl ' 10 

1 

'. K2 '0 ~
H2' .' 

1 J2 , 

Volts 
+5 
+5 
+5 
+5 
GND 

Power 
mA,(max.) 
71 M113 
41 M115 
41 M117 
19 M119 

~
Lt 

. Nl to 
tM! 

~
P1 

'. 51 10 
1 Rl 

Pins 
A2 . 
A2 
A2. 
A2 
C2. Tl 

Ml13 Two-Input NAND Gates 

~ , ~~:~I--~----~ SD2·· 
t "E~2_~ __ ~ 
I ,E2 ~ 

~ ~L!)~c!": __ ~-""~ 
~

N2 

I 'Pn2=._-r-_ ..... ~ t,!!2 -

E:1 1 V2 

MIlS Three-Input NAND Gates 
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MIl7 Four-Input NAND Gates 

M1l9 Eight-Input NAND Gates 

The M1l3, MllS, M1l7, andM1l9 are single-height 
modules. They provide general-purpose gating and are-most 
commonly used for decoding, comparison, and control. 
Each module performs the NAND function 
(. B • C • _-_ N), depending on the number of inputs. 

these modules are used for logic gating applications. 

Functions 
M1l3 - Ten two-input NAND gates that also may be used 
as inverters. 

MIlS - Eight three-input NAND gates. 
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Ml17 - Six four-input NAND gates. 

Ml19 - Three eight-input NAND gates. 

Unused inputs on any gate must be returned to a source of 
logic high for maximum noise immunity. In the M1l3, 
M1l7, M1l9, M121, M617, and M627 modules, two pins 
are provided (UI and VI) as the source of +3 V for this 
purpose. Each pin can supply up to 40 unit loads. MI03, 
MI U, and M002 provide additional sources of logic high 
level. 

Specifications 
Typical propagation delay is IS ns. 

( 

( 
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M203 8 RjS FLIP-FLOPS 

I ~T!:.o2_-dS R2 9 

I~N~2_-dR O~-.~S~2 9 

(D!!L.. 5 H2 9 ' I L2 5 
P2 

9 

I E2 R 0 J2 9 I U2 

I AI 5 CI 9 I V2 5 VI 9 

I EI R 0 HI 9 I MI R 0 RI 9 

I FI 5 KI 9 I NI 5 PI 9 

I BI R 0 
01 9 I 51 R 0 UI 9 

Power 
Volts mA (max.) Pin$ 
+5 55 A2 
GND C2. T1 

M203 8 R/S Flip-Flops Simplified Diagram 

The M203 is a single-height module. It is made up of 8 
R/S-type flip-flops. Each flip-flop is made up of two 
2-input NAND gates with cross-coupled outputs. 

R/S flip-flops provide an inexpensive method of storage. 
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Precautions 
Care must be taken not to place the SET and RESET inputs 
low at the same time. The last of the inputs to go high will 
determine the fmal state of the flip-flop. 

Specifications 
The propagation delay of the M203 is approximately 30 ns. 



M20S GENERAL PURPOSE FLIP-FLOPS 

EJ : ~:~ 

Power 
Volts 
+5 
GND 

mA (max.) 
90 

Pins 
A2 
C2, T1 

M205 General Purpose Flip.Flops Simplified Diagram 

The M205 is a single-height module. It contains five 
separate D-type flip-flops. Each flip-flop has independent 
gated data, clock, dc set, and dc reset inputs. 

Applications 

• Storage Registers 

• Counters and Shift Registers 

• Flags and Control Storage 
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Functions 
For each flip-flop, information present on the D input is 
transferred to the output when the threshold is reached on 
the leading (positive-going voltage) edge of the clock pulse. 

Specifications 
Information must be present on the D input 20 ns (max) 
prior to a standard clock pulse and should remain at the 
input at least 5 ns (max) after the clock pulse leading edge 
has passed the threshold voltage. Data transferred into the 
flip~flop will be stable at the output within 50 ns, maxi­
mum~ Typical width requirement for the. clock, dc reset, 
and dc set pulses is 30 ns each. 

( 
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M208 8-BIT BUFFER/SHIFT REGISTER 

I· I 
VI 51 RI NI 2 

FFIl FFI FF2 FF~ 

L!J"''-----..,.j~ L--.LOAO INPUTS----J·· 

DADE 

.---PAIlALLEL OUT----, 
FFe FFI FF2 FF~ 

LI JI FI 

FF4 FF5 FF6 
SER L-coAo INPUTS---l 
NPUT 

rPARALLEL OUT--, 
FF4 FF5 FF6 

I 
I 
I 
I 

• 
rOUT, 

FF7 

__ ...I _ --' 

Power 

I 02 
10 to 
L H 

Volts mA (max.) Pins 
+5 184 A2 
GND C2,n 

M208 Eight-Bit Buffer/Shift Register 

The M208 is a single-height module. It is an internally 
connected 8-bit buffer/shift register. Provisions are made 
for gated single-ended parallel load, bipolar parallel output, 
and serial input. The shift register is divided into three 
segments: 

• Bits 0 through 3: Serial input to bit 0, bipolar 
outputs from bits 0 through 3. 

• 

• 

Functions 

Bits 4 through 6: Serial input to bit 4, bipolar 
outputs from bits 4 through 6. 

Bit 7: Serial input to 7, bipolar outputs from 
bit 7. 

