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SECTIDN I 
GENERAL DESCRIPTIDN 

1-1. INTRODUCTION. 

1-2. SCOPE. 

This technical manual describes the installation, operation, theory of operation and 
maintenance of the DE-211 and the DE-291 Data Electronics. 

1-3. MODEL DESIGNATIONS. 

DE -211 

Data Electronics----_J...... n T .. Single Speed, Vnshared 

Series 200-· -------'. .7 Track 

DE-291 

Data Electronic$-. _ .... ·_T..... F·. Single Spew, Vnshared 

Series 200 --------' .. 9 Track 

1-4. PURPOSE AND BASIC PRINCIPLES. 

1-5. PURPOSE. 

The Data Electronics card cage is wired, as shown on the Data ElectroniCs Logic 
Diagram, to accommodatecircuit board assemblies which provide the circuitry required to 
read, write, and check digital data. Seven-track tapes are bilaterally interchangeable with 
tapes prepared on IBM 729 tape transports. Nine-tracktapes are bilaterally interchangeable 
with tapes prepared per ASCII specifications. . 



1-6. BASIC PRINCIPLES 

- -

The card cage is wired to accommodate circuit boards which will read and write on -
either 7 or 9 tracks. Wiring is also induded to accommodate circuit boardswhich will per
form Vertical Parity Check, and Echo and Rate Checks. 

Circuit board assemblies included in the card cage-are determirtedby tape speed, 
bit packing density, number of tracks, error checking options and hi-directional read 
capability. --

1-7. SPECIAL ADDENDA. 

Addenda, which include special logic diagrams, are prepared to document features 
not included in this manual. Table 1-1 is a partial1ist of addenda. 

ADDENDUM 

3114924 

3114973 

3114977 

3115500 

3115501 

3115502 

3115503 

3115530 

3115758 

3115765 

3118387 

3118390 

.1~2 

TABLE 1-1 
PARTIAL ADDENDA LIST 

DESCRIPTION 

Vertical Parity Generate. 7 Tracks -

_- Longitu<;linal Parity Check 

Dual Density, Fwd/Stop (StdLevels) 

LCC Generate, Dual Density -

SpecialNeg Levels, Dual Density~ Run/Stop 

Tri -Density, Run/Stop (Std Levels) 

Read Only, Dual Density, Run/Stop (Std Levels) 

Special-PosLevels, Dual Density ,Run/Stop 

LeC Generate, Tri':'Density 

Vertical Parity Generate, 9 Tracks 

Special Pos Levels, Dual Density, Fwd/Stop 

Special Neg Levels, Tri-Density, Run/Stop 

LOGIC 

3114921'" 

3114904 

3115496 

3115776-

3115445 __ 

3115446 

3115795 

.3118315 

3115757 

3115766 

3118325 

3118323 



2-1. INTRODUCTION., 

2-2. SCOPE. 

,SECTIDN II 
INSTALLATION 

This section provides information on unpacking, power requirements, installation 
and cabling. Input signal requirements and output signal characteristic s are also de scribed 
in this section. 

2 -3. UNP ACKING. 

The Data Electronics is installed with the Ampex Tape Transport in the Tape 
Memory System enclosure. When no enc10sureis supplied, the Data Electronics is shipped 
in custom designed crating. No special unpacking instructions are required. All equipment 
should be inspected for shipping damage prior to the application of power. 

2-4. POWER REQUIREMENTS. 

Power for the Data Electronics is supplied by the Ampex Logic Power Supply, which 
is a separate assembly . The power supply provides three regulated voltage outputs and two 
unregulated voltage outputs. The power supply requires a maximum input power ·of 345 watts 
with all outputs at the full load shown on Table 2 -1. If the Ampex Logic Power Supply is not 
used, provision must be made to supply the voltages listed in Table 2-1 at the required cur
rent and regulation. 

TABLE 2-1 
POWER SUPPL YOUTPUT 

REGULATED VOLTAGE 

+12V 

-12V 

- 6V 

UNREGULATED VOLTAG E 

+24V 

-24V 

CURRENT 

+4.5 Amp 

-5.0Amp 

±1.5 Amp 

CURRENT 

+0.1 Amp 

-0.1 Amp 

REGULATION 

1% 

1% 

2% 

REfiTTLATTON 

10% 

10% 
1 

2-1 



t-,..) 

1 
t-,..) 

'"c1 
O"'Ij 
I;:l:l ,.... 

t""'~ 
o !-i g (!) 

P. N 
0 I 

;:l ...... 
UJ 

"I '" ~ k 

g~ g ~ 
;,. 
~ 
!::. 
:<l ;,. 

'" r-

'" 0 

"iii 
0 
tIl 
2-
t'l 
0 
Ii) 
() 

'0 
Cl 

8 

~ 

ttl 

SELECT LOGIC * 
STROBil GENERATOR 

EXCLUSIVE OR " 
EXCLUSIVE OR * 
EXCLUSIVE OR * 
ERROR CHECK * 
OUTPUT DRIVER 

OUTPUT DRIVER 

INPUT BUFFER 

INPUT BUFFER 

:> 

I ~ -10 
~ ,... 

-I;::; 

I - - 3~ ffi WRITE AMPLlFIER(TRACK 1) _ - :;:: 

'ffi WRITE AMPLIFIER (TRACK 2) - - . ;:;; 
I~ 
~ WRITE AMPLIFIER (TRACK 3) 

"" >' 

2\i 

§2 
~ 

BtJj';' 
tJjt""'.-j 
ItJj~ 
NO> 
;:::.-jO 
-~~ o 

~ 
o 
en 

ttl > 

'" READ AMPLIFIER (TRACK 1) :<l READ DESKEW (TRACK 1) 
~ Cl 

~ READ AMPLIFIER (TRACKS 2 & 3) '" READ DESKEW (TRACK 2) Cl 
::!. READ AMPLIFIER (TRACKS 4 & 5) '" READ DESKEW (TRACK 3) ;,. Cl 
;ot>. 

READ AMPLIFIER (TRACKS 6 & 7) '" READ DESKEW (TRACK 4) >- Cl -. '" READ DESKEW (TRACK 5) Cl 
en SELECT LOGIC * '" READ DESKEW (TRACK 6) t:::o. Cl 

'" STROBE GENEHATOR '" READ DESKEW (TRACK 7) 0._ Cl 
tIJ EXCLUSIVE OR * 0_ 

a.", EXCLUSIVE OR * 
- r-:r:C-

-~ ERROR CHECK " 
0 OUTPUT DRIVER Cl .-
0 
O~ OUTPUT DRIVER * 
001> INPUT llUFFER 

00 -t> INPUT IlU F F ER 

.!.:<CJ/} 

.-:"'~-2'-7 

(' 0)s. 

- f=Fl'-

~-
t 
::=: 
:>:'-:> 
§i_, 

~"l' 
"'-~ ... -... 

Q~ 

.... 
~ 
~ 

§2 
~ 

BtJj~ 
tJjt""''"":l 
ItJj~ 
NO> 
~.-jO 
-~~ o 

~ o 
C/) 

WRITE AMPLIFIER (TRACK 1) 

WRITE AMPLIFIER (TRACK 2) 

WRITE AMPLIFIER (TRACK 3) 

WRITE AMPLIFIER (TRM:K 4) 

WRITE AMPLIFIER (TRACK 5) 

WRITE AMPLlFlBR (TRACK 6) 

WRITE AMPLIFIER (TRACK 7) 

WRITE POWER-GATE 

N 

'" 
.... 

'" 
0< 

" 
00 

'" 
o 

;::; 
.... 
w 
.... .... 
u. 

.... 
0< 

.... 
" 
~ 
.... 
'" 
N 

'" 
N 

" 
N 
W 

N .... 



2-5. INSTALLATION. 

Typical Outline and Installation drawings are provided, in the drawing section of 
this techI1ical manual and in the TapeTransport manuals. Figure 2-1 shows typical printed 
circuit board assembly (PCBA) locations for 7-track and for 9-track Data Electronics. 
Mnemonic designations, as shown on the Logic Diagram, are provided. Table 2-2 lists the 
coded designation which appears on the ejector tab of the PCBA's and provides the part num
bers according to basic tape speeds. 

2-6. CABLING. 

Cabling diagrams for TM-7211, TM-9211 and TM-1l211Tape Memory Systems are 
supplied in Section VIlof this manual. The TM-11211 diagram is also used for TM-l2211 
systems. Inputs to the system and outputs from the system are connected to the Data Elec'" 

. tronics via the Connectors on the Input/Output Panel as shown in Tables 2-3 and 2-4, respec
tively. These inputs and outputs supersede those listed in the Tape Transport manual. Con
nections from the read heads are shown in Table 2 -S and connections to the write heads in 
Table 2-6. Table 2-7 lists connections to the Tape Transport. Table 2-8 lists connections 
to the Logic Power Supply. Tables 2-3 through 2-8 are located at the end of this section. 

2-7. INPUT SIGNAL REQUIREMENTS. 

2-8. INPUT SIGNAL VOLTAGE LEVELS. 

The following signal voltage levels apply to all input signals (the input impedance 
is 2300±115 ohms retUrned to-3. 8 volts. .. . 

TRUE Level: -12 (+3, -13) volts 

FALSE Level:. 0.00 ±1. 25 volts 

I NOTE ., 

When non -standard input levels are 
provided, special Input Buffer PCBs 

.. and wiring changes are required. 

2-9. INPUT SIGNAL TIMING. 

In the following description of input signal timing, transition times are measured 
from the lO-percent pOint to the 90-percentpoint. Signal duration is measured from the 
90-percent point of the leading-edge transition to the lO-percent point of the trailing-edge 
transition. 

2-3 



TABLE 2-2 
PCB PART NUMBERS 

.. CODE ... , DESCRIPTION PART NO. 
'. 

ECC* Error Check 
36ips 3109872-10 
75 ips 3110558-10 
112.5/120/150 ips 3110031-10 

EOA** Exclusive OR 3107274-10 

lEA Input Buffer 3107258-10 

ODA Output Driver 3107259-10 . 

RAB Read Amplifier 
36 ips 3107266-10 
75 ips 3109991 dO 
112.5/120/150 ips 3110273,..10 or 

3118138 -01 

RDB*** Read Deskew (Read Fwd) 
36 ips 3t07269-1O 
75 ips 3109475-10 
112.5/120/150 ips 3110004-10 

'----. -.~~~~~.~ c'··· 

2-4 

RDC*** Read Deskew (Bidirectional) 
36 ips 3109932-10 
75 ips 3109935-10 
112.5/120/150 ips 3109936-10 

SGA Strobe Generator 
36 ips 3107057-10 
75 ips 3109994-10 

. 112.5/120 ips 3110003-10 
150 ips 3118218-01 

SLB*** Select Logic-B 3111157-10 

WAB Write Amplifier 
36 ips 3112363-10 
75 ips 3109572-10 
112.5/120/150 ips 3110002-10 

WPD W rite Power Gate 3107268-10 

*The Error Check (ECC) PCB is supplied for the Echo and Rate Check option. 
**Two Exclusive OR (EOA) PCBs are supplied for the Vertical Parity Check option. 

***ReadDeskew (RDB) PCBs are replaced by Bidirectional Read Deskew (RDC) PCBs 
for bidirectional reading. Select Logic (SLB) is supplied for the bidirectional 
read option. 

, .. 



2-10. Write Data. (See Figure 2-2.) A minimum interval of 1.5 Ilsec is required between 
the 90-percent pOint of the Write Data leading-edge transition and the lO-percent point of the 
next Write Strobe leading-edge transition. 

A minimum interval of 1. 5 Ilsec is required between the 90-percent point of the 
Write Strobe trailing-edge transition and the lO-percent of the next Write Data leading-edge 
transition. 

To write a series of ONE 'St the Write Data input may be held at the TRUE level for 
the entire se:r;ies. 

2-p. Write Strobe. (See Figure 2-2.) The Write Strobe leading (and trailing) edge 
transition time shall not exceed 1. 5 Ilsec. 

The Write Strobe TRUE state mUst coincide with the Write Data TRUE (or FALSE) 
state for at least2llsec. 

2-12. Write Reset. The Write Reset leading (and trailing) edge transition time shall not . 
exceed 1. 5 Ilsec. 

The Write Reset signal must remain at the TRUE level for at least 1. 5 psec. 

The Write Reset signal is used towrite the ~ongitudinal check character (Lee) at 
. the end of each block of data. The LCC resets the NRZl write register. 

A minimum interval of 106 Ilsec/ data transfer frequency is required between the 
90-percent point of the Write Reset trailing-edge transition and. the lO-percentpointofthe 
next Write Strobe leading-edge transition. 

2-13. Wrjte Permit .. (See Figure 2-3.) The Write Permit leading (and trailing) edge 
transition time shall not exceed 5 Ilsec. 

The Write Permit level shall notbech~nged While the tape is in motion. 

Write Permit should be at the FALSE level 
during Reverse and Rewind operations. 

2-14. Read Permit. The Read Permit leading (and trailing) edge transition time shall not 
exceed·S·l.lsec. 
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2-6 . 

WRITE 'DATA 

WRITE 'STROBE , 

.' STOP 

"90% 10% - - - - -'"-----.;..-------' 

1.5 1.5 2.0 1.5 1.5 
SEC USEe USEC SEC USE 

MIN MAX .MIN MAX MIN 

INPUT 
LEVEL 

FALSE 

TRUE 

FALSE 

_ ...;. __ TRUE 

... 
START 
TIME (MIN) _ ~ ____ ...:. _____ . __ FALSE 

RUN COMMAND*/STOP 

90% RUN COMMAND 

* Rl.}n Command is ItUIi 1n Fwd/Rev-Run/Stop logic systems and 
Forward or Reverse in Fwd/Stop-Rev/Stop logic systems. 

Figv.re2.,.Z 
Timing Requirements for Write Data, Write Strobe, and Run/Stop Inputs 

TRUE 



2·1S.HI/LO Density. The HI/LO Density leading (and trailing) edge transition time shall 
be S jlsec maximum; High density is selected by a TRUE level. The high/low density line 
selects the appropriate timing read circuits. 

('NOTII 

This signal is normally supplied 
from the tape transport Operator 
Control Panel. 

2 .. 16. Odd/Even Parity. The Odd/Even Parity leading (and trailing) edge transition time 
shall not exceedS jJsec. Odd parity is selected by a TRUE, leveL The Odd/Even Parity line 
is used to select odd or even Read Vertical Parity check. 

2·17. Forward/Reverse~ The Forward/Reverse leading (and trailing) edge transition time 
shall not exceed S jJsec. (See Figure 2-3A.) The Forward mode is active when this line is at 
the TRUE level. Forward/Reverse transitions shall not occur while the tape is in motion. 

A minimum interval oiS jlsec is required between a Forward/Reverse transition 
and the Run/Stop transition. 

. .... ,.-.." ;". 

~ 
Write Permit should be at the FALSE 
level when tape is moving in the Reverse 
direction. 

2-18. Run/Stop. The Run/Stop leading (and trailing) edge transition time shall not exceed 
Sjlsec. (See Figure 2-3B.) A TRUE level on this line sets the transport in the Run mode. 

A minimum interval of 5 jJsec is required between the Forward/Reverse transition 
and the Run command. 

A minimum interval of 2.0 ms is required between a Write Permit transition and 
a Run command. 

A minimum interval equal to the stop time (to allow tape motion to stop) is required 
between the 90-percentpoim of a Stop command transition and a Write Permit transition. 
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INPUT LEVEL 

FALSE 

WRITE PERMIT rSTOP1~'-""'-. _________ 1-
RUN/STOP 

5USEC 
MIN 

... ~~ ..... ~ r~~~1 
STOP I ;,,;;~ I . (MIN) ... 

I+---tU~ W--
5USEC 

MIN 
SUSEC SUSEC 

MIN MIN 
REV 

TRUE 

FALSE (STOP) 

TRUE (RUN) 

FORWARD/ 
REVERSE 

't,-,,-~FWD ~r\- - - - - - --- - FALSE (REV) 

TRUE (FWD) 

A. Forward/Reverse-Run/Stop Logic 

INPUT LEVEL 

A L FALSE 

r-5T~~~WE ~;dl ~r-~-~-s'-· ~I----I"" .. ""-.-.-~-T-:i-~-. _-..J:, - - TRUE 

STOP I .. . I ~IN). (MIN) 

WRITE PERMIT 

)p. f "\ . . t \ ;-....-------- FALSE (STOP) 

FORWARD/ST':i I· ~.·U··SE.c.1 ~ - - - - - -- - TRUE (FWD) 

~ MIN MIN . STOP 

REVERSE/STOP ... . .. . .• 
------.t~.. . FALSE (STOP) 

REV _. _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ TRUE (REV) 

B. Forward/Stop-Reverse/Stop Logic 

Figure 2-3 
Timing Requirements for Write Permit, Forward/Reverse. 

Run/Stop. Forward/Stop, and Reverse/Stop Inputs 
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2-19. Forward/Stop (Option). The Forwaxd/Stop leading (and trailing) edge transition time 
shall not exceed 5llsec. (See Figure 2-3B.) The Forward mode is active when this line is at 
the TRUE level. 

A minimum interval of 2.0 ms is required between a Write Permit transition and a 
Forward command. 

A minimum interval equal to the stop time (to allow tape motion to stop) is required 
between the 90-percent point of a Stop command transition and a Write Permit transition. 

2-20. Reverse/Stop (Option). The Reverse/Stop leading (and trailing) edge transition time 
shall not exceed 5llsec. (See Figure 2-3B.) The Reverse mode is active when this line is at 
the TRUE level. A minimum interval equal to the stop time (to allow tape motion to stop) is 
required between the 90-percentpoint of a stop command transition and a Write Permit tran
sition. 

Write Permit should be at the FALSE 
level when tape is moving in the Reverse 
direction. 

2-21. Rewind~· The Rewind leading (and trailing) edge transition time shaH not exceed.5 
Ilsec. The Rewind signal shall remain at the TRUE level for at least 5 Ilsec. Rewind opera
tion is initiated by the negative-going transition. 

2-22. Rewind and Lockout. The Rewind and Lockout leading (and trailing) edge transition 
time shall not exceed 5 Ilsec. The Rewind and Lockout signal shall remain at the TRUE level 
for at least 5 Ilsec. Rewind and lockout operation is initiated by the negative -going transition. 

2-23. 

2-24. 

OUTPUT SIGNAL CHARACTERISTICS. 

OUTPUT SIGNAL VOLTAGE AND CURRENT LEVELS~ 

TRUE Level: -11.5 (+2.5, -0.5) volts; 5 ma maximum from the load 

FALSE Level:. 0.00:t1. 25 volts; 5 rna maximum to the load 

I NOiE· 
When non-standard output levels are 
provided, special Output Driver PCBs 
and wiring changes are required. 
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OUTPUT SIGNAL TIMING • 

In the following descriptiono! outpu(signal timing, transition times are ;measured 
from the 10~percent point to the 90~percent point~ Signal duration is measured from the 
90-percent point on the leading edge t:rans iti on to the 10.:.percentpoint on the tratling edge 
transition. Maximum leading edge displacement between Read Data, Read Clock, and 
Vet1:icalParityError outputs i80;,3 j.lsec maximum. 