Each of the register groups shares a common shift line (the 
ORed CLOCK 1 and CLOCK 2 inputs) and a common 
parallel load line (LOAD ENABLE). To form a 6-bit shift 
register, for example, the true output of bit 3 is connected 
to the serial input of stage 4. A shift register of 8 bits may 

A-I5 

be constructed from a single module. Modules may be 
cascaded to form shift registers of any desired length. A few 
additional stages may be formed more economically from 
NAND and AND/OR gates plus a D-type flip-flop. A 
representative stage of this type is illustrated. Two CLOCK 
inputs are provided so that m'dividual LOAD and SHIFT 
CLOCK sources may be used. 

frecautions 
Care must be taken that the clock inputs remain in the high 
state in the off condition because either input going to the 
low state will produce a positive edge at the output of the 
NAND gate and trigger the D-type flip-flop. 

Specifications 
Data shifted or parallel loaded into the M208 will appear on 
the outputs within 55 ns (max) of the CLOCK pulse leading 
edge threshold. LOAD and SHIFT ENABLE levels and 
pa,rallel data must be present at least 50 ns prior to a 
CLOCK pulse. Propagation delay from the leading edge of a 
CLEAR pulse to the outputs is 40 ns max. 



SERIAL INPUT --....,..--f-.... 

SHIFT 
ENABLE 

LOAD 
ENABLE 

CLEAR 

LOAD FFN --I---f-.... 

t CLOCK 1 

"1 CLOCK 2 -+-+-<:1 -' 

+3V LOAD FFN+l +3V 

D. 

M206 

FFN 
Bl 

C 

Two Representative Stages 
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J2* 

0 

M206 

FFN+l 

C 

0 
H2* 

*NOTE THAT THESE TYPE "0" FLIP-FLOPS 
HAVE HAD THEIR OUTPUT AND "0" INPUT 
TERMINALS REDEFINED. COMPARE THESE 
PIN CONNECTIONS WITH THOSE IN M206 
DESCRIPTION. 

( 

c 
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M211 BINARY UP/DOWN COUNTER 

~ COUNT IN D2 

ENABLE AI FFO FF, FF2 

UP/DOWN B" 

FF3 FF4 

POWER' 

FF5 HI CARRY 
OUT 

+5V-.- A2 ___ 

GRD - C2.TI_ 

M211 Binary Up/Down Counter Simplified Diagram 

The M211 is a six-bit binary up/down counter. It can 
switch counting mode (up or down) without disturbing the 
,contents of the counter. Maximum count rate is 10 MHz. 
Set/reset inputs are available for each bit. Maximum carry 
propagation time is 80 ns per bit. 

Enable Line 
The enable input must be negated 100 ns prior to an 
up/down level command. It must not be negated earlier 
than 500 ns after the leading edge (positive-going voltage) 
of the clock pUlse. The enable input must be asserted at 
least 60 ns prior to the first count. -

Up/Down Control line 
A logical 1 on this line will yield an up count. A logical 0 
on this line will yield a down count. 

Carry Out 
The Carry Out will yield a positive level change whenever a 
carry or borrow occurs. 
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Inputs 
Count In - Positive transition or pulse with less than 
400 ns -rise-time. Count In presents two unit loads. 

Reset - Each reset input presents three unit loads. 

Set - Each set input presents two unit loads. 

All other inputs present one unit load. 

Outputs 
Each flip-flop output (lor 0) can drive eight unit loads. 
Carry Out can drive ten unit loads. Each inverter output 
can drive 30 unit loads. 

Power 
+5.0 V, 217 rnA (max). 



M302 DUAL DELAY MULTIVIBRA TOR 

TRIG 
J OUT F2 25 

TRIG 

J OUT T2 25 

NOTE: 
~ ____ ~~~ ______ J 

THESE PINS MUST BE 
JUMPERED IF THERE 
IS NO EXT POT 

Power 

SEE: TABLE 

Volts 
+5 
GND 

mA (max.) 
166 

Pins 
A2 
C2, Tl 

M302 Dual-Delay Multivibrator Simplified Diagram 

The M302 is a sinile-height module. It contains two delays 
(one-shot multivibrators) which are triggered by a level 
change from high to low or a pulse to low whose duration is 
equal to or greater than 50 ns. When the input is triggered, 
the output changes from low to high for a predetermined 
length of time and then returns to low. 

The delay time is adjustable from 50 ns to 7.5 rns using the 
internal capacitors and can be extended by adding an 
external capacitor. 

Applications 

-Time Delays 

- Variable Width Pulses 

Functions 

Delay Range: The basic delay range is determined by 
an internal capacitor. The delay range may be 
increased by selection of additional capacitance 
which is avaihtble by connecting various module pins 
or by the addition or' external capacitance. An 
internal potentiometer can be connected for fme 
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delay adjustments within each range or an external 
resistance may be used. If an external· resistance is 
used, the combined resistance of the internal potenti­
ometer and the external resistance should be limited 
to 10,000 ohms. 

Delay Range 

50 ns -750 ns 
500 ns - 7.s /lS 

5/ls - 75 /lS 
SO /lS - 750 /lS 
500 /lS - 7.5 rhs 
Above 7.5 IDS 

Capacitor Value 

100 pF (internal) 
1000 pF (internal) 
0.Q1 /IF (internal) 
0.1 0 /IF (internal) 
1.00 /IF (internal) 
Add external capacitors 
between specified pins 

Interconnections 
Required 

Delay 1 Delay 2 

None 
Dl-:-L2 
HI -L2 
J1-L2 
EI-L2 
Fl-L2 

None 
NI-82 
81-82 
Ul-82 
PI -82 
Rl-82 

Adjustable Delays: Connect pins D2 to E2 for delay. 
1 and V2 to R2 for delay 2 in order to add the 
internal potentiometers. 

NOTE 
If there is no external potentiometer, 
these pins must be jumpered. 

( 

( 

( 
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Without a potentiometer, the delay will not recover. An 
external potentiometer of less than 10K ohms can be used 
by connecting it between E2 or R2 and ground pin C2. Use 
of an external adjustment resistor will cause some increase 
in jitter. It is recommended that leads to an external 
potentiometer be twisted paiTs and as short as possible. 

Precautions 
Care should be exercised in the selection of external 
capacitors to assure low leakage as leakage will affect the 
time delay. 
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Specifications 

Trigger Input Fall Time: Must be less than 400 ns. 

Recovery Time: Defined as the time all inputs must 
remain high before any input goes low to trigger the 
delay 

1. Without external capacitance: 30 ns min. 

2. With external capacitance: 300 C ns 
min., where C is in nanofarads. 



M401 VARIABLE CLOCK 

VARIABLE CLOCK 

our{ 
~ E2 [!] 

02 to 

~--------~-------~ SEE TABLES 

Volts 
+5 
GNO 

Power 
rnA (max.) 
80· 

Pins 
. A2 

C2. T1 

• using printed circuit board revision E or later 

M401 Variable Clock Simplified Diagram 

The M401 is a single-height module. It is a stable 
RC-coupled multivibrator which produces standard timing 
pulses at adjustable repetition rates. 

The repetition rate is adjustable from 175 Hz to 10 MHz in 
five ranges. Internal capacitors, selected by jumper pin 
connections, provide coarse frequency control. An internal 
potentiometer provides continuously variable adjustment 
within each range. 

A 0 to 10 V control voltage will vary the frequency over 
about 30% of each frequency range, 

This module is intended for use as the primary source of 
timing signals in a digital system. 

Functions 

Start Control: A two-input OR gating input is 
provided for start-stop control of the pulse train. A 
level change from high to low with fall time less than 
400 ns is required to enable the clock. 
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Frequency Range: 

Frequency 
Range 

1.5 MHz to 10 MHz 
175 kHz to 1.75 MHz 
17.5 kHz to 175 kHz 
1.75 kHz to 17.5 kHz 
175 Hz to 1.75 kHz 

Interconnections 
Required 

(100 pF) 
(1000 pF) 
(.01 J.LFd) 
(0.1 J.LFd) 
(1.0 J,LFd) 

None 
N2-R2 
N2-S2 
N2-T2 
N2-P2 

Fine Frequency Adjustment: Controlled by an inter­
nal potentiometer. No provision is made for any 
external connections. An external capacitor may be 
added by connection between pins N2 and C2. 

Voltage Control of Frequency.; The M401 may also 
be voltage controlled by applying a control voltage to 
pin M. This feature is available only in M401 modules 
using printed circuit board revision E or later. The 
voltage applied to pin M should be limited to the 
range of 0 V to +10.0 V. This voltage swing will allow 

( 
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( the frequency to be shifted by approximately 30 Output Frequency in kHz 
percent in the frequency range using the internal 
capacitors of 1.0, 0.1, 0.01 and 0.001 fJ.F. If the Voltage Capacitor 

voltage applied to pin M is dc or low frequency Applied to 

(below 1 kHz), pin M will appear approximately as a PinM 1.0 JlFd 0.1 JlFd O.OIJlFd 0.001 JlFd 

+ 1.0 V soUrce with a Thevenin resistance of 800 
0 1.000 10.00 100.0 1000 ohms. Modulating the M401 with a 10 V poP signal 

+1 1.054 10.49 104.6 1036 
about a center frequency, as derived by the applica- +2 1.101 10.94 109.2 1071 
tion of a mean voltage of +5 V to pin M, will yield a +3 1.147 11.39 113.6 1108 
typical frequency excursion in excess of plus or +4 1.193 11.83 118.0 1142 
minus 15% about the center frequency. Typical +5 1.238 12.26 122.2 1181 
frequency excursions which may be obtained are +6 1.282 12.69 126.4 1271 

shown in the following table. +7 1.325 13.10 130.4 1295 
+8 1.368 13.50 134.2 1312 

Specifications 
+9 1.408 13.87 137.7 1322 
+10 1.443 14.20 140.9 1323 

Maximum delay from enabling inputs to output E2 is 50 ns. 
The output pulse width is 50 ns. 

( 
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M602 PULSE AMPLIFIER 

PA2 

R2 S2 

INTERNAL CAPACITORS* 
*=JUMPER E2-02 OR R2-S2 FOR liOns 

PULSE WIDTH. STANDARD PULSE 
WIDTH IS 5On5. 

Power 
Volts rnA (max.) Pins 
+5 213 A2 
GND C2. Tl 

M602 Pulse Amplifier Simplified Diagram 

The M602 is a single-height module. It contains two pulse 
amplifiers which provide power amplification, standardize 
pulses in amplitude and width, and transform level changes 
into a standard pulse. 

Specifications 

Propagation Time: 30 ns max. between input and 
output thresholds. 

Functions 
A negative pulse output is produced when the input is 
triggered by a transition from high to low. An internal 
capacitor is brought out to pin connections to permit the 
standard 50 ns output pulse to be increased to 110 ns 
(nominal). 
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Recovery Time: Equal to that of the output pulse 
width. The input must have a fall time (10% to 90% 

. points) of less than 400 ns and must remain below 
0.8 V for at least 30 ns. Maxfrnum PRF is 10 MHz. 