2-26. Read Data. The Read Data leading edge transition time is 0.30psec maximUm. 
The trailing edge transition time is 0.30 Ilsec. Signal duration is from 0.9 Ilsecminimum 
to 1. S Ilsecmaximum. 

2-27. Read Clock. The Read Clock leading edge transition time is. 0.30 Ilsec maximum. 
The trailing edge transition .time is 0.30 Ilsec. Signal duration is from 0.9 Il sec minimum 
to 1. S Ilsee maximum.: 

2-28 ... '; Vertical Parity Error (Option). The Vertical Parity Error lea<iing edge transition 
time is 0.30 Ilsec maximum. The trailing edge transition time is 0.30 Ilsec maximum. 
Signal duration is .from 0.9 Ilsec minimum to 1. S Ilsec maximum. 

2 ~ 29. VI rite Check Error .( Option) . The Write Cheek Error leading edge transItion time 
.is O. 30p.sec:: maximum~ The trailing edge transition time is 0.30p.sec maximum. Signal . 
duration is fromO.S Ilsec mininium to S.3psec maximum. 

2-30. . Write Enable Status. Three lines are provided to indicate the state of the write 
permit relay on the Data Electronics Write Power GatePCBA • When a file -protect condition· ., 
exists, the write permit relay is deenergiz;ed and the Write Enable Status (C) line is con-. 
neeted to the Write Enable Status (NCr line. When a write enabie condition exists, the write 
permit relay is energized and the.Wtite Enable Status (C) line is connected to the Write 
Enable Status (NO) line. 

2~31. TAPE TRANSPORT STATUS OUTPUTS. 

Tape transport status output levels are -ll.S (+2.S, -0.5) volts (S ma maximum 
frolILthe loa.d)andO. 00 ±1. 25 volts. (S mt;l. maximum to the load) for TRtJEand 1? ALSE, respec
tively' unless otherwise indicated. Thestafus outputs are active in the remote mode only. 

2-32. Beginning-otc-Tape (BQT). A.TRUE level on the BOT line indicates that the BOT tab 
is being sensed by the photo sense assembly • 
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2-33. End-of-Tape (EOT). A TRUE level on the EOT line indicates that the EOT tab is 
being sensed by the photo sense assembly. 

2-34. High/Low Density Status. The High/Low Density Status line acknowledges the 
density select level. A TRUE level indicates that high density has been selected. A FALSE 
level indicates that low density has been se~ected. 

2 -35. Ready. A TRUE level on the Ready line indicate s that all tape transport interlocks 
are closed and the transport is ready for remote operation. 

2-36. Rewinding. A TRUE level on the Rewinding line indicates that the rewind operation 
is being performed. 

2-37. Unit Select. A TRUE level on the Unit Select line indicates that the tape transport 
has been selected by a TRUE level at the Select input (when a single tape transport is used, 
the Select line is returned to -12 volts in the Data Electronics, thus providing a TRUE Select 
level at all times). 

2-38. Select and Remote Indicator. This line is driven by a line driver returned to 
ground. The line driver must be terminated with an indicator lamp returned to -12 volts 
(this is normally done by an indicator lamp in the Operator Control Panel of the Tape Trans
port). When so terminated, the line driver output is 0.0 ±1. 5 volts when the Unit Select 
status line is at the TRUE level; the line driver output is 125 ohms returned to ground when 
the Unit Select status line is at the FALSE level. 
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INPUT/OUTPUT PANEL 
CONNECTOR J4 PIN NO. 

e 
1 
f 
Z 
d 

Y 
c 
X 
W 
C 

D 
E 
F 
M 
N 

P 
R 
S 
G 
j 

, k 
A 
B 
H 

J 
K 
L 
T 
U 
V 

a 
b 
g 
h 
m 

2-12 

TABLE 2-3 
SYSTEM INPUT CONNECTIONS 

(FROM CUSTOMER) 

INPUT 
SIGNAL 

Fwd/Rev (or Rev/Stop) 
Odd/Even Parity 
Rewind Command 
Rewind and Lockout 
Read Permit 

Run/Stop (or Fwd/Stop) .. 
Write Permit 
Write Reset 
W rite Strobe 
Write Track I 

W rite Track 2 
W rite Track 3 
Write Track 4 
Write Track 5 
W rite Track 6 

Write Track 7 
Writ.:> 'r.,.."".], Q 

o ............ _ .... .Lt...4.'-.t'- V 

W rite Track 9 
Spare 
Spare 

Spare 
Ground 
Ground 
Ground 
Ground 

Ground 
Ground 
Ground 
Ground 
Ground 

Ground 
Ground 
Ground 
Ground 
Shield Ground 

DATA ELECTRONICS 
CONNECTOR J5 PIN NO. 

26 
24 
28 
27 
10 

25 
21 
9 
8 
1 

2 
3 
4 
5 
6 

7 
22 
23 
31 
39 

40 
11 
12 
13 
14 

15 
16 
17 
18 
19 

35 
36 
29 
30 
20 



INPUT/OUTPUT PANEL 
CONNECTOR J5 PIN NO. 

W 
X 
e 
R 
C 

D 
E 
F 
M 
N 

P 
G 
d 
Z 
Y 

k 
I 
h 
c 
V 

b 
a 
j 
f 
A 

B 
H 

J 
K 
L 

S 
T 
U 
g 
m 

TABLE 2-4 
SYSTEM OUTPUT CONNECTIONS 

(TO CUSTOMER) 

OUTPUT 
SIGNAL 

Beginning-of-Tape 
End-of-Tape 
High/Low Density Status 
Read Clock 
Read Track 1 

Read Track 2 
Read Track 3 
Read Track 4 
Read Track 5 
Read Track 6 

Read Track 7 
Read Track 8 
Read Track 9 
Ready 
Rewinding 

Unit Select 
Select and Remote Indicator 
Vertical Parity Error 
Write Check Error 
Write Enable Status (C) 

Write Enable Status (NC) 
Write Enable Status (NO) 

Spare 
Spare 
Ground 

Ground 
Ground 
Ground 
Ground 
Ground 

Ground 
Ground 
Ground 
Ground 
Shield Ground 

DATA ELECTRONICS 
CONNECTOR J4 PIN NO. 

21 
22 
25 

8 
1 

2 
3 
4 
5 
6 

7 
9 

10 
24 
23 

32 
33 
27 
29 
38 

40 
39 
28 
26 
11 

12 
13 
14 
15 
16 

17 
18 
19 
31 
20 
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TABLE 2-5 
DATA ELECTRONICS TO READ HEAD INTERCONNECTIONS 

DATA ELECTRONICS READ HEAD SIGNAL 
Jl PIN NO. Jl PIN NO. DESCRIPTION 

2 A Read Track 1 
12 D Read Track 1 

23 H Read Track 2 
33 L Read Track 2 

4 P Read Track 3 
14 T Read Track 3 

25 W Read Track 4 
35 Z Read Track 4 

6 a Read Track 5 
16 X Read Track 5 

27 U Read Track 6 
37 R Read Track 6 

8 M Read Track 7 
18 J Read Track 7 

29 E Read Track 8 
39 B Read Track 8 

21 C Read Track 9 
31 F Read Track 9 

9 c Head Ground 
22 --* Shield Ground 

*Shield ground terminated at the read head with lug El, which is 
attached to chassis ground near the read head. 



TABLE 2-6 
DATA ELECTRONICS TO WRITE HEAD- INTERCONNECTIONS 

DATA ELECTRONICS WRITE HEAD SIGNAL 
J7 PIN NO. J2 PIN NO. DESCRIPTION 

2 A Write Track 1 
12 D Write Track 1 
22 .' -- Shield Ground 1 

23 H Write Track 2 
33 L Write Track 2 
13 -- Shield Ground 2 

4 P Write Track 3 
14 T Write Track 3 
24 -- Shield Ground 3 

25 W Write Track 4 
35 Z Write Track 4 
15 -- Shield Ground 4 

6 a W rite Track 5 
16 X W rite Track 5 
26 -- Shield Ground 5 

27 U W rite Track 6 
37 R . Write Track 6 
17 '-- .. Shield Ground 6 

8 .M Write Track 7 
18 J Write. Track 7 

, 28 -- Shield Ground 7 

29 E Write Track 8 
39 B W rite Track 8 
19 -- Shield Ground 8 

21 C Write Track 9 
31 E Write Track 9 
11 -- Shield Ground 9 

20 b Erase Head Power 
30 d Erase Head Return 
40 -- Shield Ground Erase Head 

10 S Write Power (Head CT) 
9 c* Head Ground 

-- --** Common Shield 
I I I 

*Head ground also terminated at the write head with lug E1, which is attached to chassis 
ground near the write head. 

**Common shield terminated at the write head with lug E2, which is attached to terminal 
E2 near the write head. 

I 
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. . TABLE2-7 . 
DATA ELECTRONICS TO TAPE TRANSPORT INTERCONNECTIONS 

DATA ELECTRONICS SIGNAL TM-7/TM.,.9 
J6PIN NO. DESCRIPTION . }10 PIN NO. 

\ . 

6 '. Begi:h.ning-:"of-Tape (-) 6 
8 End-ai-Tape (-) 8 
1 Forward/Reverse (- /+)* 1 
7 High/Low Density (-/+) . 7 

19 High/Low Density Status (-/+) 19 

10 Readyk) 10 
4 Rewind arid Lockout (-) 4 
3 Rewind Command ( -) 3 
9 Rewinding ( ... :) 9 
2 Run/Stop ( c/+)** 2 

5 Select (-) 5 
18 Select and Remote Iridicator (+) 18 
14 Unit Select ( -) 14 
15 Write Enable Switch/Rela.y (C) 15 
16 Write Enable Switch/Relay (NC) . 16 

17*** Write Enable Switch/Relay (NO) 17 
11 Ground 11 
12 Ground 12 
13 Ground 13 
20 Shield Ground 20 

*Reverse/Stop (-/+) when Fwd/Stop-Rev/Stop logic is supplied. 
**Forward/Stop (-/+) when Fwd/Stop-Rev/Stop logic is supplied 

***Pln 17 of J6is returned to,gro1:rnd in the Data Electronics 

2-16 

TM-11/TM.,.12 
CONTROL 

. ELECTRONICS 
J4 PIN NO. 

11 
12 
14 

7 
3 

: 

2 
9 
8 
1 

15 

4 
6 
5 

18 
17 

19 
13 
16 
10 
20 



TABLE 2-8 
DATA ELECTRONICS TO POWER SUPPLY INTERCONNECTIONS 

DATA ELECTRONICS LOGIC POWER SUPPLY 
TS1 TERMINAL NO. TSI TERMINAL NO. VOLTAGE 

1 6 +12 VDC (Regulated) 
2 8 Ground 

3 10 -6 VDC (Regulated) 
4 12 Ground 

5 2 -12 VDC (Regulated) 
6 4 Ground. 

7 13 +24 VDC(Uriregulated) 
8 14 Ground 

9 15 -24 VDC (Unregulated). 
10 16 Ground 
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3-1. INTRODUCTION. 

SECTION III 
,OPERATIDN 

This section briefly describes the operation of the Data Electronics. 

3-2. OPERATING MODES. 

The Data Electronics is capable of operating in three different modes:. ·write check, 
write only, and read only. The operating mode is determined by the level of the Read Permit 
and. Write Permit input Signals. 

3-3. WRITE CHECK MODE. 

In tile Write Check Mode, information is read immediately after it is written. To 
operate in the Write Check Mode, Write Perinit and Read Permit inputs must be TRUE~ 

.3-4. WRITE ONLY MODE • 

. In the Write Only Mode, information is written but reading does not occur. To 
. operate in theWri,te Only Mode,· Write Permit illput must be TRUE and Read Permit.input 

.. must be FALSE. 

3;..5·. READ ONLY MODE~ 

In the Read Only Mode, information is read. but writing does not occur. To 
operate .in the Read Oilly Mode. Read Permit input must be TRUE and Write Permit input 
must be FALSE. 

3-6. WRITE SIGNAL CONDITIONING. 

Writing of data is accomplished on seven (or nine) tracks. In the following 
description of write signal conditioning. the operation of only one track is discussed~ Each 
input signal is conditioned by· an input buffer. 
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3-7. WRITE DATA. (See Figure 3'-1.) 

Data is written when the Write Data input is strobed through an AND gate by the 
Write Strobe and fed, via an OR gate, to the Write Deskew single-shot delay. Write Head 
gap-to-gap static skew is compensated for by the single-shot delay. The deskewed Write 
Data signal is fed to the write register. Write Permit is comprised of the ANDed Write 
Permit and Run inputs. The write register controls the direction of current flow in the write 
head. 

3-8. WRITE POWER. 

Whenthe Write Permit signal is TRUE and a Write Enable Ring is in-place, power 
is supplied to the Write and Erase Heads through the Write Power Gate. 

3 -9. WRITE RESET. 

The Write Reset signal is ANDed with the Set status output of the NRZ Write Register 
and is then fed to the NRZWrite Register flip-flops via the OR gate and the single-shot delay. 
The "VXrite Reset line is used to write the Longitudinal Check Character (LCC) at the end of 
each block of data. The LCG is used to reset the NRZ register, resulting in an even number 
of flux reversals (ONEs) in each track of the block. 

TEST DESKEW 1.[ 

L. WRITE PATA 1I Jl.. (AC SET AND RESET 

WRITE StROBEL[ 
.. WRiTE BY T~AIUNG EDGE) 

.~ 
WRITE DATA 

AND OR DESKEW 

It.. 
NRZI 

r+ 55 WRITE WRITE 
REGISTER HEAD - FF I--

WRITE RESET 1I - 1I (DC RESET WHEN 
WRITEPERMIT OR 

AND RUN IS FALSE) 

r WRITE REGISTER FF SET STATUS .... 

RUN 
..... 

WRITE PERMIT AND RUN AND 
WRITE PERMIT 

I WRITE 
WRITE PERMIT POWER 

WRITE 

WRITE 
POWER 

WRITE ENA8LE GATE ERASE POWER ERASE ENA8lE HEAD SWITCH 

Figure 3-1 
Read Signal Conditioning, Block Diagram 
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3-10. READ SIGNAL CONDITIONING. 

Reading of data is accomplished on seven (or nine) tracks. In the following 
description of read signal conditioning, only one track is discussed. 

3-11. READ DATA. (See Figure 3-2.) 

The signals from the Read Head are amplified by the Read Amplifier and fed to the 
peak detector circuit on the Read Deskew PCBA. The peak detector generates positive pulses, 
corresponding in time to the peaks of the analog Read Head signals. The peak detector clip
ping level is established as a function of Write Permit. 

The Read Data from the peak detector is fed to the Read Deskew single-shot delay. 
Read head gap-to-gap static skew is compensated for by the single-shot delay. The deskewed 
Read Data signal is fed to the Read Register. Bi-directional Read Deskew circuits are avail
able as an option. 

When a Read Permit signal is present, the Read register assembles the deskewed 
Read Data signals within each character frame and drives the data output drivers. 

3-12. STROBE GENERATION. 

The Strobe Generator provides the Strobe signal for the Read Data and Read Parity 
Error AND gates, and the Read Clock signal to the Read Clock output driver . 

..Jl. 
READ 
HEAD 

READ 
DATA READ !... PEAK 

AMPLIFIER r--v DETECTOR 
OR 
CLOCK 

CAC SET BY 
TRAILING EDGE) 

(AC RESET BY 
TRAILING EDGE) 

RE'g~~ER Lr--.....;..., 

_W ... RI_TE_P.;...ER.-.M_IT ___ ..... CLIPPING L...;.. __ ...... 

• LEVEl r 

FWD/REV 

DENSITY SHECT 

r---, 
I I 

I 
DelAY 
SELECT 

I 
I 

I I 
L81DIRECTIONAL I 
R~O~_J 

CDESKEW DelAY SElECT) 

1f , r- READ 
'----1· L!i' STROBE C-) 

I I 
STROBE I i-i READ 

CDC ENAB~ GeN U L STROBE (+) 

(STROBE 
DELAY 
SElECn 

FF 

~~~----~--------------------~~-----~WINV~----~ ~~ 1 EJ 
Figure 3-2 

Write SignalConditiorting, Block Diagram 

AND/ 
DRIVER 

DRIVER 

CDC RESET WHEN 
READ PERMIT IS f AlSEl 

READ DATA 

1f 
1 lISEC 

READ CLOCK 

1f 
1 lISEC 
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3-13. ERROR CHECKING. 

3-14. VERTICAL PARITY CHECK. 

The vertical parity check circuits generate an Error signal when the parity of the 
read register does not correspond to the status of the Odd/Even Parity input. In the Read 
Only Mode, the Error output is provided at the Vertical Parity Error output. In the Write 
Check Mode, the error indication is provided at the Vertical Parity Error output and at the 
'\Yrite Check Error output 

3-15. RATE CHECK. 

The rate check circuit generates a Write Check Error output when the time interval 
between successive characters is below a design threshold. 

3-16. ECHO CHECK. 

In ORed Clock systems, at least one Write Amplifier flip-flop must change state 
after each Write Strobe. The echo check circuits generate a Write Check Error output when 
none of the Write Amplifiers change state after receipt of a Write Strobe. 

READ STROBE (+) n 1 USEC 

READ DATA 
4. lS VERTICAL PARITY ERROR. II> ., AND/ 

READ PARITY ERROR DRIVER 
ODD/EVEN PARITY 
PARITY. SELECT CHECK 

r 

~ 
VERTICAL 
PARITY lS 

AND 
ERROR 

1 USEe 

1,[ RATE lSY 1.f. 1.f READ STROBE (-) RATE ERROR PULSE WRITE CHECK 
CHECK .. OR GEN ERROR 

r+ 
AND/ 

~ 
DRIVER U 

ECHO n. . ECHO lS 1 USEC 
I ~ 

ERROR 

lJf 
ECHO 

WRITE STROBE 
CHECK 

" 

WRITE PERMIT AND RUN t IDC RESET WHEN 
WRITE PERMIT OR 
RUN IS FALSE) 

WRITE PERMIT 

Figure 3-3 
Error Check Circuits, Block Diagram 
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· s'aCTIONIV 
THeORY OF OPERATIDN 

4-1. INTRODUCTION. 

This section includes the theory of operation of the Data Electronics and an intro
duction to the graphic symbols used in the logic diagrams. 

4-2. LOGIC DIAGRAM. 

The Data Electronics logic diagrams in Section VII illustrate the logic functions 
in the data card cage . Use of the logic diagrams will facilitate the rapid diagnosis and 
localization of equipment malfunctions. 

4-3. LOGIC LEVELS. 

Most Data Electronics signals are binary level. Where binary levels are'used; one 
of the two levels is a 0.0 ±O.5 volt level. The second level is generally a -6 volt level. In 
some circuits, -12 volt, +6 volt, or +12 volt levels are used. When the binary signal levels 
are 0 and -6 or -12, the 0 volt level Is relatively high and is therefore termed positive (+) . 

. ' When the binary signal levels are 0 and +6 or Oand +12, the 0 volt leve~ is relatively low and 
is therefore termed negative ( -). 

Signal callouts in the Data Electronics logic drawing (Section VII) show the TRUE 
(active state) of the signal. Write Permit (-) indicates that Write Permit is TRUE when the 
Write Permit signal is relatively low. ReadStrobe (+)indicates that·R.ead Strobe Is TRUE 
when the Read Strobe Signal is relatively high. Run/Stop (-I+) indicates Run (-) is TRUE 
when the signal is relatively low and Stop (+) is TRUE when the signal is relatively high. 

4-4. LOGIC ELEMENTS. 

4-5. Identification. Identification of a logic element is accomplished by the graphic 
symboLand the notation within the symbol. (See Figure 4 -1.) The mnemonic de signation 
identifies the PCB nomenclature. The bottom notation identifies the physical location of the 
PCB in the card cage . 

4.,.6. State Indicators. A state indicator (small circle) atthe input to any logic element 
indicates that the relatively-low level of the input signal activates the function. A state 
indieator at the output of any element indicates that the output level of the activated function 
is relatively low. 
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--

4-2 

a 
AMPLIFIER 

c 
NOR 

9 

I~~ SG r:: 88 

e 
GENERAL 

Figure 4-1 
Logic Symbols 

AC SET) ----
DC RESET) 26_ 

"" 
AC. RESET) 24 

RD 
A2 

b 
FLIP-FLOP 

32 

1...30 .... 

d 
EXCLUSIVE OR 



4-7 .. SIGNAL F LOW DIRECTION. 

Direction of signal flow is indicated by logic symbol orientation. Inputs to a circuit 
are from the left and outputs are from the right. 

4-8. LOGIC SYIvlBOLS. 

4-9. Amplifiers. The triangular symbol represents either a current or a voltage amplifier. 
The amplifier may have one or more stages and mayor may not produce gain or inversion. 
Figure 4-1a represents an Input Buffer circuit. The presence of state indicators (small 
circles) at input pin 10 and output pin 9 signifies that inversion has not taken place . 

. 4-10. Flip-Flops. The rectangular symbol, Figure 4-1b, denotes the flip-flop. The flip-
flop is a device which stores a single-bit of information. Two or more inputs may be used 
to Set or Reset the flip-flop to produce two simultaneous outputs, low level and high level. 
The outputs of the flip..;flop are always shown in the set state. 

4-11. Gate Circuits. Gate circuits are represented as shown in Figures4-1c and 4-2 and 
may have one or more stages that mayor may not produce gain or inversion. The presence 
of state indicators at the inputs or at the single output indicate whether ornotipversion has. 
taken place. 

A two-input AND gate, Figure 4-2a. signifies that two relatively low levels co
inc~dental at the inputs (pins 11 and 12) will produce a relatively low output •. Conversely, 
Figure 4-2c denotes a two-input AND gate where two relativelyhigh levels present coinci..; . 
dentally at the inputs will produce a relatively high output. 

Figure 4-2e represents a two-input NAND (NOT-AND) gate that produces inversion. 
When two relatively high levels are present coincidentally at the inputs (pins 11 and 12) a 
relatively low level output is produced. Conversely, in Figure 4-2g, two low levels coinci-·· 
dental at the inputs will produce a relatively high level output frorn the NAND gate. 

Two-input OR gates, Figure 4-2b and 4-2d, produce an output when a signal is 
present at any of the inputs. In Figure 4-2b. a relatively high level at either of the inputs 
Will produce a high level output. In Figure 4-2d, a relatively low level at either of the inputs 
will produce a relatively low level output. 

In Figures 4-2fand4-2h, inversion takes place in the two-input NOR (NOT-OR) 
gates. When a relatively low level is present at any input of the NOR gate, Figure 4-2£, a 
relatively high level is produced at the output. A relatively high level present at either input 
of the NOR gate shown in Figure 4-2h will produce a relatively low output from the NOR gate. 
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LOGIC SYMBOLS 

AND 

~ :;.)--
a 

I )-
c 

NAND 

12 .. 

I OD~ ~11 B13 

e 

_3S~ "? B 12 

9 

4-4 

OR 

--,·1 ~:> 
b 

W 18_~ 

. 

d 

NOR 

d ::)-
f 

. 

):2:>-
h 

Figure 4-2 
Gate Circuits 

TRUTH TABLES 

INPUT 1 INPUT 2 OUTPUT 

LOW LOW LOW 

LOW HIGH HIGH 

HIGH LOW HIGH 

HIGH HIGH HIGH 

LOW LOW LOW 

LOW HIGH LOW 

HIGH LOW LOW 

HIGH HIGH HIGH 

INPUT 1 INPUT 2 OUTPUT 

.. 

LOW LOW I-UGH 

LOW HIGH HIGH 

HIGH LOW HIGH 

HIGH HIGH LOW 

LOW LOW HIGH 

LOW HIGH LOW 

HIGH LOW LOW 

HIGH HIGH LOW 



Figure 4-1c represents a three-input'NOR gate. A relatively low input at any of the 
three inputs will cause a relatively high level at the output. The absence of pin numbers and 
the dashed lines indicate that the preceding and following logical elements are on the same 
printed circuit board. 

3-INPUT NOR GATE TRUTH TABLE 

INPUT 1 INPUT 2 INPUT 3 OUTPUT 

High Low Low High 

High High Low High 

. High High High Low 

Low High High High 

Low Low High High 

Low Low Low High 
.' 

4-12. Exclusive OR Gates. Exclusive OR gates are used in the optional error detection 
circuits. Figure 4~ld represents the Exclusive OR gate. A relatively high level output 
appears only when the inputs are dissimilar. 

EXCLUSIVE OR GATE TRUTH TABLE 

INPUT 1 INPUT 2 OUTPUT 

High Low High 

Low High High 

High High Low 

Low Low Low 

4-13.' General Circuit Symbols. Rectangular or square symbols denote other circuits. 
Figure 4 -Ie represents a Strobe Generator circuit. State indicators denote the relative 
signal level at the inputs and outputs of the circuit element. Refer to the detailed descrip
tions of the PCB circuits in, Section VI fbrother circuit designations. 
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4-14. WRITE LOGICAL SEQUENCE. 

4-15. INPUT BUFFERS. 

Input buffers are used to provide isolation and supplypoW'er gain to the input 
signals. 

4-16. WRITE DATA . 

. ATRUE (low level) Write D<;tta signal at pin 12 of the write amplifier data input 
AND gate enables the AND gate., A Write Strobe pulse coincidental with the TRUE Write 
Data signal produces a negative-going pulse at the output of the AND gate. The negative
going pulse is applied through a NOR gate to the input of the Write Deskew single-shot delay. 
The positive-going p'ulse from the NOR gate triggers the single-shat delay, which produces 
a positive""going pulse. The width of the single-shot delay pulse is adjustable and is set to 
compensate for the gap-to-gap misalignment (static skewrof the write heads. 

The negative-going trailing edge of the Single-shot delay pulse triggers the Write 
Register flip-flop and the flip-flop changes state. When the flip-flop changes state,the 
direction of current flow through the write head is reversed, which causes the polarity of 
the head magnetic ,flux to reverse. The flux polarity change is impressed on the tape and 
is interpreted as a logical ONE during the read function. . 

4-17. WRITE RESET. 

The' Write Reset signal is used to reset the Write Register flip-flops and to generate 
the LPC character. The Write Registerfiip-flopsare in t1i.e reset $ tate at the start of each 
block of w'rit:edata. If im odd nurriber of data bits are written on anyone track, that Write 
Register flip -flop is in the set state after the lastdata bit of the block is written. A low 
level status signal from the set flip,..flop enable s the Write Amplifier reset AND gate. The 
Write Reset puiseproduces anegative::"going pulse at the output oithe resetAND gate. The 
negative-going pulse is applied through the NOR gate to the input of the Write Deskew single;.. 
shot delay and causes a ONE to be written as previously described for the Write Data input. 

'The Write Register flip..:f1op is then iuthe reset state. 

The reset of the flip-flops generates the Lee which provides an even number of 
data bits in each track of a data block. 

4-18. WRITE REGISTER DC RESET. 

The Write Perinit signal input is inverted and NANDed with the inverted Run/Stop 
signal input (or with the inverted Fwd/Stop signal input in FwdjStop-Rev/Stop logic systems). 



The NAND gate is located on the Strobe Generator PCB. When either the Write Permit signal 
or the Run/Stop (or Fwd/Stop) signal is at the.FALSE (high) level, the output of the NAND 
gate is at the low level. The low level output from the NA~D gate DC resets the Write 
Register flip-flops and holds the flip-flops in the reset state. 

4-19. TEST DESKEW. 

A negative-going Test Deskew pulse train applied at Test Point. TP1 of the Data Elec
tronics is applied through the Write Amplifier NOR gates to the inputs of the Write Deskew 
single-shot delays. The pulses cause all ONEs to be written as previously described for the 
Write Data input. The Test Deskew input is used during off-line Write Deskew adjustment 
procedures. The Write Reset and the Write Strobe inputs must be FALSE when the Test 
Deskew input is used. 

4-20. WRITE HEAD POWER. 

Write Head Power is fl;trnished by the Write Power Gate. When the Write Permit 
input is at the TRUE level and a write enable ring is in place in the file reel, +10 volt power 
is supplied to the write heads from the Write Power Gate PCB through pins 28, 29, and 30. 
The write power relay on the Write Power Gate PCB is energized when the write enable ring 
is sensed by the write enable switchassembly on the tape transport. 

4-21. READ LOGICAL SEQUENCE. 

4 -22. READ PERMIT. 

Read Permit TRUE enables the read strobe generator circuits. Read Permit FALSE, 
DC resets the read register flip-flops and holds the flip-flops in the reset state. 

4-23. READ DATA •. (See Figure 4~3.) 

Flux transitions (written ONEs) on the tape are sensed by the read heads as bipolar 
analog Read Data signals. The Read Data signals from each read head are amplified ina 
three-stage differential voltage amplifier on the associated Read Amplifier PCB assembly 
and then applied to a differential VOltage amplifier on the associated Read Deskew PCB 
assembly. 

The differential output from the amplifier on the Read Deskew PCB assembly is 
clipped in a clipping stage at the input of b"1e peak detector circuit. The clipping leVel is 
established by the clipping bias generated on the Strobe Generator PCB a.ssembly and is se
leeted by the Write Permit signal. The clipping bias level is higher when Write Permit is 
TRUE. 
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-r-A A\ .. ', .... ____ TRACK 1 READ T· . AMPLIFIER OUTPUT 8V I ________ ..... __ ---.-;.----

L~ I~ __ READHEAD V : 
. ~l ,--- STATIC SKEW* I 

at :A .... -·--------_r. : A ___ ~iL~F~E:ES~TPUT 
L : I rv I: 

I I I 

-::~ 0 ...... :1--__________ ... 0'-....,1 __ --

I I I 

TRACK 1 PEAK 
DETECTOR OUTPUT 

OV n n n· TRACK 2 PEAK 
DETECTOR OUTPUT 

-6V ---t-...... I.. -----------...... "'-----________ ..... '----

I 

_::~L......,..--'f f ~r 
I 

OV ---...... r------------. 11"---------_1 C-
-6V U---.rRAIUNG EDGE U L.....J 

SETS READ REGISTER fF 

TRACK 1 READ 
DESKEW SS OUTPUT 

TRACK 2 READ 
DESKEW 55 OUTPUT 

OV -------.U 
-6V u u-- OR CLOCK OUTPUT 

. .. FROM READ DESKEW 55 

I 
I 

ov ------""1 i// ____ DYNAMIC 

-6V ~ SKEW BAND 

1 

\IL' I , 
J 

\iff OR .. CLOCI( INPUTS TO 
I .I'. STROBE GENERATOR 

_:: ~~----t~ f ~ __ . _---.If .~ DELAY SS OUTPUT 
L READ STROBE 

I 
I 

+12V --Il.......... n 
-6V -_-----r"-----~-..... L ~=--_ 0.9 to 1.5 USEC ........ ______ _ 

I 

OV .;;.....---'-----...------.' 
'-6V ~C'. -. _ .. -.. -'-. -T-R-A-IL-IN ...... G-ED-C;-e----'Lf 

! RESETS READ REGISTER FF 

Jr------:-.,: I I 
-6V-------' I 

OV 

, 
OV ------------i'~---------~U~------------------,U 

-12V I , 
,--DELAY ..-J 
'~-1/2 fRAME TIME ~ I 

*The read amplifier data outputs are caused by flux reversals on the tape 
which are sensed by the read heads. Flux reversals on the tracks are 
written COincidentally; the time displacement shown (read head static 
skew) is caused by gap-to-gap misalignment of the read heads. 
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Figure 4-3 
Read Deskew Timing 
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NAND GATE DRIVER 



The clipped analog Read Data signal is applied to the peak detector circuit which 
produces a positive-going pulse at the positive or negative peaks of the signal. The leading 
edge of the peak detector output pulse is coincident with the detected peak. The positive-

. going pulse triggers the Read Deskew single-shot delay, which produces a negative-going 
pulse. The width of the single-shot delay pulse is adjustable and is preset to compensate 
for the gap-to-gap misalignment (static skew) of the read head. Two pulse widths are set 
for bidirecti.onal read systems; the forward deskew pulse width is selected when the Forward/ 
Reverse (or Forward/Stop) input is TRUE, the reverse deskew pulse width is selected when 
the Forward/Reverse (or F.orward/Stop) input is FALSE. 

The positive-going trailing edge of the single-shot delay pulse sets the Read Register 
flip-flop and the Read Data output at pin 32 of the Read Deskew PCB goes to the TRUE (high) 
level. The Read Data output is applied toone inpUt of a NAND gate driver circuit and enables . .. 

the NAND gate. A Read Strobe (+) pulse coincidental with the TRUE Read Data signal pro-
duces a negative-going pulse at the outputof the NAND gate driver. The negative-going 
pulse is a TRUE Read Data output representing a ONE sensed from the tape. 

The Read Register flip-flop is reset by the positive-going trailing edge of the Read 
Strobe (-) pulse. 

4-24. READ STROBE. 

.. The Read Strobe (+) and Read Strobe (-) pulses are generated on the Strobe Generator 
PCB assembly. The positive-going trailing edge of each Read DeskeW Single-shot delay pulse 
is coupled through an associated inverter driver stage to produce a negative-going ORClock 
pulse. The OR Clock pulses are applied to one common input of an AND gate on the Strobe 
Generator PCB. The other input to the AND gate is the Read Permit Signal. When Read . 
Permit is at the TRUE (low) level, the OR Clock pulses are passed through the AND gate. 
The -first OR Clock pulse through the AND gate triggers the Read Strobe single-shot delay , 
which produces a negative-going pulse. The width of the single.,.shot delay pulse is adjust
able and is preset to approximately one-half the character frame time, less the read strobe 
pulse time. Two Single-shot delay pulse widths are preset: one for the high density packing 
rate, the other for the low density packing rate . Selection of the pulse width is accomplished . 
by switching circuits on the Write Power Gate PCB. When the HI/LO Density line is at the 
low level, the High Density pulse width is selected. When the HI/LODensity line is at the 
high level, the Low Density pulse width is selected. 

The positive-going trailing edge of the Read Strobe Single-shot delay pulse is 
coupled to a pulse generator circuit which then generates the poSitive-going Read Strobe (+) 
pulse. The pulse width of the Read Strobe (+) pulse is approximately 1 microsecond. The 
·Read Strobe (+) pulse is inverted through an inverter stage to produce the Read Strobe (-) 
pulse. 
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4-25. ERROR CHECK OPTIONS. 

Error check options consist of Vertical Parity Check, Rate Check, and Echo Check. 
(Seethe Data Electronics Logic Diagram in Section VII.) 

4-26. VERTICAL PARITYCHECK. 

Vertical Parity is checked during both Read Only and Write Check Modes of operation 
by a continuous frame-by-frame check of the contents of the read register. A parity-select 
level from the customer selects either odd or even parity check. Odd parity requires an odd 
number of logical ONEs be recorded in every character frame. Even parity requires an even 
number of logical ONEs in every character frame. A Vertical Parity Error exists when an 
extra (or missing) logical ONE is detected. 

Numerical values in parenthesis in the following circuit description refer to 9 -track 
systems. The Odd/Even Parity Select line and the complementary outputs of the Read Register 
flip -flops are applied to the inputs of the parity che'cking circuit on the Exclusive' OR PCB 
assembly. Eight Exclusive OR gates are used for 7-track systems, nine for 9-track systems. 
Each gate compares two inputs and produces a high level output when the logic levels of the 
inputs are dissimilar. Seven (or nine) Read Data (-) lines from the Read Register flip-flops 
and the Odd/Even Parity Select line are applied t() four (or five) of the Exclusive OR gates. 
The outputs of the four gates are applied in pairs to the following two Exclusive OR gates, the 
outputs of which are compared by a single gate. The output of the single gate is compared 
in a final Exclusive OR gate with a fixed low level input (in 9-track systems, the output of the 
fifth input Exclusive OR gate is compared with the output of the single gate in the final Exclu
sive OR gate). The output of the final gate is ANDed with the Read Strobe (+) pulse in a NAND. 
gate driver. If a vertical parity error is sensed, a negative -going Vertical Parity Error pulse 
is produced at the output of the NAND gate driver and is transmitted to the customer via the 
system output connector. 

4-27. RATE CHECK. 

Rate Check is performed only during the Write/Check mode. A Rate error pulse is 