( 

( 
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APPENDIX B 
ENGINEERING DRAWINGS 

NOTE 
The RC8-E option's engineering drawings, 
although contained in this drawing set, are not 

< discussed in this manual because there are no 
RS64-TAs currently in serVice with the RC8-E 
option installed. 
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~< ~ ~(IJ ~ .( N SCALE DRAWING '1l't.\-" .. DATE mlmlDIUEQU IPMENT l-\7-il •• . =~!!:~.~A~!~~~ " " UNLESS OTHERWISE SPECIFIED 
I-'- J 

~~ ~ ~ DIMENSION IN INCHES CHK~),.;:-_....., DATE A A ~ 
~ .. ';'-11 

~ ~8 Q ~ TOLERANCES 
EN r1R'~ , .t DATE TITLE 

0 DECIMALS FRACTIONS ANGLES .,< -71 
dO 0 

± .005 :!:: 1/64 ::t: 0"30' 

WIRED ASS'Y ZO 

'i ~ J~~ 
FINAL SURFACE QUALITY / ~ iJE~~ • .L- DATE 

• 0 , .-7 ~O I REMOVE BORRS AND BREAK SHARP 

~~ I~ e : CORNERS "' .. - Wij( , . 

Ol~ IlATERIAL <-

~i 
." ~~ ~ ~ 

..-,I.,L.. 1111 XT HI&H£II ASSY 

~o: B-DD-RS64-TA S1ZEJ~d NUMI~¢ .. I REV. 

~ 
(!j IQ FINISH SCALE NONE D A 70¢8324~·¢ B , I. Jt 

SHEET I OF Z DIST. I .I 
DEC ""'" 8 I 7 I 6 I 5 t 14 I 3 I 2 I 1 DR'II' 

C") 

B-12 



8 " I 7 I 6 1 5 ! 4 1 3 I 8 F-.¢-P.?'f'.90 0L f?n~;aJ 2,.1 
'A'3t1 113'BWnN ::laD:) UIS 

T 
ThO ",wi";' .... "' .... ~. ho~I' •• ~ th. Pi I 
ertyofDilltil Equipment CorponItlan end nH not be 
repI'Oducedorcopledar~lnwha"DI'InPlrt'l 
th .... lllforth.manufllc:tu ... or .. iIIafltllm.withoui 
wriltlln pmnlMian. 1~7£,. 

COMPONENT LIST I WJRE TABL"E. 
"TfM OEseR I PTiON CONNECTION S 

REMARKS n,N 
COMP rol FROM TO POL REMARKS NO !MiG COLOR FROM TO NO 

r.I 3(1) RED All E2. 617D2 
] 1WP(4 TURNS PER lNCH) 

10 CAP - 5~1 FI eCILl. T l!s W1R ES I rTEt-1l 

0 h WHT All f'2. BI7F2 I (is CAP - Blbl RI 6tl1S" + 7' USE TeIl""I- 0 
REI> AI2E2. 617 H2 I I (is CAP - fl¢SC.2 fl¢.3A2 +. c .PS 'I~N\ 14 

"lIl/i';[t::r 
-.. --.~. 

WilT A12F2 817 Kl. 1(11 C.AP - AilS? + .. 
RED A13E< 817 L2 

5 
It! CAP - flIZC.Z 11./4112 .. '+-

WHT AI3 Fl 617Nl. 21 ~1:S I/I+A'L 111752 

RED BII El. 617 SI II 22 RES 1\2+E1 A~4K1 

WHT 81\'" 817 PI D 2.2. RE:& Ae.+-E:J!. A2.41<.2. .. 

REO Bil. E1 817 NI b 22. RES A24LI A'Z.4RI 
WKT I3ll.Fl. 817 "' 

19 ReD 51. E2 BI7K1 
}lWPI41lJRNS PE'R INO) f--. - & 

20 30 WHT 613 F2. 817 HI 

17 24- REO BI6A2. BI8A2. +-sv 
17 24 R.O AallA2 64>IA2 ~5V 

... + A08A2 BI1BA 1 • I A13A2 BI3A'l. I • ~ AI~ A2 AI7A2 -l-
17 24 RED AI7A2 A\7RI .,.sv 
17 2.4 RE"D AZ,4A'l. B2.4A2 +-s"V 

16 24 YEL A14A2 AI~ D2 ~2a1V 

C 18 2.4 VEl AI302 813P:< .,.llllV C 
IS :/,"1 VEl A\~A2 81 .. P2 +2<llV 

16 24 I3LU All 62. 812.B2 -ISV --
16 24 I3LU A IG Bl 811'>81 - IS" 

..... i l+-
i--

( ;CQ 
I--

\ ~ 
~ 

I 
I 

!~ " 

. , ~ . B 
I ~ 

I ~ I 

~ 

B 

I , 
i 

~ -
'. 

FIRST USE ON OPTION/MODEL QTv·1 DESCRIPTION I PART NO. lITEM 
NO. 