generated when the interval between successive Read Strobe (-) pulses decreases to 

1 
0.67 (tape speed in ips) (high bit packing density) 

The Rate Check circuit is located on the Error Check PCB and operates in the 
following manner. (See Figures 4-4 and 4-5.) The Read Strobe (-) pulse triggers single-
shot delay A which produces a negative -gOing pulse . 111e positive -~oing trailing edge of the 
single-shot delay A pulse triggers single-shot delay B, which produc'e,s'~' negative-going pulse. 
The next arriving Read Strobe (-) pulse retriggers single-shot'delay A and also is ANDed 
with the outputof single-shot delay B. If the Read Strobe (-) pulse and the output pulse from 
single-shot delay B are coincident, a rate error pulse is generated. 
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Figure 4-5 
Rate Error Timing 
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4-28. ECHO CHECK. 

An Echo output is generated by each·Write·amplifier whenever the amplifier changes 
state and reverses the Write head coil current. The Echo output is a positive-going pulse 
derived from the induced EMF generated by the Write head inductance when the write head 
coil current reverses. . 

In ORed Clock systems, the data that is written must cause at least one head driver 
to change state in each frame. The Echo output of each Write amplifier is ORed with the· 
Echo outputs of all other Write amplifiers to generate an ORed Echo output. The ORed Echo 
output occurs if any Writearriplifier changes state during the frame interval. If no ORed 
Echo occurs during the frame, a malfunction in the Write circuitsis indicated and an Echo 
error pulse is generated by the EchO Check circuits. 

The Echo error pulse is generated in the follOWing manner. (See Figures 4-6 
and 4-7.) The Write Strobe triggers the Single-shot delay and the leading edge of the single-

. shot &~lay pulse sets the flip-flop. The Write Strobe holds the AND gate FALSE .for the 
strobe duration to prevent any output from the AND gate during the period that the single-'shot. 
delay and flip.,.flop are going TRUE. The AND gate is also held FALSE by the single-shot 
delay pulse for the durat1onof its delay.· The Echo input must occur som.etime after the Write 
Strobe and within the duration of the Single-shot output. The Echo input resets the flip-flop. 
If no Echo input occurs, .the flip-flop remains set at the end of the single.,.shot delay pulse 
and the output of the AND gate goes TRUE, indicating an Echo Error. . 

4-29. WRITE/CHECK ERROR. 

The Vertical Parity Check output, Rate Check output, and Echo Check output are 
QRed together. The occurEmce of any error triggers a pulse generator circuit,which pro
duces. a negative-going 1 microsecond error pulse. The error pulse is ANDedwithWrite 

. Permit. If the Write Permit is TRUE, anegative-g-oingWrite Check .Error pulse is pro'"' 
duced at the output of the AND gate driver and is transmitted to the customer via the system· 
output connector. 
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Figure 4-7 
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5-1. INTRODUCTION. 

SECTION V 
MAINTENANCE 

This section contains adjustment procedures and troubleshooting techniques for the 
Data Electronics. Tape Transport maintenance is included in the Tape Transport manual. 

5-2. TEST EQUIPMENT. 

Table 5-1 lists the required test equipment. 

TABLE 5-1 
REQUIRED TEST EQUIPMENT 

RECOMMENDED TYPE 
EQUIPMENT OR EQUIVALENT 

Digital Voltmeter (DVM) Digitek 202-B 

Master Tape . IBM 

Oscilloscope Tektronix 535 

Preamplifier Tektronix CA 

Square Wave Generator Hewlett-Packard HP-211 

5-3. ADJUSTMENT PROCEDURE. 

5-4. GENERAL. 

Note that adjustments are made by Ampex prior to the shipment of equipment. 
Verify adjustments when components are either interchanged or replaced. If adjustments 
are to be made off line, use Alternate Adjustment Procedure. (Refer to paragraph 5-14.) 

An insulated-blade screwdriver is recommended 
for making adjustments to prevent accidental 
shorting of electrical components. 
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5-5. SEQUENCE OF ADJUSTMENTS. 

Tape transport and power supply adjustments must be verified before Data 
Electronics adjustments are made. Data Electronics adjustments shall be made in the 
following sequence. 

1. Clipping Level 

2. Preliminary Read Amplifier 

3. Read Deskew 

4. Write Check 

5. Read Amplifier 

6. Write Deskew 

7. Read Strobe 

S. Rate Error 

5-6. Clipping Level. The bias setting adjustment on the Strobe Generator card deter-
mines the clipping level. In the Read Only Mode, the clipping level is at 20 percent. In 
the Write. Check Mode, the clipping level adjustment is at 40 percent. These percentages 
refer to the base-to-peak amplitude of the signal into the peak detector. 

Step 1: 

Step 2: 

Step 3: 

Connect voltmeter negative lead to pin BS-32, positive lead to 
TSl-3 (-6 volts). 

With power ON, select Remote Mode at the Operator Control Panel 
(OCP). When the REMOTE switch indicator illuminates, the system 
is ready for operation. Set Write Permit input to the TRUE level. 
Adjust potentiometer R9 on the Strobe Generator card (B8) to obtain 
a reading of 1.4 volts on the voltmeter. (See Figure 5 -1.) 

Set Write Permit input to the FALSE level. Adjust potentiometer 
RIO on B8 for 0.6 volt on the voltmeter. 



5 -7 . Preliminary Read Amplifier. The Preliminary Read Amplifier adjustment is made 
~sing an IBM master tape. A preliminary check of the read amplifier is necessary to ensure 
sufficient signal is available to properly operate the read deskew amplifier during read de
skew adjustments. 

Step 1: 

Step 2: 

Step 3: 

Step 4: 

rEEl .. 
Write power must be disabled to prevent 
accidental erasure of the master tape. 

Load the master tape without the write enable ring in place. Verify 
that the FILE PROTECT indicator is illuminated. 

Connect the oscilloscope vertical input to pin 12 of the track 1 read 
deskew amplifier (A 2) • Position the horizontal sweep to 50 \lsec/cm. 

Run the tape forward. The peak-to-peak voltage indicated on the 
oscilloscope must be 6 to 8 volts. Adjust potentiometer Rll on the 
read amplifier board if necessary. (Refer to Table 5-3.) 

Repeat the procedure outlined in Steps 2 and 3 for each of the remaining 
tracks. 

5-8. Read Deskew. The Read DeskeW adjustment is made by using the center track as. 
a reference and comparingthe track undertest with it. The skew correction is accom
plished by varying the delay time of a single -shot; the potentiometer of the single-shot is 
on the Read DeskeW board. (See Figure 5-2 and Table 5-2.) 

Step 1: 

Step 2: 

Position the potentiometer (R25) on the center track Read Deskew board 
to its center. (Turn the adjusting screw clockwise until the end of its 
adjl.lstment is reached, back off the adjusting screw twelve and one-half 
revolutions. ) 

Connect the oscilloscope inputs A and external sync (:-) to pin 34 of the 
tenter track (track 4 or track 5). Connect input Bto pin 34 of track 1 
(A2). Set the oscilloscope controls; Vertical inputs DC, Vertical 
deflection 2 volts/cm, MODE alternate. Adjust the sweep until a 

. single pulse is displayed over 4 to 6 cm. 

Load an IBM master tape on the transport and run the tape forward. 
Adjust potentiometer R25 on Read Deskew A2 until the traiiing edge 
of waveform B most nearly coincides with the trailing edge of wave
form A. 

5-3 



.: . ., 

HIGH DENSITY DELAY RI3 

LOW DENSITY DELAY 

HIGH LEVEl CLIP 

LOW LEVEL CLIP 

RIO 

Figure 5-'1 

so 

Clip Level and Strobe Delay Potentiometers 

TABLE 5-2 
READ DESKEW PCB 

-
TRACK LOCATION 

'.'; .. '., . 
1 A2 

2 A3 

3 A4 

4 AS 

S A6 

6 A7 

7 A8 

8 A9* 

9 AlO* 

*9 track system only 

5-4 

FORWARD DESKE~' R2S <D 
r:-

REVERSE DESKEW 143 l~ 
(BIDIRECTIONAL ONLY) 

RD 

Figure 5-2 
Read Deskew Potentiometers 



Step 4: 

Step 5: 

Repeat Steps_ 2 and 3 for each of the remaining tracks. 

Remove the master tape. 

I NOI.I 
When the bidirectional read deskew operation is 
taken, repeat Steps 1 through 4. To adjust 
reverse deskew, read the tape in reverse and 
adjust potentiometer R43 only. 

5-9. Write Check. The Write Check procedures are performed with the system per-
forming the write and read function. The write permit and read permit levels must be. set 
TRUE and the transport placed in the Remote Mode of operation .. Select high density on the 
OCP. Verify that the write operation is being performed by checking the write amplifiers. 

5-10. 

Step 1: 

Step 2: 

Step 3: 

Install the write enable ring. Load a scratch -pad tape· on the 
transport. Set the Write Permit and Read Permit inputs TRUE. 
Write all ONEs at the high density rate. 

Connect the oscilloscope input to pin 3.4 of track 1 of the write 
amplifier (A-14). A voltage spike of approximately 10 volts 
should occur for every other current transition through the write 
head. Repeat for pin 30. 

Repeat the procedure of Step 2 for the remainj.ng tracks. 

Read Amplifier • 

Step 1: 

. Step 2: 

Step 3: 

Continue to write all ONEs. Connect the oscilloscope input to pin 12 
of the read amplifier deskews. (Refer toTable 5-3.) . 

Adjust the associated read amplifier gain potentiometer for 8 volts· 
peak-to-peak as indicated on the oscilloscope. (See Figure 5-3.) 

Repeat the above procedure for the remaining channels. 
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5-6 

TABLE 5-3 
READ AMPLIFIER ADJUSTMENTS 

*OSCILLQSCOPE POTENTIOMETER 
TRACK CONNECTION LOCATION 

1 A2-12 B2 Upper 

2 A3-12 B3 Lower 

3 A4-12 B3 Upper 

4 A5.,.12 B4 Lower 

5 A6-12 B4 Upper 

6 A7-12 . B5 Lower 

7 A8-12 B5 Upper 

8 A9-12 B6 Lower 

9 AIO-12 B6 Upper 

*Read Amplifier adjustments are observed on Read Deskew PCBs . 

---.---r . . 
___ ~'~-r-- .... __ r--... -

. * 82 83 84 85 86 

*Read Track and PCB Designations for Reference Only 

Figure 5-3 
Read Amplifier Adjustments 



5-11. Write Deskew. Write Deskew adjustment is made by comparing the center track 
output of the Read Deskew with each of the remaining tracks. The Read Deskew adjustment 
described in paragraph 5 -8 shall have been performed before this adjustment is attempted. 

Step 1: 

Step 2: 

Step 3: 

Step 4: 

Connect oscilloscope inputs A and external sync (-) to pin 34 of the 
center track read deskew ~ Connect input B to pin 34 of the track 1 
deskew. Set the Horizontal sweep so that asingle pulse is displayed 
over 4 to 6 cm. Set the Vertical MODE to alternate sweeps, Vertical 
sensitivity to 2 volts/cm. 

Adjust potentiometer Rl on the center track Write Deskew board 
(FigureS-4) to its center position. (Tum the adjusting screw clock
wise to the end of its travel, back off twelve and one -half revolutions.) 

Adjust potentiometer Rl. on track 1 Write Deskew until the trailing 
edge of waveform B most nearly coincides with the trailing edge of 
waveform A. . 

Repeat the above procedure for each of the remaining tracks. (Refer 
to Table 5-4.) 

TABLE 5-4 
WRITE DESKEW PCB 

TRACK LOCATION 

1 A2 

2 A3 

11 
3 A4. 

4 AS 

5 A6 

6 A7 

7 AS 

n A9* 0 

9 AlO· 
:'. 

Figure 5--4 
- *9 track system only Write Deskew Potentiometer 
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5-12~' Read Strobe. The St:robeGener.ator is adjusted for the proper delay time While 
writing all ONEs at the required data transfer rate .. Table 5 -5 lists bit densities and the 
associated adjustment. See Figure 5~1 for potentiometer location on the PCB. 

Step 1: 

. Step 2: 

Step 3: 

DENSITY 

200cpi 

556 cpi 

800 cpi 

Connect the oscilloscope inputs A and external sync (..;.) to pin 10. input B 
to pin 24 of the Strobe Generator (B8). Select high density atOCP~ 

Run the tape forward while writing all ONEs. Adjus~ potentiorn~ter R13 
(U8) for proper delay time. (Refer to Table 5-5 .andFigure5:-1,,) . 

. Select low density inputat OCP. AdjUst potentiometer lt14fordesignat~d~ 
delay time. (R~f~r to TableS ~5 aIld Figure 5-1.) 

TABLE 5-5 
READ STROBE ADJUSTMENT 

.. 

36 IPS 75 IPS 1l2.5 IPS 120 IPS 150 IPS 
.. 

69jJsec 33 Ilsec 22 Ilsec 20 Ilsec 16 .. 7 Ilsec 

25 Ilsec 12 Ilsec 8 Ilsec 7 Ilsec 6 Ilsec 

17 flsec 8 ilsec 5.5 flsec 5.2 flsec 4 flsec 

5-13.. Rate Error. The Error ,Check PCB is located at B.12. The potentiometer controlling 
the delay time is located on the PCB ~ 

Step 1: 

Step 2: 

DENSITY 

800 cpi 

556cpi 

5-8 

Gonnect input Aalld the external sync inputs of the oscilloscope to 
pm 23 of B12. Connect input B to<pin 27. 

Select high density input at the OCP. Write all ONEs. Adjust potenti
ometer R12 until the trailing edge of the pulse on channel B is delayed 
from the leading edge of the chanIlel A display by the amotmt deter
mined from Table 5 -6. 

TABLE 5-6 
. RATE ERROR DELAY 

36 IPS 75 IPS 112.5 IPS 120 IPS 150 IPS 
.. 

34 flsec 16 flsec lll-isec 10 Ilsec 8 flsec· 

23 flsec 11 flsec 7.4llsec 6.9 Ilsec 5.5j,lsec 



5-14. ALTERNATE ADJUSTMENT PROCEDURE. 

The alternate adjustment procedure may be used to make off-line adjustments. The 
tape transport must be in the LOCAL mode when making off-line adjustments. 

5-15. GENERAL. 

The output of a square-wave generator may be applied to test points TP1 and TP2 
(TP2 is ground) to write a series of ONEs on all tracks. Verify transport and power supply 
adjustments. Sequence of off-line adjustments are the same as listed in paragraph 5-'5. 

To prevent accidental damage to external 
equipment. disconnect the input at connector 
}5 of the Data Electronics. 

5-16. Clipping Level. The Clipping Level is adjusted in the manner described in para-
graph 5-6. The Input Buffer PCB at B16 is extracted from B16 to simulate a Write Permit 
TRUE signal. 

5-17. Read Deskew. The Read Deskew adjustments are as described in paragraph 5-8. 
For a Read Forward only system, ensure that -12 volts (TRUE) is at pin 21 of the Read 
Deskew PCB. For bidirectional Read Deskew, connect -12 volts to pin 26 of}5 on the Data 
Electronics before performing Forward Deskew adjustment. For Reverse Deskew adjust
ment, remove the -12 volts from pin 26 of}5 and connect 0 volts to pin 26. 

Ensure that the square -wave generator is 
terminated with the correct load resistance. 

5-18. Write Check. The Read-after-Write Check and Read Amplifier and Write Deskew 
adjustments are made in the manner described in paragraphs 5-9, 5-10, and 5-11 with 
the following exceptions, 

Connect a square-wave generator to TPI and TP2 on the Data Elecll.-onil:t::> assembly. 
Simulate Write Permit and Run/Stop TRUE by removing the Input Buffer PCB from B16. Set 
the frequency of the square-wave generator according to Table 5-6. Adjust the output ampli
tude for 0 to -12 volts. For a bidirectional read system, connect -12 volts to pin 26 of}5 on 
the Data Electronics. 
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5-19. Read Strobe, Rate Error. The Read Strobe.and Rate Ertor·adjustm.en~s are made 
in the manner described in paragraphs 5-12 and 5-:,13 with the following exceptions. The 
square~wave generator is conn¢cted as described in paragraph 5-18 •. The generator fre
quencies. required to simulate the bit· density are listed in Table 5 -7 . 

DENSITY 

I· 200 cpi 
o. 

556 cpi 

800 cpi 

TABLE 5-7 
TESTDESKEW.·INPUT REQUIREMENT 

(SYSTEM DATA TRANSFERRATE) 

36 IPS 75 IPS 112.5 IPS 120 IPS 

7.2 kc 15 kc 22.5 kc 24 kc 

20kc 41. 7 kc 62.5 kc 66kc 

27.8 kc 60 kc 90 kc 96 kc 

5-20.' TROUBLESHOOTING PROCEDURE. 

ISO IPS 

30 kc 

83.4 kc 

120kc 

The Data Electronics circuits are on plug-:-in type printed circuits boards (PCBs). 
The troubleshooting charts, Tables'5-:-9 and 5-10, facilitate the isolation of the malfunction
ing PCB. The lOCation and function Of each PCB is- shown in Figure 2-1. 

The Theory of Operation in Section IV. the Printed Circuit Descriptions in Section VI, 
and the logic diagram in·. Section. VII provide the information' required for more extensive 
troubleshooting. . 

Check the equipment for evidence of damage, that no wires are disconnected and 
that thepeBs ar.e firmly seated in their proper location. 

5-21. PRELIMINARY TESTS. 

Establish that the input signals controlling the Data Electronics are as required. 
Table 5-8 lists the input function, the sighal requirement and the test point. These tests 
are made at the output of the buffer amplifiers. Should the input signals not be as required. 
the possibility of a malfunctioning Input Buffer card exists. A check may be made by ex
changing the card in B 16 with B 15 .' Use an oscilloscope to make all tests. Refer to the 
logic diagram in Section VII while~pe'rforming all tests. 



A write operation cannot be performed unless at least one Write Data input line is 
TRUE. The input data may be coincident with the Write Strobe pulse or may be held in the 
TRUE condition by a continuous -9 to -25 volt level. Removing Input Buffer board B15 will 
have the effect of conditioning tracks 1 through 8 to write all ONEs. 

To determine that the write operation is being performed, connect the oscilloscope 
input lead to pin 24 of any Write Amplifier board, Al4 through A22. A 10-volt spike should 
be present. The repetition rate is a function of the Write Strobe .. 

The read function is controlled by the read permit level and the strobe generator. 
Should no data output be present, determine if data is being read by any of the read tracks 
by checking the OR clock line at the Strobe Generator (B8-10). A negative-going pulse 
should be observed. The repetition rate will be determined by the data transfer frequency. 
Should the test confirm that data is being read by the read heads, but no data is being pre
sented to the outputs, investigate the condition of read permit line at pin 9 of the write 
power gate (A24). The level of read permit at this point must be 0 volts. Should the level 
not be 0 volts, replace the write power gate. The read strobe and the AC register reset 
pulses must be present at pins 24 and 22, the read strobe pulse is positive-going, the reset 
pulse is the inverse of the strobe pul se. Should the signals not be as indicated in the pre
ceding test, replace strobe generator B8. 

5-22. 

TABLE 5-8 
INPUT SIGNALS 

INPUT FUNCTION TEST POINT 

Write Reset B16-14 

W rite Permit B16-20 

W rite Strobe B16-22 

Read Permit B16-26 

Run/Stop (or Fwd/Stop) B16-28 

TROUBLESHOOTING TABLES. 

SIGNAL 

OV 

-12V 

-12V pulses 

-12V 

-12V 

Troubleshooting Tables 5 -9 and 5 -10 may be used as a guide to further investigate 
any malfunction existing in the Data Eiectronics. 
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··TABLE 5-9· 
WRITE SECTION TROUBLESHOOTING PROCEDURE . 

.MALFUNCTION . 

1. No head driver out
put on any: track as 
measured at pins 30 
and 34 of PCBs A14 
through A22 

2. . No head driver out
put on a particular 
track as measured 
at pins 30 and 34 of 
PCBs A14through 
A22 

.... FAILURE INDICATION 

A. Input Buffer outputat B16~2Q 
is at 0 volts 

-E. Output of Write Power Gate 
at pins A24-28, 29, and 30 
is at 0 volts 

C. Write Register Reset output 
atB8-30 is +12 volts when 
Write Perinit at B8-'28 and. 
RUIlat B8-20are at -6 to 
-12 volts 

D. Either a constant 0 volts 
or a constant -12 volts 
Write Strobe signal at 

, ])l,6'~;2'2:" . . ;" .," 

A. Write Data. bUtput from the 
input buffer of the mal
funCtioning track remains. 
at'Ovoltswhen ONEs are 
being written on that tra.ck .' 

B .. Input to the Write Ampli
fier is negative and the 
Write Strobe is present, 
but no output at pins 30 

. and 34 of the Write 
Amplifier 

REMEDY 

Replace PCB B16 

Verify that W riteEIlable 
Ring is in place.' If ring 
is in place and the mal-

"function still exists, re,.. 
place PCB A24 

Replace PCB B8 

Replace PCB B16 

Replace the PCB· corre
sponding to the mal
functioning track 

Replace Write.Amplifie~· 
PCB associated with the 
malfunctioning track 
(A 14 through A22) 



TABLE 5-10 
READ. SECTION TROUBLESHOOTING PROCEDURE 

MALFUNCTION FAILURE INDICATION REMEDY 

1- No output on any A. Read Permit output at 816 is Replace PCB 816 
track as measured 0±0.5 volts 
at the output of the 
output drivers 8. Read Register DC Reset at Replace PC8 A24 

A24-9 is at -6 volts 

C. OR Data input at 88-10 re- One of the Read Deskew 
mains at a constant -.6 volts 80ards A2 through AlO 

is malfunctioning ... Re ~ 
place malfunctioning PC8. 

;D. Read Permit is negative at Replace PCB B8 
B8-12 and an OR Data Signal 
is present at 88 -10 but no 
Read Strobe pulse at 88-24 
or.no Read Register Reset 
output a,t 88 -22 

E. Read Amplifier output of 6 Decrease clipping level 
to 8 volts peak -to-peak at (refer to paragraph 5-'6). 
pins 12 and 14 of A2 If clipping level will not 
through AIO but no OR Data decrease, replace PCB. 
output at pin 35 of A2 B8 
through AlO. Clipping 
Level input at pins 240f 
A2 through AlO at -10 volts 
or greater 

F. No Read Register Reset Replace PCB A24. 
output at 88 ..,22 or n9 Read 
Strobe at 88-24 when OR 
data is present at 88-10. 

I Both High and Low Density 
Select at 88-34 and 89-35 
are at a: voltage other than 
-12 volts 
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2. 

5-14 

TABLE 5-10· 
READ SECTION TROUBLESHOOTING PROCEDURE 

(Continued) 

MALFUNCTION FAILURE INDICATION ,REMEDY 

No output from a A. No Read Amplifier output Adjust Read Amplifier of 
particular track at a~ pins 12 and 14 of the malfunctioning track. 
the output()f the Read Deskew bo~rds of (Refer to paragraph 5 -T. ) 
Output Driver the malfunctioning track If malfunction is not cor-

,rected, replace Read 
Amplifier board and 
adjust. If malfunction 
still exists, replace 
Read Deskew board of 
malfunctioning track 

B. No. output at pin 32 of the Replace Read Deskew 
Read·Deskewboard .of the PCB of the malfunctioning 
malfunctioning track. but track 
6 to< 8 volts peak -to-peak 
measured at pins 12 and 
14 of that J,'CB 

C. No output signalfrom the Replace PCB B13 or B14 
output driver of the mal-
functioning track even 
though both inputs to. the 
output driver are TRUE 

'<' 



SECTION VI 
,CIRCUIT DE.SCRIPTIDNS 

6-1. INTRODUCTION. 

This section contains circuit descriptions of the printed circuit board assemblies. 
The descriptions are in alphabetical order as shown on Table 6-1. Schematics and assembly 
drawings are ldcated in Section VII. 

TABLE 6-1 
LIST OF CIRCUIT DESCRIPTIONS 

CIRCUIT DESCRIPTION SCHEMATIC 

Error Check 3109873 

Exclusive OR 3104452 

Input Buffer 3107038 

Output Driver 3107043 

Read Amplifier 3107118 

Read Deskew 3107253 

Read Deskew, Bidirectional .3109930 

Select Logic 3111158 

Strobe Generator 3107058 

W rite Amplifier 3112345 

Write Power Gate 3107128 
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CIRCUIT BOARD DESCRIPTION 

1. GENERAL DESCRIPTION. 

ERROR CHECK 
SCHEMATIC 3109873 

This card contains the circuits required to perform the Write Check function. 

2. THEORY OF OPERATION. 

The Write Check function checks the read -after -write data for Parity, Rate and Echo 
errors. The outputs of the Parity, Rate and Echo check circuits are ORed together such 
that a Write Check error is generated at the card output if either a Parity, Rate or Echo 
error is generated. 

Parity. The Parity input is ANDed with the Read Register Reset by the AND gate made 
up of R17 and CRI0. The Read Register Reset pulse occurs simultaneously with the Read 
Clock.· The output of the AND gate drives diode CR13, which is an input to the OR gate 
driving Q6. 

Rate Check. The Rate Check circuit checks the period between successive Read 
Register Reset pulses and generates an output from the AND gate made up of CR11, CR12, 
and RIB whenever the period between Reset pulses decreases beyond an adjustable threshold. 
The Rate circuit operates as follows. 

A negative Register Reset pulse turns Q1 ON, forcing the single-shot SS-l (Q2 and Q3) 
to trigger. At the end of single-shot SS-l's delay, the single-shot SS-2 (Q4 and Q5) is set. 
The output of SS-2 is ANDed with the next arriving Register Reset pulse. The sum of the 
delays of SS-1 and SS-2 is adjusted by potentiometer R12 to give a total delay of 0.67 
(l/upper Data Transfer frequency). Under normal conditions the next arriving Register 
Reset pulse will not coincide with the output of SS-2 and the AND gate will give no output. 
If the tape speed was slow at the time of writing such that the distance between frames was 
decreased to 0.67 (normal frame time) or less, then coincidence will occur at theAND gate 
and a Rate Error will be indicated .. 

Echo Check. The Echo Check circuit verifies that at least one Head Driver changes 
state after each Write Stl"obe. The Echo Check circuit operates as follows. 

The flip-flop made up of transistors Q16 and Q17 is held reset at all times that the 
Write Amplifiers are reset.. This is done by the Write Register DC Reset input at pin 19. 
When writing, the Write Register DC Reset is FALSE and the flip-flop is no longer forced 
reset. The Write Strobe input at pin 11 causes the Single-shot (SS-3), made up of QI0 and 
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CIRCUIT BOARD DESCRIPTION 

2. THEORY OF OPERATION. (Continued) 

ERROR CHECK 
SCHEMATIC 3109873 

QIl to trigger. The output of SS-?is inverted by the inverter made up by Q12. The flip
flop is set by the Single-shot at the moment thatthe single-shot triggers. The input to the 
AND gate at CR26 is held FALSE for the duration of the delay of SS-3. 

The Echo outputs from theWrite Amplifiers arrive at pin 15 before the delay ofSS-3 
ends, and the first arriving Echo resets the flip-flop. If there is no Echo input after a Write 
St:robe. the flip-flop remains set and at the end of the delayofSS-3, the flip-flop output 
coincides witli the output of the inverter, made up of Q12, and an Echo Error output is 
generated by the AND gate . 

. OR Gate. The outputs from the Parity. Rate and Echo AND gates drive the.OR gate 
made up of CRI3, CRI4, and CR29. This gate driveS the circuit made up of Q6 and Q7 which 
limits the durationof the Write Check Error output pulse. Resistor R24and diode CR16 make 
up an AND gate ANDing the Write Permit with the Write Check Error output. Q8 makes up 
the inverter that repowers the Write Check output. . 

3. OPERATIONAL CHARACTERISTICS.·· 

FUNCTION UP LEVEL DOWN·LEVEL 

W rite Permit o ±O~ 5 volt -12 volts 

Parity a ±O.5 volt -12 volts 

Read Register Reset o to. 5 volt -6 volts most positive 

W rite Strobe o ±O.5 volt '-6 volts 

Write Register DC Reset +12 volts Open circuit 

Echo +5 volt transition 

W rite Check Error o ±O.5 volt -12 volts 

4. POWER REQUIREMENTS. 

VOLTAGE CURRENT 

+12 VDC ±3% 20ma 

-12 VD'C ±3% 78ma 

-.6VDC ±4% 16ma 

6-4 



CIRCUIT. BOARD DESCRIPTION 

1. GENERAL DESCRIPTION. 

EXCLUSIVE OR 
SCHEMATIC 3104452 

This card contains four independent logic elements. Two of the elements require 
external termination. Each element performs an Exclusive OR function. Electrically, the 
output assumes UP level only when the polarities of the two inputs are dissimilar. 

2. TRUTHTABLE. 

INPUT 1 INPUT 2 OUTPUT·· 

-6 -6 -6 

-6 0 0 

0 -6 0 

0 0 -6 

3. THEORY OF OPERATION~ 

Diodes CR1 and CR2 comprise an OR gate. Diodes.CR3 and CR4 comprise an AND 
gate. TranSiStors Q1 and Q2 are inverters. 

Two 0 volt inputs forward biasCRl and CR2 which conduct and place a positive voltage 
onthebase of Ql (with respect to the emitter), causing Qlto cut off. Diodes CRS and CR4 
are back biased and 0 volt appears at the anode of CR6. With Ql cut off, CR6 is forvv'ard 
biased and conducts, placing 0 volt on the base of Q2. Transistor Q2 is cut off and -6 volts 
appears at the output. 

Zero volt at Input 1 and -6 volts at Input 2 will cause the folloWing sequence of events. 
Diode CRI is forward biased and conducts, causing CR2 to be back biased, placing 0 volt on 
the base of Ql and causing Ql to cut off. Diode CR4 is forward biased and conducts,causing 
CR3 to be back biased and placing -6 volts on the anode of CR6. With Q1 cut off, CR6 is 
forward biased andconducts, placing -6 volts on the base of Q2. Transistor Q2 conducts 
and Ovo11: appears at the output. When the input voltages are reverse, (-6 volts at Input 1 
and 0 volt at Input 2), the circuit action is the same except that diodes CR2 and eR3 conduct 
and CRI and CR4 are cut off. 

Two -6 volt inputs reverse bias CRI and CR2which drives the base of Q1 negative and 
Ql conducts. Diodes CR3 and CR4 are forward biased and conduct. placing -6 volts on the 
anode of CR6. With Qlconductingand CR6 back biased, the base of Q2 goes positive. 
Transistor Q2 cuts off and -6 volts appears at the output. 
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CIRCUIT BOARD DESCRIPTION EXCLUSIVE OR 
SCHEMATIC 3104452 

4 • OPERATIONAL CHARACTERISTICS 

FUNCTION· 

Voltage 
"",. ,'" ....•.. 

Current 

Rise Time 

Fall Time 

Dday 

. INPUT OUTPUT 

UP LEVEL DOWN LEVEL UP LEVEL DOWN LEVEL 

O.OV to -0.5V -SV to ~13V O.OV to O.SV -S.7Vto ·-6. 7V 

5.4 rna max 1 mam3X at -6. 3V . 13.Sma max 1 rna max 

150 nsmax* 
. 

1100 ns max* . 

750 ns max*'" Signal Propagation Delay 

*With 220 pf load returned to ground or 390 pf returned to ground 
in parallel with 430 ohms re.turned to -6 volts. 

**Total delay of 4 circuits in series. 

5. POWER REQUIREMENTS. 

. 
VOLTAGE CURRENT. 

+12VDC ±3% 11 rna max· 

-12 VDC ±3% 60 rna max 

- 6 VDC ±4% 6.8 rna max 
.. 
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CIRCUIT BOARD DESCRIPTION INPUT BUFFER 
SCHEMATIC 3107038 

1. GENERAL DESCRIPTION .. 

This card contains eight identical, independent input buffer circuits. Each circuit 
provides a non-inverted output and has an input noise rejection of approximately 5 volts. 

2. THE OR Y OF OPERATION. 

With a volt input, Q1 conducts and -6volts appears at the collector of Ql. Q2 is 
driven into saturation by base current via R4. With Q2 conducting, the output is zero. 

With -12 volts input, Q1 is reverse biased and cut off. The base of Q2, through R4, 
goes positive, driving Q2 to cutoff. With Q2 cut off, the output is .., 12 volts. 

3. OPERATIONAL CHARACTERISTICS. 

INPUT OUTPUT 
FUNCTION 

HIGH LEVEL LOW LEVEL HIGH LEVEL LOW LEVEL 

Voltage 0.00 ±1.25V -12 ±12V O.SV max -12V thru 2. 7K ±10% 

Current 2.6 rna max 4.7 rna max 30ma max -12V thru 2. 7K ±10% 

Rise Time lOOns max 

Fall Time 500 ns max 

4. POWER REQUIREMENTS. 

VOLTAGE CURRENT 

+12 VDC ±3% +40 rna max 

-12 VDC ±3% -40 rna max 

I - 6 VDC ±4% I 
, . . 

+56 to -19 rna max 
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CIRCUIT BOARD DESCRIPTION 

1. GENERAL DESCRIPTION. 

OUTPUT DRIVER 
SCHEMATIC 3107043 

Eight identical output driver circuits are mounted on this card. Each circuit provides 
a two-way gating function. 

.\ 

2. TRUTH TABLE. 

INPUT 1 INPUT 2 OUTPUT 

HIGH HIGH LOW 

HIGH LOW HIGH 

LOW HIGH HIGH 

LOW LOW HIGH 

3. THEORY OF OPERATION. 

During the following discussion, a 2K output load is assumed .. When both inputs are 
atthe high level of zero volts, the input to the base of Qlbecomes positive. Ql is(;:ut off. 
When Q1 cuts off, the base of Q2 goes negative. Q2 conducts and functions as an emitter 
follower until the output reaches approximately -12 volts. 

When either one or both inputs are at the low level of-6 volts,the input to the base of 
Ql goes negative and Q1 conducts. Thebase of Q2 goes positive with respect to emitter of 
Q2 and Q2 cuts off. The output is zero· volts . 

4. OPERATIONAL CHARACTERISTICS. 

INPUT OUTPUT 
FUNCTION . 

HIGH LEVEL LOW LEVEL HIGH LEVEL LOW LEVEL 

Voltage OV to -IV -5V to -12V OV to -IV -12±2V 

Current 350 Ila max 1.5 rna max at -6V 5 rna max 5 ina max 

3. . POWER REQUIREMENTS. 

VOLTAGE CURRENT 

+12 VDC ±3% 5.5 rna max 

-12 VDC ±3% 55.0 rna max 

6-9 





CIRCUIT BOARD DESCRIPTION 

1. GENERAL DESCRIPTION. 

READ AMPLIFIER 
SCHEMATIC 3107118 

This card contains two independent and identical circuits. Each circuit is a three
stage, variable gain, linear differential preamplifier. 

2. THEOR Y OF OPERATION. 

The inputs to the differential preamplifiers are direct coupled to the Read Heads. The 
first stage, made up of Q1 and Q2, is a typical differential amplifier. The collectors of Q1 
and Q2 are capacitively coupled to the second differential stage, made up of Q3 and Q4. A 
gain potentiometer, RIl, is connected between the collectors of Q3 and Q4 to provide a 
variable gain adjustment. The second state output is capacitively coupled to the third stage 
made up of Q5 and Q6. Third stage output of Circuit Number 1 appears at pins 14 and 16. 
Output of Circuit Number 2 appears at pins 22 and 24. 

The differential input impedance is from 7K minimum to 15K maximum across the 
input terminals. Input voltages are from 12 mv to 24 mv peak -to-peak differentially. 

To measure gain, band pass, and output amplitude, the Read Amplifier board must be 
loaded with the Read Deskew board, assembly 3107252-10. Gain is 310 minimum at the 
maximum setting of potentiorneter R11. Band pass is from 90 cps minimum to 35KC ma...'{
imum with gain set to maximum. The output amplitude is 3.7 volts peak-:to-peak minimum 
without limiting. . 

3. POWER REQUIREMENTS. 

VOLTAGE CURRENT 

+12 VDC±3% 10 ma max 

-12 VDC ±3% 10 ma max 
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CIRCUIT BOARD DESCRIPTION 

1. GENERAL DESCRIPTION. 

READ DESKEW 
SCHEMATIC 3107253 

This card contains one stage of a differential amplifier, a clipping circuit, apeak 
detector, a deskew single-shot, and a skew register flip-flop. 

2. THEORY OF OPERATION. 

The differential input from pins 8 and 10 is applied to the differential amplifier made 
up of Qland Q2. The output of the amplifier is summed with the Clipping Bias input from 
pin 16. and appears at the bases of Q3 and Q4. Q3and Q4 form a full-wave rectifier with 
power gain. The amplitude of the Rectifier output is a function of the Clipping Bias input. 
and appears at the base of emitter follower Q5. Q5 is directly coupled to Q6 andQ7. When 
the input to Q5 goes positive, Q5 drives the bases of Q6 and Q7 positive. Q6conducts, 
charging capacitor Cll, and Q7 cuts off. Capacitor Cll reaches maximum charge at the 
peak of the input waveform at the base of Q6. Following the peak of the waveform, the volt.,. 
age begins to drop. C 11 is charged to the peak voltage and holds the emitter of Q6 to that 

'level. When the voltage at the?ase of Q6 drops, the base-emitter junction becomes back 
biased and Q6cuts off. At the momentQ6 cuts off, the collector of Q6 goes positive, turning 

,onemitter follower Q8~ As input to the base of Q7 drops, Q7begins to conduct and fully. 
discharges GIl when the input waveform reaches zero. The circuit is then prepared for the 
next positive-going signal~ When Q8 conducts, Q9 also conducts, causing Q10 to conduct. 
When QI0 conducts, a positive signal is fed via CR4 andCi2 into the single-shot made up of. 
Qli and Q12 .. The output of the single-shot goes negative for the duration of its time delay. 
The single-shot time delay is dependent on the RC network of C13, R25, and R26. At the 
end.of the time delay, the collector of Q12 goes positive, causing Q13 to conduct. Thecol
lector of Q13 goes negative, generating an OR Clock output at pin35. At the time the col
lector of Q12 goes positive, the read register flip-flop made up of Q14and QlS is set. The 
flip-flop is later AC reset by a positive-gOing pulse from AC Reset input, pin 24. The flip
flop may also be forced to reset by. a Skew Register DC Reset input from pin 26 through R37., 
The flip-flop output appears at pins 30 and 32. 

3. POWER REQUIREMENTS. 

VOLTAGE CURRENT 

+12VDC ±3% 16 rna max 

-12 VDC ±3% 40 rna max 

- 6 VDC ±4% 80 rna max 
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CIRCUIT BOARD DESCRIPTION 

1. GENERAL DESCRIPTION. 

READ DESKEW. BIDIRECTIONAL 
SCHEMATIC 3109930 

This card contains one stage of a differential amplifier. a Clipping circuit, a peak 
detector. a deskew single-shot, and a skew register flip-flop. The deskew single-shot 
provides two adjustable deskew delays. which are selected by applying +12 volts at one of 
two inputs. 

2. THEORY OF OPERATION. 

The Differential input from pins 8 and lOis applied to the differential amplifier made 
up of Ql and Q2. The output of the amplifier is summed with the Clipping Bias input from· 
pin 16. and appears at the bases of Q3 and Q4. Q3 and Q4 form a full-wave rectifier with 
power gain~ The amplitudE;! of the Rectifier output is a function of the Clipping Bias input 
and appears at the base of emitter follower Q5. Q5 is directly coupled to Q6and Q7 .. When 
the input to Q5 goes positive. Q5 drives the bases of Q6 andQ7 positive. Q6conducts, 
charging capacitor Cll. and Q7 cuts off. Capacitor ell reaches maximum charge at the. 
peak of the input waveform at the base ofQ6. Following the peak of the waveform, the volt
age begins to drop. Cll is charged to the peak voltage and holds the emitter of Q6 to that 
leveL When the voltage at the base ofQ6 drops,the base.,.emitter junctionbecomes back 
biased and Q6 cuts off. At the moment Q6cuts off, the collector of Q6 goes positive, turning 
on emitter follower Q8 .. As input to the base of Q7 drops, Q7begins to conduct and fully dis
charges Cll when the input waveform reaches zero. The circuit is then prepared for the 
next positive-going signal. When Q8conducts,Q9 also conducts, causing .QIOto conduct. 
When QIO conducts. a positive signal is fed via CR4 and C12 into the single-shot made up of· 
Qll, and Q12 The output .ofthe single-shot goes negative for the duration of its time delay. 
The Single-shot time delay is dependent on the RC network of C13, R25, and R26 when -12 
volts is applied at pin 21, or C13, R43 and R26 when -12 volts is applied at pin 20. Diodes 
CR 16 and CR 17 isolate the two inputs. At the end of the time delay, the collector of Q12 
goes positive, causing Q13 to conduct. The collector of Q13.goes~gative. generating an 
OR Clock output at pin 35. At the time the collector Of Q12g0e.sJ'J0.Sitive, the read register 
flip-flop made up of Q14 and Ql5 is set. The flip-flop is larer'ACreset by a positive-going 
pulse from AC Reset input. pin 24. The flip~flop may also be forced to reset by a Skew 
Register DC Reset input from pin 26 through R37. The flip-flopoiltput appears at pins 30 
and 32. 

3. POWER REQUIREMENTS. 
I~----~-T~-T--~~.-·~-n----~I-.----~-T-Tn--n-n-~-T~----~ 

VVLIAun ~unnn~l 

+12VDC ±3% 

-12 VDC ±3% 

-6 VDC ±4% 

16 rna max 

40 rna max 

80 rna max 
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CIRCUIT BOARD DESCRIPTION SELECT LOGIC-B 
SCHEMATIC 3111158 

1. GENERAL DESCRIPTION. 

This card contains six independent circuits as follows: two Input Buffers, one Output 
Driver, one Inverter, one Hi/Lo Density Select Driver, and one Deskew and Amplifier 
Select Driver. 

2. THEORY OF OPERATION. 

Input Buffers. The input to Buffer # 1 is at pin 12 and the output is at pin 15. The 
input to Buffer #2 is at pin 13 and the output is at pin 16. The InputBuffer circuits are 
identical. Only Input Buffer # 1 is described. 

With 0 volts input. QS conducts and -p volts appears at the collector of Q5. Q6 is 
driven into saturation by base currelltvia R14. With Q6 conducting, theoutput is zero. 

. With -12 volts input, QS is reverse biased and cuts off. The base ofQ6, through R14, 
goes positive, driving Q6 to cutoff. With q6 cut off, the output is -12 volts. 

Output Driver. The Output Driver· circuit has two inputs at pins 18 and 19, and an 
output at pin ·17. The theory of· operation is· as .follows. 

During the following discussion, a 2K output load is assumed .. When both inputs are 
attl~e high level of zero volts, the input to the base of Q14becomespoSitive. Q14is cut 
off. WhenQ14 cuts off, the base of Q1S goes negative. Q15conducts and functions as an 