;,ipp-II PARTS LIST 

- UNLESS ~1ERWISE SPECIFIED ORWIL-/ DATE momODmOEQU'PMENT r--
DIME ION IN INCHES. 1!-/?-?' •• . ::~!!:'~.~A~!~~~ ~ TO ERANCES 

C ';Ij,,/...::~ ~~ 
A 

~ DECIMAuj ANGLES J.' D~r:.., 
TITLE A :::x:: 1 ±O"3Q' L 

~ L 
DATE WIRED ASSY '" 0 .X -.1 

-"' z z 
Q ~ REMOVE au iRs AND BREAK SHARP 

P £J~ I&~~~ (RS64- TA) '" '" CQRNERS S RFACE QUALITY V 
~ ~ 'j 

MATERIAL I NEXT. HIGHER ASSY. 

$' B-OD-I?Sf>4 - T A Sl~r~l NUMBER I REV. i 

DAD 7¢08324-(ll-0 8 f-
",. ) FINISH SCALE -" '-' I SHEET :2. OF 2. OIST. 

( 
DEC FORM·NO 

8 I 7 I 6 1 5 t 4 1 3 

1 
2 I 1 DRDI02-B , 
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tp ..... 
.j:>. 

Ii' 
----/ 

-.'~' -~~ .. - _ .. --. --_.----"--

DIGITAL EQUIPMENT CORPORATION 
MAYNARD, MASSACHUSETTS 

PARTS LIST 
MADE BY A, CAMPBELL C.HECKED J. DEVIN SECTION 

DATE 2/18/71 DATE ~~22- /',/ 1 

ENG ~~ dw' :/J, PROD ISSUED SECT. 
DATE -, '24/':"-; . DATE 

ITEM DWG NO./ PART NO; DESCRIPTION 
NO. 

1 Dr-MO-960.5733-0-0 . FRAME ~:.Q5l""NG~::REWORK: .. 16 / 

2 D-SCf;120'l34R-0-O 288 PIN BLOCK :l:l:H803 

3 1205541 BUS STRIP 
4 90-66210-6 SCR PHIL HD PHIL #8-32X5/8 SST 

5 9006035 SCR PHIL HD PAN #8-32t.SST 

6 9007597 rERM #216-08-0-0 SHAKEPROOF 

7 91072S'l-09 ~22 TEFLON TUBING WHT 

8 9105740-44 ij:30rrAWG SOLID TEF INS WIRE (YEL) 

9 9105740-66 #30 AWG SOLID TEF INS WIRE (BLUl 

10 .'-'1000067 CAP 6.8 F j·5.V 20% 

l!Il (:'C9006034 WASH INT TOOTH #8 

13 9107560-01 #22 AWG BUS WIRE 

14 9007655 - TERMI POINT CLIP :1:1:85952-3 

15 9107470-00 

16 9107470-66 

17 9107470-22 

18 9107470-44 

19 9105740-22 

20 9105740-99 

a1 1300298 
2'2 13-00365 

TITL.E 

WIRED ASSY PARTS LIST 

DEC FORM DEC 16-(32S)-1031-N870 
ORA 110 

#24 AWG STRD TEF INS COLDB BLK 

#24 AWG .STRD TEF INS COLOB BLU 

#24 AWG STRD TEF INS COLOR RED 

#24 AWG STRD TEF INS COLOR YEL 

:1:1:30 AWG STRD TEF INS WIRE (RED) 

:1:1:30 AWG SOLID TEF INS WIRE (WET) 

RESISTOR 330 . .1\. IW 10 % 
RESISTOR 1 KJ1..l:i 5% 

ASSY NO. 

D-AD-7008324-0-0 
SHEET 1 OF 

,1\ 

1 

l 

6 

/R 
12 

2 

2 

AIR 
'\/R 

./R 
2 

2 

!\/R 

VR 

f\./R 

~/R 

~/R 

~/R 

P-\/R 

P./R 
I 

3 

s~rlprl 
1 DI5T. I 

QUANTITY /VARIATION 

NUMBER 

7008324 .... 0 - 0 
RS64TA I REV. ECO NO. 

B 00002 
I I I' I I I I I 

~ 
~ 



5 4 

( 

D 

1-1 ~_.-------------16. 75 REF ----------I---'~ 

to I 

AI-
c 

( 

B 
8 REF 

8 
:9 

19 

VIEW A-A 

7 6 4 3 

B-lS 



81 

o 

WNr 

c 

8 

-

A 

ORD l02A 8 I 

7 I 6 I ,-

/ ~2REF 

, A-rtf 
r---/~lNX'IN'_r-

1====1:--- F= 

!;:::::::;::====f e:::==l=:: =- F 

\ 6 

7 

© ~
.fII.fI/i .fo.uZI-M8a$O~~.56 
0--0000000000000000000 
4'51{tf./91.1 MSS.t7ZS,sI"55 

ITEM ,vO D.£'SC~/"';IOAJ 

/ ft/SJOS '£/oOLlI..£ 

;t. EYoE"J.£T 136-4'-7 o$"-'MI'$ON 

,!J CI"I&E CL.elUP 

'" 4'0~£ STOCK U7 7191'£ 

5 .eo CONDVcro,e RISON Cl'lI!U.E 

6 #£;t. 19_ 8US WII!!E 

7 .eISISrae" /~On..I !/If& w, :ry. 
8 

S 

'" 
II 

Ie 

/5 

I'" 
15 

16 

17 

I 

!&:,s/sTD,e, 590.t'l:l V"" W.I S 7-
CAP,qCITOA!,,, 6.8 MF'J)3 .!TS"V'.I;oy. 