emitter follower until the output reaches approximately -12 volts. 

When either one or both inputs are at the low level of -6 volts, the inputto the'base of 
Q14 goes negative and Q14 conducts. The base of Q15 goes positive with respect to emitter' 
ofQ15 and Q15 cuts off. Output is zero volts. 

Inverter. The Inverter circuit has an input at pin 9 and an output at pin 10. The 
theory of operation is as follows. 

When Read Permit input is -12 volts, Q9 is biased to cutOff and the output isO volts. 
When Read Permit input is o volts, Q9 is conducting and the output is -6 volts. 
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CIRCUIT BOARD DESCRIPTION 

-2. THEOR Y OF OPERATION. (Continued) 

SELECT LOGIC-B 
SCHEMATIC 3111158 

Density Select Driver. The Density Select Driver input is at pin 25 and the outputs 
are at pins 21 and 23. The theory of operation is as follows. 

The Density Select Driver input is controlled by a pushbutton on the OCP. When the 
input at pin 25 is 0 volts (Low Density), QlO and 011 are cut off. High Density output at 
pin 23 isqpen circuit. Q12and Q13are conducting and Low Density output at pin 21 is 
-12 volts. 

When the input at pin 25 is -12 volts (High Density), Q10 andQU are conducting. 
High Density output at pin 23 is -12 volts. Q12 and Q13 are cut off and Low Density output 
at pin 21 is open circuit. 

Deskew ~nd Amplifier Select Driver. The Deskew and Amplifier Select Driver input 
is at pin 27 and the De skew Seleetoutputs are at pins 29 and 31, and Amplifier Select outputs 
are at pins 32 and 33. 

The theory of operation isas follows. An input of -12voltscimses Qland Q2 to 
conduct and Q3 and Q4 to cut off. When Q2 is conducting, the outputs at pins 31 and 32 
are driven to approximately -12 volts by transistor Q2. 

WhenQ4 is cut off, the output at pin 29 goes to +12 volts and the output at pin 33 is 
isolated from pin 29 by back biased diode CR5. 

An input of 0 volts causes Q1 and Q2 to cut off and Q3 and Q4 to conduct. When Q4 is 
conducting, the outputs at pins 29 and 33 are driven to approximately-12volts by transistor 
Q4. The output at pin 31 goes to +12 voltsand the output at pin 32 is isolated from pin 31 by 
back biased diode CR2. 
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CIRCUIT BOARD DESCRIPTION 

3. OPERATIONAL CHARACTERISTICS. 

INPUT 

CIRCUIT PARAMETER HIGH LEVEL LOW LEVEL 

Voltage O. 00 ±1.2SV -12 ±2V 

Input 
Current 2.6 rna max 4.7 rna max 

Buffer 
Rise Time 100 ns 

Fall Time 100 ns 

Output 
Voltage OV to -IV -SV to -12V 

Driver 
Current 350 Ilel. max 1.5 rna max· 

at -6 volts 

Density 
Voltage -O.SV most .... S.SV least 

negative negative 
Select 

Read Voltage -O.SVmost -S.SV least 
Permit negative negative 

... 
Voltage 0.00 ±1. 2SV ··-9V to ...;2SV 

Deskew & 
Deskew 

Amplifier 
Voltage O. 00 ±1. 2SV .. -9V to -25V 

Select 
Amplifier 
Select 

HIGH LEVEL 

O.SV max 

30 rna max 

100 ns 

OV to -IV 

Sma max 

0.3V more 
positive than 
.,.12V supply 

-to.SV max 

+12Vwith 
no load 

0.0 ±O.8V 
with no 
load 

SELECT LOGIC-B 
SCHEMATIC 3111158 

OUTPUT 

LOW LEVEL 

-12Vthru 2.7K ±10% 

-12V thru 2.7K ±10% 

500 ns max 

-12 ±2V 

5 rna max 

Open circuit 

-6.0 ±0.5V 

-12V 

-12V 
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CIRCUIT BOARD DESCRIPTION 

1. GENERAL DESCRIPTION. 

STROBE GENERATOR 
SCHEMATIC 3107058 

This card contains four separate circuits. These circuits generate the Read Strobe, 
AC Read Register Reset signal, a Write Register DC Reset signal, and a Clipping Level 
output. 

2. THEORY OF OPERATION. 

Read Strobe and Read Register AC Reset. The Read Strobe circuit generates a Read 
Strobe and a Read Register AC Reset output at the time of the arrival of the first OR Clock 
input. The OR Clock (-) and Read Permit (-) inputs are fed to an AND gate comprised of 
CRl, CR2, and R20. The output of the gate goes negative, driving the base of Q6 negative, 
and Q6 conducts. The collector of Q6 goes positive, the OR Clock output at pin 14 goes 
positive, and a positive spike is coupled to the collector of Q7 through diodeCR5 and 
capacitor C6. Q7 is the first transistor in a three-transistor flip-flop made up of Q7, Q8, 
and Q9. The positive pulse arriving at the collector of Q7 triggers the single -shot and the 
collector of Q9 goes negative for the duration of the single-shot delay. At the end of the 
delay, the collector of Q9 goes positive. This positive-going transition is coupled through 
CR12 and charges Cll. WhenCn'is charged, the base of QlO goes positive and QlO cuts 
ofL (Q10 remains cut off until capacitor Cll discharges to a level which causes the base 
of QIO togo negative.) The period in which QlO is cut off is approximately 1. 5 [ls. While 
QIO is cut off, Qll cuts off, and the collector ofQll goes positive causing the Read Strobe 
output at pin 24 to go positive. The collector of Qll remains positive for the period of time 
Q10.is cut ofLWhen the collector of Qll goes positive, Q12 cuts off and the collector of 
QI2 goes negative. When Q10 conducts, Qll conducts and the Read Strobe output at pin 24 
goes negative. The negative transition of the Read Strobe is the trailing edge of the Read 
Strobe pulse. When the collector of Qll goes negative, QI2 conducts and the collector of 
QI2 goes positive. The positive transition of Q12is the Read Register AC Reset signal, 
and appears at pin 22. 

The single-shot in the preceding paragraph operates in the following manner. When a 
positive pulse is coupled into the collector of Q7, this pulse is also seen at the base and 
emitter of emitter follower QS and charges CS. When CS is charged, the base of Q9 goes 
positive, and Q9 is cut off. Q7 is forced into conduction and the collector of Q7 drops to 
ground potential. . The emitter of Q8 also falls to approximately ground and completes the 
charge cycle of C8. Capacitor CS then begins a slow discharge through R2S, R31 ,and RI3 
or R14, Resistors R13 fmrl R14 ate splpctpd p.xtp.rn,ql1v to change the time delav ranQ"e. 

- - ~ - - - '" (,...:1 "' ....... 

R13 is selected in high density. R14 is selected in low density. When C8 is discharged to a 
point where the base of Q9 goes negative, Q9 conducts and the single-shot delay has ended. 
Emitter follower QS totally discharges CS through diode CRIO and resistors R30 and R29. 
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CIRCUIT BOARD DESCRIPTION 

2. THEORY OF OPERATION. (Continued) 

STROBEG ENERATOR 
SCHEMATIC 3107058 

Write Register DC Reset. The Write Register Reset signal is a composite of the Run and. 
Write Permit input signals. The Run and Write Permit are ANDed in the following manner. 
The collector of Q2 is normally negative. If Run or Write Permit inputs are positive, the col
lector of Q2 goes positive. With Write Permit input at pin 28 negative and Run input at pin 20 
positive, Ql is cut off and the collector of Q1 goes positive. Q13 is conducting. The collector 
of Q13 goes negative. CR19 is back biased and isolates thecoUectot of Q13 from the collector 
of Ql. Q2 is conducting. The collector of Q2 goes to +12 volts and appears at output pin 30. 

. With the Run input negative and Write Permit input positive, Q13 is cut off and Q1 is con
ducting. The collector ofQ1 goes negative. Diode CR19 becomes forward biased and lowers 
the collector voltage of Q13 to -6 volts. Q2 conducts and +12 volts appears at the collector of 
Q2 and at output pin 30. 

With both Run and Write Permit inputs negative, Ql and Q13 are cut off. The collector 
of Q13 rises to a value more positive than the emitter of Q2, driving Q2 to cutoff. The output 
at pin 30 is negative. 

ClippingLevel. The Clipping Level circuit provides a negative clipping bias voltage for 
the Read Deskew circuits. This bias voltage may be varied from approximately -6 to -9 volts. 
In normal operation, a higher clipping level is required in the Write Mode than that used in the 
Read Mode . The Clipping Level circuit automatically provides a higher clipping level when 
the circuit is in the Write Mode. 

Transistor Q4 functions as an emitter follower and provides a low impedance voltage 
source to the output at pin 32. Q4 is driven by the voltage divider network comprised of trim 
pots R9 and RIO, resistor R8, and zener diode VRl. A maximum output of approximately-9 
volts is required. This output is obtained by placing VRI in series with -6 volts to give 
apprOXimately -9 volts between the anode of VR1 and ground .. 

When Write Permit (-) is TRUE, Ql is cut off, causing Q3 to be cut off, WithQ3 cut off, 
the voltage at the base of Q4 may be varied from approximately -6 volts to -9 volts by varying 
trim pot R9. When Write Permit (-) is FALSE, Ql and Q3 conduct. The collector of Q3 goes 
to-6 volts. The voltage at the base of Q4 may then be adjusted between -6 volts and the 
voltage present at the slider of R 9. 

3. POWER REQUIREMENTS. 

VOLTAGE CURRE!\TT .... 

+12 VDC ±3% 86 ma max 

-12 VDC ±3% 100 rna max 

- 6 VDC ±4% 30 rna max 

+24 VDC ±15% 3ma max 
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CIRCUIT BOARD DESCRIPTION 

1. GENERAL DESCRIPTION. 

WRITE AMPLIFIER 
SCHEMATIC 3112345 

This card contains the input gating, deskew single-shot and the write head driver 
flip-flop. 

2. THEORY OF OPERATION. 

When Write Data input is coincident with the Write Strobe input for a period of 2 Ilsec, 
the Write Data Signal is fed through OR diode CR7 to the base of Q2. Transistor Q2 conducts 
and the collector of Q3 is placed at ground. 

Capacitor C7 charges, causing Q4 to cut off and allowing Q3 to conduct. After 
capacitorC7 discharges, Q4 conducts again. The discharge time of C7 is based on the 
time constant of C7, Rl (or R2) and R12. The discharge time determines the deskew delay 
time and can be varied by adjusting potentiometer R2. When the dual speed option is used, 
potentiometer Rl is used. 

With Q4 conducting, Q5 conducts and a negative input is fed to the trigger flip-flop 
Q7 and Q8 .. The steering diodesCRIS and CR26 gate the input pulse to the proper transistor, 
causing the flip -flop to change state. 

Assuming the flip-flop is in the reset state, Q6 and Q7 are conducting, Q8 and Q9 are 
cut off. Diode CR18 is forward biased and CR26 is reverse biased. The collector output 
of Q6 is at ground and that of Q9 is near +10 volts. 

When a negative set pulse arrives at CIa and Cll, the pulse throughCll is applied to 
reverse biased CR26, producing no change. The pulse through ClO is conducted through 
forward biased CR18 to the base of Q7, cutting Q7 off. When 07 cuts off, Q6 turns off and 
opposite state transistor s Q8 and Q9 turn on. 

When Q8 and Q9 conducts, a ground is provided through the emitter-collector path 
to output B, pin 30. Simultaneously, the Q6 collector voltage rises to a positive voltage and 
is applied to output A, pin 34. Each voltage polarity change at the outputs A and B causes a 
current reversal in the write coil, producing a written ONE on the tape. The positive 
voltage is also conducted through CR21 to the Echo output, pin 24, for optional Write Check 
Error usage. 

A positive signal at DC Reset input pin 26 causes eRI9 to be fonvard biased, applying 
a positive potential to the base of Q7. Q7 is forced into conduction. A negative signal at 
pin 26 causes CR19 to be back biased and disconnects this input. 
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CIRCUIT BOARD DESCRIPTION 

2. THEORY OF OPERATION. (Continued) 

WRITE AMPLIFIER 
SCHEMATIC 3112345 

Write Reset input at pin 10 is combined with the Reset output of the flip-flop via Ql 
and is handled in the same manner as data, except that a Write Strobe input is not required. 

Test Deskew is an input provided for use in the system alignment procedures. Test 
signals are handled in the same manner as data, except that no other inputs are required. 

3. POWER REQUIREMENTS. 

VOLTAGE CURRENT 

+12 VDC ±3% 14 rna max 

-12 VDC ±3% 14 ma max 

- 6 VDC ±4% 8 ma max 
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CIRCUIT BOARD DESCRIPTION 

1. GENERAL DESCRIPTION 

This card contains three independent circuits. 

WRITE POWER GATE 
SCHEMATIC 3107128 

The Write Power Gate provides power to the write amplifiers when Write Permit is 
TRUE and when the Write Enable relay has been energized. 

The Read Permit inverter inverts and amplifies the Read Permit signal. 

The Density Selectdriverapplies voltage to the density potentiometers located on the 
Read Deskew Assembly (3107252). 

2. THEORY OF OPERATION. 

Write Power Gate. When input 1 or2 is -12 volts, Q1 is biased to cutoff.. With Ql cut 
off, Q2 is driven into saturation by positive base currentthroughR3 ..When Q.2 conducts. the 
base of Q3 goes to approximately +3 volts causing Q3 to conduct. With Q3 conducting, the 
voltage at the base of Q4 goes to approximately +3 volts. causing Q4 to conduct. When Q4 
conducts. the output. through pins 7 and 1 of Kl, is at +10 volts. Relay K1 is energized. 
when the External File Protect switch is closed. 

Wheninput 1 or 2 is 0 volts, Q1 conducts and -6 volts appears at the base of Q3. 
driving it to cutoff. With Q2 cut off. the base ofQ3 goes to +15 volts. As Q3 is conducting, 
approximately +15 volts appears at, the base of Q4. driving it to cutoff. The output is 0 volts. 

Read Permit lnverter. When Read Permit input is -12 volts, Q9 is biased to cutoff. 
and the output is +12 volts. When Read Permit input is 0 volts, Q9 is conducting and the 
output is -6 volts. 

Density Select Driver. The Density Select Driver input is controlled bya pushbutton 
on the OCP. When input at pin 11 is 0 volts (Low Density), Q5 and Q6 are cut off. High 
Density output at pin 16 is open circuit. Q7 and Q8 are conducting and Low Density output 
at pin 17 is -12 volts. 
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CIRCUIT BOARD DESCRIPTION 

2. THEORY OF OPERATION. (Continued) 

WRITE POWER GATE 
SCHEMATIC 3107128 

Erase Head Driver. Whenever' the Write Power Gate is on, current is supplied to the 
Erase Head through R19. TIle current is 100 milliamperes nominal. 

When input at pin 11 is -12 volts (High Density), QS and Q6 are conducting .. High 
Density output at pin 16 is -12 volts. Q7 and Q8 are cut off and Low Density output at pin 17 
is open circuit. 

3. OPERATIONAL CHARACTERISTICS. 

INPUT OUTPUT 
CIRCUIT 

HIGH LEVEL LOW LEVEL HIGH LEVEL LOW LEVEL 
~ 

Write Power Gate O.OV to -0.5V -5.70V to -12.36V +11V to +12V O.OV to -1.5V 
-
Density Select -O.SV most -5. SV least 0.3V more positive Open circllit 

negative negative than -12V supply 

Read Permit -O.SV most -S.5V least O.SV max -6.0 to. SV 
negative negative 

Write Enable 11.64 V min at 100 rna max +llV to +12V O.OV to -1.5V 
Relay 

4. POWER REQUIREMENTS. 

VOLTAGE CURRENT 

+12 VDC ±3%, 2 ma max 

-12 VDC ±3%, 103 ma max 

-6 VDC ±4%, 13 ma max 

+24 VDC ±lS%, 30 rna max 

-24 VDC ±IS%, S rna rnax 
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7-1. INTRODUCTION. 

SECTION VII 
DRAWINGS 

Pr~nted circuit board schematics and assembly drawings are included in this section 
and are located in alphabetical order by the mnemonic code, as shown on Table 7-1. 

Two sets of logic diagrams are located at the end of this section. Logic Diagram 
3112457 is for standard DE-211 (7-track) and DE-291 (9-track) systems which uSe Forward/ 
Reverse and Run/Stop commands. Logic Diagram 3115496 is for standard systems which 
use Forward/Stop and Reverse/Stop commands. 

CODE 

ECC 

EOA 

IBA 

ODA 

RAB 

RDB 

RDC 

SGA 

SLB 

. WAB 

WPD 

TABLE 7-1 
LIST OF DRAWINGS 

DESCRIPTION SCHEMATIC 

Error Check 3109873 

Exclusive OR 3104452 

Input Buffer 3107038 

Output Driver 3107043 

Read Amplifier 3107118 

Read Deskew 3107253 

Read Deskew, Bidirectional 3109930 

Strobe Generator 3107058 

Select Logic 3111158 

Write Amplifier 3112345 

Write Power Gate 3107128 

ASSY DWG 

3109915 

3107274 

3107251 

3107255 

3107270 

3107273 

3109933 

3107276 

3111157 

3112347 

3107272 

.Logic Diagram DE -211 Data Electronics (Fwd/Rev-Run/Stop) 3112457 

Logic Diagram DE-211 Data Electronics (Fwd/Stop-Rev/Stop) 3115496 
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OUTPUT I 

OuTPUT 2 

LIST OF MATt"AW. 

~1W~~~:~~~~~ ~~:~=~ ~~=~ 

7103-25'1 

SCHEMATIC, 
EXCLUSIVE OR TYPE P 

310'1'152 8 

EOA 



3102982-20 "'5-004 TYP 
:} PLACES 

y? ?~ 280-052 

TYPICAL TeAjJ515Toe II/STAll ATIOIJ 

3107)09 ·50 

TM-

PART NO. QT"f • 

3212092-10 

3263014-11) " 
3263028-10 

OJ4~1191 

034-963 

037-0S8 

0<\1-401 

041-406 

041-4\ S 

04'-482 
041-S61 

041-584 

041-748 

CDKPOtIENT D£SIGItATIOM 

Q 101 ;, OZ ,2.01,"102 ,301.3{)2."'01 ,402 

CII;101 THIW 106,108,301 llllW 306. 

3011,(.R101 TtllW 206,208,40\ TttRij 

406,"'08 
CRI 01 ,207 ,lOl."'01 

C 102 ,202 ,302 ,"'01 

Cl0l,201 ,JOI ,"'01 

C1,2,3 

Al 0.1, I 02 ,201,102,30\ ,301,401,402 

AI07,207,307.407 

R! De ,208 ,306 ,406 

AI06,2~,3()'j,40E. 

"10S,20~,JOS,40S 

11;109,209 .30'9 ,409 

It.r03, 104,203. 2G4.30l.304.403 .... 04 

3107274 

rn ~~s~~~r~~' AIID ",,"[PLAn: JNFOP.MATIOM "£11 

'0 PART tw_ TO If 3107U4-10. 

1 SIAL f'IUNTEI) (llCUIT $ID[ ONLY WIT1l Ifl""-S[AL 
n,,[ lists, COLINIA TEeK. COU'., ~ lQUIV. 

6. H(AVY LIME OM QleDE IMDICATES CATKO.D£. 

5. "1.U5 SIGN ON CAP ... CITOR INDICATES POSITIvE. 

4. COKPOM1NT DESIGMATIONS ARE FDA REFERENCE ONLY. 

3. ASSQ4JL£ PER AANUFACTuRING PUCTICE MANUAL 

2. fOA AS5Y SP£ClflCATlOtt bEE 3104~24. 

1. fOft SOil,..,.TI, $[[ 3104~5a 

MOlESt 

1-""'L+~~"""'--l*'''4-"mu C I flC U IT BOAR D ASS Y -
,--- ),1, EXCLUSIVE OR TYPE P 

3107274 A 

EOA 



r--

I 10 

'l 13 

:; 17 

4 19 
INPUT 

5 2:; 
f, 25 

7 'l9 

8 3'2. 

I 9 

2 14-

3 110 

4 20 
OUTPUT", 

5 22. 

<0 26 

7 28 
6 .33 

+ I '2. V I 

- 6" ,3 , 
- re 1/ 4- (Iel 

P.5 •• "D { 

5 11 15TI, 

10 

U 7 
'---

{§J51<:E" TABLE I 

(§.1 PARTIAL REFERI:NCE DESIGNATIONS ARE SHOWN. 
PREFIX THE. REFERENCE DESIGNATION WITH THE 
CIRCUIT NUMBER fOR COMPLETE DESIGNATION. 

4. All DIODES TO BE ;:'2G3024--10. 

(2. 

151+ 

3. ALL RESISTOR VALUES ARE IN OHMS 1/4W tS'Yo. 

(3 + 
1sT 

2. ALL C!,PACITOR VALUES ARE IN MICROFARADS, '20V ±20,t. 
1. FOR ASSEMBLY SEE TABLE 1. 

NOTES: UNl..E:'::>:;' OTHE:RWI5E: 'SPEC.IFIED. 

r;;; - -
I (§JCIRCUIT5 

1-8 

I 
I , 

ItMSION$ 

ISSUE DESCRIPTION DAlf DRAftSMAN 

o £CN 9/1-AN R£DRAW Io-~ ~ 

+1'2V 
~ 

-12V 
.~ 

£ EeN 5051 

r £(,N 53/2 

- R3 -' - -- -- R5 ~ ----I 
4.1'K( 2.1K.> I 

I 
I 

..... ------,-- OUTPUT 

DATE MP1tOVAl, 

I RZ 
3.3K. /Cl INPUT ___ ..-.IVv'-__ -Hff-' 

3~6I1a4-IO ~ 3~~092-IO I 

~ -

I 
I 
I 
L 

I 
R I S CR I .. CR2 " I 

_[§]< ___________ --.J 

TABLE I 

ASSEMBLY ~Erf COMPONENT 

3107037-/( lY ZIXl 751< 
3'07258~ D£200 75 K 
3116156-01 T~:;'2il 36K 

COMPUT_FI PAODUCTB DIVIIIION 
AD.I!IOX 3Ra,CULVER CITY,CALIF. 

SCHEMA1\C
INPUT 8UFFE.R 

.lTE PlSL c.! _._-. __ """H 
NEXT ASSY. 1ST t:SED ON 

DWG. NO. 

3107038 1-----------1 cr;;~N~~O 
j,PPUCAilOH 1:,.".CAl.".E.-I-!\J.,....,O-N-·-E..-+------....,I'r:..'H~":!'<·'-I-O-F.,·-'--I 

~---------------------------------~--~~~---.~-----------~----------~~~~~~----~~~~~ 
IBA 



CONNECTOR. 
PART B 

m lW STALL PART D PER T""". :I. 

[!). fltl\ltTj P .... Rf c. USE:O ONL"'1' WITH 3i:OOS'Z.6-IO. 

IQ. SEAt. p"'lIIr£~ tlftCUIT 5.IOE ONLY wl"rH HUMI·SEA~ 
jfPE 18\$J COLVMBI .... Tt.CH caPt.? Oft EQUIV. o MA'jt PARr NO. AND N/WtE/!>t.A,T£ 1IV~4Y.TlOW PER MIL-Srl:l-/.JO. 

B. PI'1I:T /110. TO 8£ A~ SHOWN ON "'A81.E. I.. o ClRriJlTey ()fII TArSIDE. 

,. PUIS SIGN 0..+' CIJP/K/rll' INDK,n~<J PQ5ITIVG". 

S. (OMP()H£trT Z¥1K;IYAT/tJh!: "',. ~(U' ·'rL:r£.("eh'C~ (1N". 

<t. ASSEMl!I..£ PEr MIJNI/~RCrvLI/Y& ',Olcrtcr NA#'V"'f... 

3. HEIIYY 11/'([ 0If J1I011£ "'ILJICRrE.~· CAJ'1I0.DF.. 

Z. ~OK PROD4IC7 SPECJnCRrt4N SEE 3107()J9 •. 

I. FO' SCKOM!.IC Sl£ V()7(J. '8. 

NOTt:S: Uf'I .. U' OTHIIWnSf SI"f.(lru:o 

TASLE I 

A.fSl"Ml!11. Y UJ"EJ) ON PMT D 

J/07o.37-/() N-.?oo O.f'-SlO 

;;~;;::~~~ ~~~"** 
. ,J1/fU13-01 J..~~~ 

~~~~TC 0 

~615-004 
6PLACES 

. QLt~O-O~' 
I . ( 

TYP/CIIL UIIIVS/S TOr IN5TIILUITION 

D(tcI'~ 0ItAITIIrttAIf DlTt 

E 91!<?>t DEY.PRO «-io-~"" .. ] 
B E.CIJ 911.1' .1:": " i ~ 

C fOIo! o,lI-AN PRDD .~.,.. 

D fOV ,fOS I J. ..... o"-. "/;,,4, ! 

PART NO, I!'t.-F£rENC£ DESJr;;NIITI(jN 

!t~OJK>4 -10 10,1 TN'U sal 

3Z1Z09r..tO Jat TNru ".~ 
JZ &.~O24.,/O IC~' rNII lre"l. IC'L'Z T.ylU IIcrL 

O~7-9'O c 1Zr' 
O.I-"'tI7 , .. 2 rN'V eu 

O.I-",<lz.. "", TNrv 8"" 
0·'-+12- /I" TNru J!Ij~.1 

PART 0 ,<", TN"'U P,CI 

0,n-S7/ II:~ TfU'V er4 

REFERENCE -... 

3107251 E 

IBA 



1--:-

I 12 
2 9 
3 16 

INPUT I 4 19 
5 23 
6 26 
7 30 
8 34 

I II 

2 8 
3 17 
4 i8 
5 24 

INPUT 2 

6 25 
7 31 
8 33 

I 10 
2 13 
3 15 
4 20 
5 22 
f> 27 

OUTPUT 

7 29 
8 32 

+12 VDC I 

-12 VDC 4 

5 

_ER { SuPPLY 6 -
6ROUNl' 

7 -
1-

I 
I 

1C2 1 CI 
15 15 

+T!:20V 20Y 
!:20% ±20% 

-== -;; 

RMSIONS 

ISSUE DESCRIP'fION DRAfTS~A."" DATE APPROVAL 

A Eo .. Ii'M-54- Dr=V. PRa.(x-~} B. oj..",., ? cf' ~.~ 
8 EC N 911 31 ~1~ /1;'1'43 .~ 
C ECN "II/-AN PROD.l5r~ 3-3-0.4 "<c,!,,:%, 

-12 VDC -12VOC 

~ t 
1------------- -----"1--, 
, CIRCUITS 1 THRU 8 , 

I t]) R 3 <' R4 <' I 
I 2000 125 , 
I 3W I ±{)Q2 : 
I CRI 

I N PUT I ...... -11-14---,1 CR4 1 : 
~--~---*---+~OUTPUT 

I CR2 ~ 
I NPU T 2 ...... -''---14--....... ---,./ A\I\f'-.--f(-L V Q I 

I RI ~ 
I 3900 

I 

CR 3 

R2 
22 K 

I 
I 
I 
- - - - - - - - - - -i -- - - - - - - - - - , 

~ --
+12VDC 

mJ,PARTIAL REF!:RENCE DESIGNATIONS ARE SHOWN. PREFIX THE DESIGNATING 
NUMBER WITH THE C!RCUIT NUMBER FOR COMPLETE DESIGNATION. 

5. ALL DIODES TO BE 3263024-10. 

4. ALL TRANSISTORS TO BE 3212092-10. 

3. ALL RE.5ISTOI1 VALUE.S ARE IN OHMS, 1/4W,t5% • 

2.ALL CAPACITGR VALUES ARE IN MICROFARADS. 

L FOR ASSEMBLY SEE 3107042,3107259 

NOTES: UNLESS OTHERWISE SPECIFIED 

REQD.I PART NO. I OESCRlf'TIOH I REfERENCE I ZONE I ITEM 

DO NOT SCALE DRAWING LIST OF MATERIA\. 

aDA 



Gl ~~;.~~ :~66fs.~:~g ONL.V 

CONNI!CTOR 
PART" 

Gl !l!A\.. PAINTEO CI~CUIT &~O[ OJr.lt.'t WITH I-4UMI~ i&EAL. 
TyPt 1 e '" C.OL.UM8IA TECH CO,~P OR £q~IV. 

Gw.~~ F"~T !.IO. ~D N#.t..tEPlATt tNA')ftMA,"!ON P!!R MIL.·"'tO~I'O. 
6,. F'Mn NO. 'TO &. A!> 5HOW~ 110../ BIL.L OF'MATERIAl. 

t2)c.!1<:wrn?t ~ F .... ~5\O;: 

'"" PLUS SIC.", OW C"PA(,ITOQ INOIU"'""T!.!> PO&I'TIII'l. 

So COMPO""""-J't 01i.SHirt.,J .... "T"\O""~ AoQe. FOR Q. .. ~ER.Eut.E O~.u.'t' 

4. A~!IE.""'e.\",t paR """, ..... N ..... F/Io.C.'TU~.11o.lGo Pq, ..... C..,..IC~ 

~. I-I.EAVY l,.1t-iE. OIoJ OIOCIi.. iuC\CA.'·~~ c,6.,T\o-\oDIE 

2'. FOR ~Q,ocvc:..,.. ~P_C.\FIC.A.'IO~ S~1l 3101044 

I. FOR &.\-tEMA..TIC ~~I 3\07C'43 

-BOARD OET~IL 
PART A 

[] /~2BO-OS< 
~ '''''QO 

TYPlCAL TE'ANS,ISTO"!. INSTALLATION 

, .. " .. ,"" 
A eN 911-~1 OEV. PI? 

[OJ .,JI. AN PROD. 

3107339- 10 0 

3109320-30 

PART NO. R£FiCREN<:~ Of516NATI0H 

3Z!2092.-1O lQl nwtI 801, lQ2 Tl.IR'J . &Q2: 

St6~t4~IO 
lCRI 'nI:RU 8CRl. lCRt 'frl1i!U eccn, 
J CR~ 'fliRl) 8CR' J KR4 1WR"J 8(2'4 

---

O~l-900 ct. tz. 
041-~ ll<t n.RU GRZ 

04t~ 511 lRl T!.I0J "",1 

041-560 lR!I 11d'U eR3 
f---
o41~!102 11<:"'" nUl:U eRa 

REFERENC£ 

MOO. - ... 
POlIIIITlCALlOlU. .... 

. DS ~~~l:~ ~~~~~&~~~ ~~lm:::::::: '"=:~ 
="""'="T.;==-1~~~~~g~~l=,SIO ~; 
~:g;~;~ ~:~~~~ ~Kf~U Of R: M~"[O f-''''''-j~~''''_ , .... ---I'"!'!!..J 

~ lo'12'Sy i1 
310704-2. TM5 E!> •• 

CIRCUIT BOAR D ASSEMBLY 

OUTPUT DRIVER 

3107255 [j 

aDA 



{ 

,HPUT NO.1 ~. 
tl~CUIT INPUT NO Z 110 I I 

NO. I OUTPUT NO, I 141 
OUTPUT HO Z 16 

INPUT NO.1 

CIRCUIT INPUT NO. Z 28 
NO.2 

OUTPUT NO, I 24-
1 

INPUT NO. I 30 

OUTPUT NO,2 221--4- INPUT NO.2 

-12V 4 

+12V I 

".""""" 1 
5 

6i-
Tf-
18f-
"f-
20f-
'-

RI 
22 

i/2w 

~i -(2 ':;::C4 
V2W .15 -1 15 

04 
22 
V2W 

'---,NV~~--. 