RESISTOte,J IK 11" V4l W, S'" 
,DIODE ~ "tSt54' 

,e,E'SISro,e" £K.Jl, V-'I W.J S'X 

A!ESISrOe ~ a.eK Jl" Y# W.I S" 
,e.eSIS!"O£,J .£.7)(.(.2,) ¥Ift W} 5X 

,e,ESISTO~,., .!T.SJ/(n, V~ W., sx 

~/Sro,e.J 7.S'I(../l.J V~ W} Sy. 

#££ TEFL-OM 7U8/A.lG- ("O£;tI) 

6 

NII!!7'"A.IO Q7'"Y 

N£JOS I 

S0067,s2 L, 

I£O.e,,()~ I 

90Q78Stf/- AIR 

910 75'?S I 

9107'560-01 .. 

1~260 I 

I3'OOso9 

IO<?S~6 

/300$65 

II()O//~ 

I~02.5'M 

I~OI.5~ 

/~OO#£6 

I~OO~fl­

ISO/~£ 

91072.66-01 

I 

I 

I 

" 
£ 

I­

I 

/ 

/ 

;t. 

A/R. 

5 l I 3 

i 
5 t 1 

3 

:5 

5 

:5 

,5 

'" 
5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

6 

" 6 

6 

5 

5 

• 
S 

s-

I 1:1. o O-GSSSQOL hi I '012 I 
uawnN booo :uisl 

NOTE: 
I. FOE' c..flBLJr c..ONNE:CnONS TOr~ONT 

Pf1NE:L fi:rf"l'eT0l1WG:~1J~AD_-~30S476_~D-O 

,22 LU.I( '5 

&eN 

""S08-IO ~~ NOTE 

-II 

1 

,eED 

QlVe 

)10".<. 

'GR.A.I 

&U 

VIa 

GEY 

WH7'" 

8U( 

seN 

-" our;. .. 

YEL 

~ 

t 
BUSS 

-Ifl//ol 

IfUI/ 

VIO 

~I'I'" 

W#T 

-1£ 

-IS 

-I'" 
-15 

-16 

-17' 

-18 

-89 

-:28 

-27' 

-26 

-L5 

6" 
-.... 

M~a,,-"'7 ,(,1908 -.3:6 

-t-59 t-<'O -411 -412 

-.,.5 -<'41 

,0) M9108~:: 
-~I 

-23 
SEE NorE 

If - Milo. -22 ", 

ITEM NO COMP AU. F,fOM 

7 

S 

S 

/0 

/0 

io 
1/ 

1/ 

1£ 

I'" 

16 

15 

16 

15 

/)10 

DIO 

RES 

Q$ 

I!!J!S 

I!!ES 

-<'ES 

I!!J!S 

+ 

M90/J-£ MGJOS-G 

-" -6 

USE 
Ir,e'M 17 
Wl7NAU 

-£ -6 ..,. CONP. 

-IS -£.I' 

-19 -;t.5 

-IS -26 

-81 -41/- + 

-£1 -a5 + 

-~ -7 

-5 -8 

-5 -s 

-"0 -" .. 
-3'0 -35 

MSOB -50 M 908 -3"1-

TV, DESCRIPTION' 

/l 

I PART NO. 

PARTS LIST 

NL ERWI E SPECIFIED DRN, f .lE;;.- I~Tk.7. 

FINISH 

CABLE 
(RS64- TAj 

D='AD~9305476 O~O SIZE CODEI 7 rJ. ". NUMBER 
\scALE 0 IM7itJlO8589 0 
SHEET • I OF I OIST. 1 

2 I 

B-16 

lITEM 
I NO, 

REV. 

A 

( 

o 

-

c 

8 

A 

~. 



o 

c 

c 
B 

-

A 

,< 

( 

8 
This dr.win, Ind apedfiatioM. beNIn, IAI ttli proP; I 
Irty 01 Diaihl Equipment Corpantion Ind .... il not btl 
reptOdueed or copltcl or uMd In""'o\e or In PIIrt .. 
the a.l, for tile m.nufKtuN or ..... of ItIImI without 
writt.n ~rml"'on. 

I 7 I 6 I 5 

I I 

/

5REF 

/
2REF/0 

Pc. ~EF 11-'1-------;/'------ 12 IN t. I £N'-----_--II / 

SEE NOTE 
#6 

A d --LS7 

~L--'-~f--.:?r-----frf--/_·--+~ ===:J- i 
1-:=1 ===~~ ~====1F====I= ~ 

~I ===:::;* <'~====::::jr==~= =s 
~I ====:;~ <'~====::::j r==~= ~ 

L-~I===~} S;=====H==:::::::j== ~ 
c::'......... _Dl;i'A..-"""'----4S '>L--___ --I __ ES ~ 

U/ I-- C; @ == ~ 
2. 

~ 2/1- 6 a /0/21/11618 
0000000000000000'00 

~ / ,5 5 7 .9 /1 15 /S /7 

~2 .eo ZZ 2/1 26 28 50 52 3~ 56 
000000000000000000 ;/1 /9 1Jj 23 25 27 29 ~I 35 35 ,-__ --' 

SEE NOTE 1t- 5 

1 

6 
7 
B 

3 ~. '. ~ . , 10 (SIDE I 
5'~.~ 

NOTES: 

I 

I. UNt3I?AID SHIELD- THEN TWIST !lAiD COVEA' SHIELIJ WITH IT£M 9. 
2, SOLDER SHI£,LO £NI)S·' A J B ~ c 1fT M9(i!8 EMD o,c C~BLE To M.!Jf2I8 -.8/ . 
3, SOLDER SHIELO EA./I:JS OJ £ (F AT M9f/1B END OF CABLE TO M9¢8-.!5 . 
011. COVER EXPOSED SHIELO AT 80rl-l ENDS WITH ITEM CJ. 
5. TIE WRflP I'1T I"~ FI?OM M90d /9;(/.D EVERY S" THERE" /I,cTEA: (ITEM I¢)j 

C~8L£ L.£AJGTH IS 12". 
6. DO NOT Ct'NN£CT SHIEl/) liT pc lENJ) of C,lJ8/.€ 

7 I 6 I 5 t 

.4 

.4 

I 
I 
I 
I 

! 
,-----_._- ~------,---.-------.--~---- _ .. ' D 

IT.€M AlO 

5 

5 

5 

5 

5 

5 

" 
" 
5 

5 

5 

" 
5 

" 
5 

5 

5 

5 

ITeM AlO 

I 

:e 

" 0' 

5 

6 

7 

8 

9 

10 

1/ 

WIRE TI'9.6're 

COL..OI2 FROM TO EQUIP ,r:RO~ WIT/f ITEM ,E4UIP "TO-WITH I"TEM REMt9t€KS 

IWT 

"'LV 

RED 

W;;T 

tJLU 

"ED 

W#T 

"'LU 

££1> 

WilT 

l3,(U 

eEO 

pc-££ 

PC-i="£ 

PC-HZ 

,.aC-J2. 

PC-1(2 

PC-LZ 

PC-M£ 

pC-Ali! 

PC-SI 

PC-£I 

"DC-;71 

PC-All 

-f!3 

-M 

-25 

-26 

-27 

-28 

-29 

-0' 

-5 

-6 

-7 

WHT ,DC-UI -8 

6L..U PC-L/ -9 

eeo ~-KI ~o 

WHT PC-JI -II 

,8LU PC-HI MtJ08-IZ 

PA~r..s LIST 

DESC/2/PTION 

EYELET~ 6-5-4-7 STIMPSOII/ 

CIUJ/..E CL/I/I-IP 

-'1-0..52 srOCK Mr r..r:;PE 

MlceODOT WIRE 1# 202- 4007 

#22 I1WG BUS WI!?,£' 

SL£~VING 

NY SH/CIA./I( TU,8IA,ki .5/16" 

# £Z 7E.I=LOtV 7VLJIA.lG (tJ,eOWAI) 

7/£ -WeAP SSTIM 

36 PIN CONN SLPC}{:# H 807 

I 3 

i 

P/IRT A./O aTY 

M.908 I 

9006732 .R. 

/20£704 I 

900785/1- ft/R 

1700014 6 

91:07.560.-01 i AIR 

90083SG to/'.e 

£)107£S<v- I'1/.e 

81072£6-01 A/R 

900705/ ,.Q/.e 

120$J23 I 

8,9 

A 

A 

" 
" 
" 
c 
c 
c 

LJ 

o 
D 

E 

E 

E 

F 

F 

F 

I 
o fI 

o V 0 

VIEW A-A 

-

c 

+-
-
~« 

-

B 

MENSI!N IN INCH b~~~II,u~,:iJ°~JW;<j~,:~i~;~"1l11ItTiTITrLLfE======-"::':::'"::':::·°::;,·::"·::·.:;··:::;<:::""::·:.;":.:;'":.....1 A ~
ESS OTHERWISE SPECIF CHK'D I'. Dj.TE •• • CORPORATION 

O!"::'~LS ,'; ~A" /1, /i~~:~_7 DISK PLUG CABLE 
RE FEB "':0/ /' ,1- D~T;~'?I (R SG 4 - T A) 

CqRNERS ~ j-~ "- o':)i .. 7 

FINISH 

I SHEET / OF / DIST. I 

Ii 2 I 

B-17 



8 I 
"' .. d .... qMld.pecIf\cdIaM. ...... n .... tllliprop-
lib' of Dllbl (qulptnlllt CaqJontiDn"" .... 11 nat ... 
...... 1ICId or capIed or UIId In'" or In put a 
.. 1InI, for til ..... nulKtu .. Dr." flI ...... without 
wriItIIn Plnn...... "72. 

D 

-

c 

ITEM NO. 

I 

:2-..... ~ 

4-

5 

6 

7 

a 
9 

Ie 
/I 

B 

-

~« <l ~1Il '" ~ f11 
~ Of7 '1 

-~ rf: '" ., 
A l? ~ ~0 "'. ° .;, • 0 gg 8 0 

'" ",0 lw 0 .!! ~9 I~~~ "I .g; I 
~ ~ (3.~ ~ ~ 
u.". 

I' ~ I~ $ ~~~ <9 

If~ 
<3 Ul (/) 

~ ~~ -:>1', 

~i 
a: 

I~ ~ 
I\. ~ 

DEC FORM N . 

8 I ORO 100A 

7 I I 6 I 5 ~ 4 I -3 II.~ I 0- 0-88"80jOL 3~O~t~S 2 I 1 
H31l1WnN 

! 
I 

, '~ 
Uv 

3 2 "/ 

002/ 
6tJer 

3 

I--------------------'/L~---- (5FT±2rN ------,-----------11 
F1 ~ IINr 51N. "I' 611V ------J J 

c=--::: ==--.J:-~ .v4 L 5 I II I 8TNr _______ ---1 

~~~~~~:.\:=:=~:/Jfl/I====~\\~~~,~~~~~~~~ 
6 

!:> 0 0 
" 10 o 0 

I 

VIEW A-A 
8CALE:NONE 

PJ 

2 

'£)£SC;l!fIPrION 

SPIRAL WRAP 7U8ING • . ·2.60 OD 

MATE-N-~O,CK -SOCKET HOUSING. AMP #1-/;08/IJ£78-/IJ 

MA7'£-A/-J..DCX COJVrACrrMAL£) AMP" 6{662(J1-/ 

Tic WRAP SST- 1-511 

,t/wa #141- -Sr,t/D TiEF' IMS' COLoA ('8UiCK) 

,t/WG # Iii< srAD rEF /AIS celLOR (RED) 

AWG "/Ii< STRD 7EF"IMS COLM('YEUOW) 

Awe */41- srRD rEF INS au""" ('8i-UE) 

AWG- '11211- smp TEF= INS Co,-o If 

AWG ~2~ ST/(D TEF 'illS COlajf 

AMP SOLDER LESS CONNeCTOR 

7 r 

(flED) 

(BL4Uf) 

6 

/ 

p/lRr NO. 

9/-(47:2/;o/IJ 

c //2-"'9:1151-//2 

/J2-R19~Tt!J-/.e 

90'1117880 

91-.,757J1!J-/IJ/IJ 

91-(1J7S7r1J-22 

91-/lJ7.:I7.,--",-", 

91-/lJ7.:I7r1J-56 

8/-07460- .22. 

$1- 07460-00 

90-06776 

-

I 5 

QUAIJrlry 

A/A 

/ 

8 

I 

A/R 

A/R 
AlII 
II/R 

AIR 
AIR 

I 

t 

i 
I 

IrfM NO. 

1
6 

,5 

i 7 

18 
• 

'I Ifil 
I 

5 J 

: 
I 
I 
i 

I 
I 
! 
\ 

1 
\ 

, 

4 

AWG 
I,y. 

/'{o 

/-'" 
I'" 
2'<' 
29 
14 

-

CO,4.QFf 

miD 

.BJ..,IICH 

Y£t.J..OW 

BLUE 
R$D 

eJ.£;fCk 

BLACI< 

I 

7 

WIRE T~8"£ 

FROM TO £Ql.JIP I='ROM WlrH 111!JtI EQUIP ro WITH IT4'M 

P~-/ ~ 5 """' 
/'.$-6 ~ 5 1 ... 
p,s-Ifj -= 5 ---P.:I-/,2 - $ ,... 
,.03-3 P.3-"'" 5 .!I!=-
P.5'-,s- P.3-t; .:s N()rEI 
P3-9 3 II 

NOTES: 
I. .PIN S HAS TWO ,M///i'ES oAlE OF WINCr! IS 

,f ./lIMPEI(·1"'i:JP/,vs 

3 

I q;l" : 11"£ f 
1 oI':L 1861 e Iii r J":U8IJSB f 

RS64-TI'I 
DESCRIPTION 1 

PARTS UST 

PART NO. J'TEM 
NO. 

UN S OTHERWI E SPECIFIED DRN. ~.' y:; D~ ~ ~BII!IIBDII!IID E QUI P MEN T 

I.'NSION IN INCH C' "'~ > 1~~~-71 _ ••••• D._ •••••• u .. m ~
ss OTHERWISE SPECI G -l.IV '::I"" 1:1 W iii CORPORATION 

DECIMALS ERA ONS ANGLES IEf T A .I DATE TITLE 
..... .0"0' I( /G..d •.. d.. "-7 POWER CABLE 

RE E .UR~';"::E 8REA TV",p I'" ~No/ ' D~!~_.,l 
CO.N'.S Ollv ;. _ DATE;7. (R S 64 - T 11) 

MATERIAL .'.' 

" 
NEX- TGER ASSY 

b= _______ I:-:=D:..·,;-fl;,:D:..-.:.7.:.0.:.0:,:8:.5.:.S.:.8.:.-.:.0:..·..:.j0 SIZELCODEI NUMBER . I REV. 
FINISH SCALE ---H--- DIIA 17008588-0-0 .C 

;~' I OF I DIST. SHEET 

I 2 1 

B-I8 

( 

D 

c 

+-
-
'~,U ( -

'& 
I 

.'& 
I I 

il~ 
on 
CD 
'& 
lSI 
I'-

i-:;( 
F 
~ 

B 

r---

A 

.t, 

c-) 



(~ ;; 

" 
I~\ ~\ 

". 
Thlsdrawins.ndspeclflClltlonl.heAil!n,,. ... tbllprap- WIRE TABLE lEGEND NOTE: arlYof Oll,bli EqulpmlllltCarpontlcm and shaD nat be 

ITE~ DE'5CRIF I N FROM 0 NUMBER VARIATION reproducedorCDpiedoruHdlnwhllleorlnplltu 
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Reader's Comments 

Your comments and suggestions will help us in our continuous effort to improve the quality and usefulness of 

our publications. 

What is your general reaction to this manual? In your judgment is it complete, accurate, well organized, well 

written, etc.? Is it easy to use? 

What features are most useful? -------------------------------------------------------------

What faults do you find with the manual? 

Does this manual satisfy the need you think it was intended to satisfy? 

Does it satisfy your needs? __________________ _ Why? ____________________ ~ ____________ __ 

Would you please indicate any factual errors you have found. 

Please .. describe your position, 

Name Organization 

.. Street __ ~--~~~------------------------Dep~tment 

City __________ _ State __________ ---,.,..,..-__ Zip or Country 
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