+ I 2V + 12v +1211 +12V ,.,2V +12\1 

r------ --------j---~ -----------1----, 
"';'CIRCUITS J I I ~ I & 2 "2 R5 ; R9 RI3 RI8 R21 I UK 8.2K 8.2K 8.2K &.8K G.BK 1 

I ~I, I (~.3:ll I 

I 351/ "!fi 35\1 (50 : 

i -t:" "~~!~ K '!: " ~: -( ::-c>- i 
I Jce R4 AI2 RI9 Rn I 

'00 300 rr'1 C' c7 
I T1 ...JVV.- ~. @ @ 0 I 
I 10 ~~~ I 

}
CIRCUIT 
NO. 2: 

RI 
10' 

R3 

"' 
R6 
11K 

-IZV -IZV 

eGg C.7 FUNCTION 

15JJI= ~2oi"o,20 361PS 

ISlJf±20;;'.2OV lSIPS 

15iJf~lOi",. 20V 112.5-120 ,PS 

Ispr!"2o~ ,lOV !.EdPS 

15Uf~20%)20V 7.51P5 

70jJF;k~/.) 15V 7.SIPS 

~~~~ZO?~ 150 If'S 

15~f " '107020 V 112.5/1 c.o/J SOIPS 

VERSION TABLE 

c:s ce 
'000 Pf,",~IOOV OP1!:N 

410 PF ! 51300V a20Pf~5%500\ . 
820 PF.!5ro~:OV IOOOI'f!St tOOl1 

1000 Pf: tS fa lOov OPEN. 

.0041 U"IOr,J~ OPEN 

.0047vnlo1..IOO OPEN 
oPt~ OPEfJ 

3~OPft5% 5'OO\/IZ70,Fft5~500V 

"'6 •• rK 
RIT 
".TK 

R20 
11K 

RZ3 
II K 

I 
I 
I 

--- !-----' 
-!Zy -tZV 

R19( ';:22, ASSEMBW u:;m 9" 

i!101L ~tOI\\7 'rM 7 211 

220.!l. 3109991 TM-4211 

220A 3110<':'13 TM-liall 

220.n.. !H07ZG,G, 1M -12J I 

100.n. 311333~ ThI-7Z11 

100 -'L '3JliOo6G 
"T ./2.11 
lNTE.RSTA,"tE 

'220J1.. 311C.11l'1 ';;:,;/.t,~' 
220.n.. 311813& MAN'd;iLL 

S£E .. A~LE 

OUTPUT NO. I 

OUTPUT NO.2 

~ .n .....-. 
A ECN 911--(lOCY. PAQ,[A1(CH .. , ----~/~J ~ 

eo 8:'-1 91\-A" ....,OD.~· 
C £OJ 3570 r~~ f~~";"~ 

J C:CMSOlcD JJ. 2.1,/"", l~c(:'_ 
I<. £C'A/ 5086:> r"~'J 

I. 3101118 

00 fOR VALUE SEE vERSION TABLE. 

"""flAL. UHIUCI DUIIlA:TlOlIS "'A' SMCIIiII. 
""'FI. TNt OnlUAfllt5 .""'tl WITH '"' CIIIII'" 
."U 'OA ("",,LUt DlSl6*-T1C11. 

... ALL f"".SISTOIU TO at 3:112011-10. 

J. ALL IU-SISTOIt VAUlts AU "1 (Md, 1/4 v • .t D. 

2. ALL Q.i"ACITOl-nLun All[ 'I "It • .".~ .... , 
;t lOX. .' 

1-, rOi ASSlMllf In 'n'JI1.E. 

sc.IU NONE ~o I Of , 

RAB 



i'j."lz CAPACITOR. 
~PA.~T D 

TYPI CAL TRANSISTOR INSTALLATION 

TABLE I 

PART D PM ... E PART f 
034-950 041 -41" NOT USED 

034- 214 041-41G O~4-2~O 

0",4_ t83 041.41(; 034-950 

Q34-950 OAI· A.f<O NOT USED 

O~5- ~,89 CA.! -4!' NOT liSED 

PAR~ G 

0"7-990 

O~1- ~~O 

0",7- 950 

037-990 

037-990 

RESISTOR~ 
PART E I..:.:J 

::!JI09<; 91-10 

o 

@) lN61AL.L. PAP'TS O)E.F 

~ ,~".,..aT C ","U .. LV '111lnt "00116·'0. 

--

A E.C~ ':111-0 OC:'i.p~O A(; •. t [ ~~.~ ~1.~-=4~~ P~OD. 
o E(N,3 $ 

'AAT 110. ItE'[J;J.!!£!......Rl~~lJ...~_. __ 

~#~t-ffi::¥c~~~~-
()11~9,." 19,. /C~ 2£.! ... l.ff? _~ 

:~::: ~~1~:~,~:;,2~1 --

IU .2u ,1"5,2kS,11t9.211:9,11I.13, 

Ull 
041·.21 1.1 nuUJ ... 

f-"":"'::~~ .. "'-+:'-'-:;C'--.ii~:-;~:~!:~~·kiO-.'-"-O-.llti4. 
!III. 111.20 tAt_O l~tJ 211.23 

I"II.! 1 2~11 

~p~~"~r~~'~7:·~~-C~_~i~~-----
PART G ICG;..2.CiO,IC7.ZC7 

3107C70 o T~."II'OT NOT TO eco .su."',.~e~ ,/>.I w ... r~R 

SiAL PAIHTtp ClRCUlT,bIot Ololt..'i "'TH ~-5rAL 
Typt UU:i , COI.I)tIII&tA, T£tH CORP Jf\' EQL.tV 

J. ,.n MI. TO I' AS S*"'" ,. Ill'" Of I"ATEII.I"L. 

e. 'LIIS II'" ON U'ACITOk I"IUCA~U I"OS'TI"[. 

S. (OPU'o.nNl on IGUll OtIS "11.£ '011;" _t'EltENCt c.t.'I. 

r5l C'''CUlllY OM fU$IOE. 

,. "SU"'L.I'U ",,"U''''CTUII.,., "RACTICE MlIlUlL. 

I. '011. "-I$("'lY S'(Cl'ICATIOtI st:[ 3101119. 

t. ro .. SQiU'.ATIC IE[ 3101118. 

MOTU: 

3/0727':' K. 
s...:n IOtr/ 

RAB 



R'VIStON5 
/IJUC DCSCRrpr,OW$ ~~P"TII[ N"!"IO""",- "*14 

M ,'III 0772 b"; .:..s "J,/~& '," A I ~ I. .:.;....' 
v .,,~ 

-~. l ,,:..!!....:\I,!\~._ _.~,~, ~~: ____ +:-:'-'-.. '''':'':'-1' c-o __ l-'~","L' ~~. 'c".'" 
C "eN 4",-,2- -----. ~~ ;.,.";:i; ':..Cr-

SINGLE -
AEf~~J ZIr---------------.------------------------------------------------------------------------------------, 

TPI 
VA. our 

TP2 
VA. OUT 

It{ -, 

14 
RI 

10K 

12 
R2 
10K 

B -----':J: 
C4 
I 
35V 
*20% 

C5 , 
35V 

+12V 

rJa 

~'11 

R3 
Z,ZK 

R5 

(~ 

+12V 

Q2 

AT 
2K C8 

_1% I 
35V 

±20% 

~t-
I 
35V 

*20% 

)-
RB 

0 

-

RIO 
2.2 K 

-6V '(0% -6V -IN 
IN'Z IO~--_.+H(----~----'---------------~ 

ijWf 'NG 1&1-------------------------------------' 

.... 12V +12V t12V+12V 

RIT jell 
20. f6'l 

±I% \..:.J 

+1.'1 + IZV 

RlO 
IZK 

R2S 10"0 
-12V -12V -12V -'12V -IZV 

R30 R31 
3 • 10K 

L ECN 5172 -<J...-.,; "/,/4.A 
r-

;------------------------------------------134 TP4 

35 OR CLOCK 
bV -IZV bV 12v OUTPUT f-l 

R3Z R33 R41 
10K CR9 1.8K CRI3 I.BK 

30 OA.TA 
OUTPUT(-) 

'---
>___32 DATA 

~ :',~ :t ~:~I;h 
CI2 b.:;J C 14'11 

Dopf ~~ !>-3"'3AP(~--+_I 
r ' R2B 

01f:1 ~ ~~ OUTPUT(+) 
33pf 33pf ~ 

cj,CS R36 R40 
RII RI3 
5.IIK 47 
:!!<>jo 

>-~)Q5 
Ril RI. 
~HK 47 
!.I% 

CIO 
.0047 

I 'OOV 
±IO% 

RI5 
IK 

.,N _bV -12V -12v 

tV Q8 
~ R21 

IZK 

9~~~~ 
+1% 

~ 

~ Q9 

cze 

0T 
~ 

RI9 
':"'(JV 

CR2 
5,62« 

CR3 

~ 
±19'o 

-12V -6v 

tV 
~ 

'" ~ 

QIO 

R2T 
41 K 

+12'1 

6.8K 

Rl~ 
47K 

tV 
'l!:: 

330pf 6.6. 6.8K 

)QIZ QI3 QI4 ~ tC? QI5 ~ C9 ~ 
10K 

~ fC~5 

CI6 CRI. 
100pf CRI2 
>-j 

RM R3T R36 R39 R42 
RIO 6.8' MK 56K 56K Cl9 IK 

100pf 
CRB 

'" ~ ,,- ,,-
-6V -I:N -6V +12V .IZV 

D~K~S~~ 2b~--------------------------------------------------------------~------------~----------------------------------------------------~, 
A~K~S~~~ 24~--------------------------------------------------------------------------------------------------------------------------------------------------------~ 

+!2VOC 
-12V DC 

4

3

1 ~===========~:~---rcr .1 ~; -ov DC 
r TV 115l20V 

PS { 
GROUND 

5 ----, :,:\5 if 20V '20% 
1 ir~~~% 1 f20% o~--~---,~·l~~~~----~. 

'-

rtl SeE TABLE· 
5. CR3 THIlU CRI5 TO BE 3,163024-10 • 
•• Cill AND Cill TO BE 3263028-10. 
3. ALL ~ES15TOR VALUES ,ARE IN OH~SJ 1/4W, :1:5:%. 
2. ALL CAPACITOR VALuES ARE IN MICROFARADS, ±IO%, SOOV. 
I. FOR ASSEMBLY ';EE TABLE. 

"mit UNLIU OTHERWISl 1'lCt'I[D 

TABLE 

f. <;ill R1.s COMPON~~~ R8 FUNCTiON eGo & C7 ell COMP~~EN.T C2.0 ASSEMBLY U~~D 
32t?091-IO 3201100-10 IO-K..±S""o Ij4.W IIOlr,'!S·/. 1/4W 3~ IP5 J5JJF"±20%.2QV .04TAlF 3~V_loer.1800PF. 200V Z04I80QPf. IOOV_IO'¥; ~I07252-10 TM7211 

ROB 



PART K 
321209/-10 

I 

3212091-10 
3212081-1() 
~91:""--

CONNeCTOR 
..q.oIA?r lS 

TAB\.E I 
PART L AS5£MBLY FUNCTION PA.Ri 0 PAR" E PAR.T F PART Go I='-A.RT H 

3201100-10 3101252.·10 ~<Q lP5 037 - 273 035~5jO 033-141 037- 990 O~1473," 

I 3101H,9-1O 3~!P5 037- 273 0"35 - 5,10 033 - 141 031'- $90 041-13'-
310~41'5·'O 75 IPS O~?- 034 034- 3t1 '3 034-_2.18 o~7_990 041- .3~~ , 3110004--10 ~~?~ J5.() IPS 

~~~ 
034_3~9 034-350 031-990 041-396 

~yDO,1O 3l!3".33~iO 7.S-IPS 03~ 9~9 03"3-147 031- 990 04.1-13G 

O14-3G4 '?»I I r.;OSS-JO ?SIPS 037-217 035-989 035·-219 037-478 04.' -13lQ 
3"2'61!00":-10 11815 -or 120 IPS 037-034 034-31S 034- 278 037,- 9:30 041 - 396 

LR£.515TOR. 
IJL .~@) ~ CAPACITO"~ PART E b!.:J 

-RCSISTOR_ . CAPA.CIT.'OFt~ PART .r 
PAR,T H PAR,. Go ~ , 

~ <;;.16'004-
9 PLACC!5 

280-orl ~ r-. n/.. 280-0-5"1 

"PLACEJ ~c=~:a!. b"====\s':~~. ~ill=:::1 4- P(.AC'-¢5 

TYPICAL TRANSIS TeR INS[ALtATIO/V 

PART J 
041-408 

04-1-<4-06 

041-5<;'0 

041-5~O 

04.1-408 

04-f-408 

041- 560 

~CN'S"t!&. 
L CC.N 5172 

M ECN 377, 

~RT NO. R(rER£NGC Dl'S/ti./'fATII)NJ PMT 1;0. R[F[R[N.C[ O[SIGAAT10HS 

!1.J,10 

@ INSTALL PA~T5 D,[,~/C;,H.J,~ t ~ 1"1:11 T4etL I. rn StAL 'Runco CltCUIT SII[ OIilU IItITM MUHI·SUI,. 
TY1[ 1115, C\)lUl'''. not. COlt" OR [Q!JIV4I..UT. 

3201 iN-IO Q8,9,13 

3212091-10 Ql,1, 

'3211092-10 QIG,11,ll,14,15 

31U098·10 QS 

3263024-10 CR1 ~HRU _cals 

'32£3026-10 CII.l,2 

0]4'''11 Ci-f, lSI 

03",491 CI4,;1, 18 

034'4~3 C 12, \ S 

PR-r-r D "I 
OJS·91!9 CIO 

P"'.T ~ eX) 

~"'JfT F (13 

031")';0 CI 1 3 

11.1 2." 32 3J 

041-410 

0"1-411 

041·411 

0041-041] 

041-425 

0041-0430 

041·434 

Q.41-482 

0<46· 115 

CW:-$I\i 

0041 ·~~o 

041-510 

OJ1-9,9-4 

A4RT H 

0"1- 1'1 

Q48-0S1 

~t~:; 
O.c·I17 
()44. 11 

PAR"l(:., 

II;I§ 1': 

RU,34,J6,31,40 

fl.13,14 

'" RlS,04l 

RI6 2{1 11 

'" A38, ~9 

R~O 

'" 

... 
'" 
R!:,12 .,. 
C(Q,C7 

--

AIV[T 'ART "C" U$ED a"LV \!11TH :UOOSlI.IO. 

•• PUT HO. to I[ AS SHO'IfN Itt JILL 01" ""T£IlIAL. 

7, HV<VY LINt OM O!ODt lHDICAl£~ CATHlil. 

fi". 'LUS S,,1t ON CAP'AtITOR INDI-CJ,TES PiXITIYE. 

$, CCflf"IUlI£ItT OESIGMA-lIOMS AU rOR JUFER£It([ Ottu. 

m CIRCUITRY ON fA~ID(' 

3. ASSWL[ 'EA MAfrtUfACTUltlHli ' .... CT"[5 f\Mfu.t.L. 

t, fOIt ASnH!LY SI"fCIFltATIOtI S[£ 3107254. 

1. raa. SClUHAHt sn 3107253. 

",n5.1 

po I40i SCALE DItAWlHC. ....... _ ,_u __ ...., lIST rw ..... TlItW. 

ROB 



-- - - "" --' : 

B Eel'( .313.35 ~ '~:I 
REVERSE: r- CRI6 C ECN 4-828 ~~,~ :/4,~' 

SINGLE SHOT ~o £,:'< AP~ dO ~ . . 
RET\!RN E: £CN 5005 ~ 

.J?t:/u. 
f~ FORWARD CRIT £CNS021 ~~~ SINGLE SHOT Z.I 

G ECN 50<1-8 --". %./.::.: . , RETURN .... 

. TP3 H ECA/ 5080 4-- ;~" , . .1 

~~ jR43 J £CN 5148 -~,<e "j-',,';; ..,/./ .. f~: 

0 ~ 

R2' -
10K tJ 

34 TP4 
:tIO-'o 35 OR CLOCK 

fl2V +IZV "'lY "'lY +12V+t2V +I2V +IZV -IlV -I2V -I2Y -IlV -I2V - 6V.-12V -tN -l2:V OUTPUT H 

lCII 

>-----
~4 1\1 

"'! 
R20 R22 A23 RZ4 R20 R30 R31 1\32 R35 R41 

!K 2 K· Y' ZOK 0 12K ~.TK 0 1.5. ~.4K 3K 10K 10K eR9 U'K CRI3 loSK 
:t19(, _I 'lEo ±IOM 

t~5l 30 
OATA 

tV OOTPuT(-) 
TPI )G3 ~ ~~q"-W ... OUT 14 

't! ~ 

0 '---RI DATA 
10K '>I, CI2 lli'B ~~ ..- 32 QUTPUT(.) 

TPZ. C9 ~o~ ~~ 
33pf 33pf 33pf -

12 I RII RI3 
~l,ts VA. OUT 1\2 *~~ 

50IIK 41 R28 R36 R40 
10K t1yo 6.ek 3 opr 6.8K 6.8K 

IN .J e tV al III ~ r-- _~)a5 tV' )a8 IV alo QII> 
IV )a12 ~ al3 QI4 ~ tV (ll5 

C4 ~ P' r~ R21 \1!) CRO 'l!:: <!!Y \l!:, 
I 12K 10K 
35V RIl RI4 RI6 
t20% R' R8 :!,IIK 47 ~.~~ 0-

~ ~ :10/0 

H;-if- V )0.4 

~ ~ )Q9 ~ .~ ~ ~ en C1 \I:::::, 
1\0 ~) 0 1\9 C201 CI6 CRI4 
9" 931 

CRI T 0 
100pf CRI2 

I 
::;1% 1.1% ,-- >-- f-1i 

CIO -6V R2~ ! I R3 RIO R" ~o 1 RI9 RZ7 R34 R3T R38 R39 1\42 
UK 2-ZK .0047 '" 12" 51>2>( 47. 47< 

CRa to 6.8. 68K 56K 50t< Ct9 IK 
C5 r 'OOV 

c~:! !:I% CR3 
100pf 

I "0% t 35Y ~ ~ -:: -:: -:: '" .,. .,. .,. 
tZO% -611 -1211 -f:1V +IZV -611 -12V -1211 -12V -611 +1211 +-12'1 -611 -bY -6V "'2V ,'ZV 

IN -2 10 • I 
CLIPPING I> BIAS 

Oz:Kf:sNr~ 26 

AZ"i:5E '\1~) ~4 
,'2V f)C I 

-12v DC 4 ~ VERSION TABLE 

-6V De 3 
CZ + 15 COMPONENT· FUNCTION 

COMPONENT 
ASSEMBLY USED ON 

J¥ ·5 • TZOY R4~ RZ3 R5 1\ RS C6& e7 Cit CI3 e20 

PS { :~ f~£V t 
;~OV iZO% 

1 
2K :!5'.Yo·14W 110ft ± 5% i 4W r5UF -+20°0 zov 37.5 150les .022UF 3511 ±IO% 910PF 10011 -+2')1 410PF 30OJ~5% 3118/35-01 TM 12213 READ RE'i t20% GROUND f_O% ITR~~"STOR 7NSIS~ IOK+S%d 4W IIO.n.+ 50/o 1/4W 15UF±20% 20V 36 IPS .o47UF 35V±:tQ'% ISOQ PF 200\1 :tzo,:o l800 P F. IOOV ±1CT'fc 3109932-10 TM7211,READ RE 

'- MBflL "" PI.C _ti . 2K '"t5% '4W 4 '.Qfl-~5~~~Ht~j'/20% 20V " I,PS .022 JJr 35Y ± iO~ 910PF IOOVi2, 2 OPF,5CCV1~ 3109935-10 TM4211. ~EAO RE 
o._~~ ~.2l~~<L- I'OK !I Of. 2K T50A:d 4W '20.4 t 510 14W I F±2O% 20V 112.~-'!}q1.£?: ~_UF. 3~V±IO <> 560 PF 300V 1:2 270 PF 500V±5 31099:36-10 l'MI/21IoREAO ~E G3 3201117-10 
0. ~ ·32120ga-=Ti5 IOK:!:5'1'ot!4 W I Ion ±5%IJ4W 70UF+~50~o 15V 10-100 IPS .47L'F,35V ±lo.% .0IU., 100V 21d;'. ,.o04?UF, \OOV!Q 3116107-10 TM7293 READ RE~ 
07 -,'2(51!00:[0 ~ 

fu"I3-I3TolloT-IO IOKt5r. I/4f1 JlO.a. ±5".,I",W 15UF tao~ aov JOIP5 1 tIIlCH .O.47lJF 35V .• tlOi. .00<1 ~F. aoov.11" 1600 PF. 100 v .. ±IO~ 3"8154~01 TM 92.4-1 READ RtV, 

~i11}J5 .ikJ 209'-=-'-0 "-OK ~IO~o (OK "!5/'. 1/4W , lOlL ! 5/o,1/AW 15').)F:!:20i"4,2.0V 10/ZO IP'G .lj.JF ,3SV. !.5/~'.OO47)JF2o_0".!1"1<> 3300PF,IOO'-l t 5 % 3I1BJ98-0! TM 729~ 

m SEE 
00 !!lOT IeAll Ia,A"",_ 

[fg0~iJ7:.~ I A\lPEX I AMPD< COMP\Il'£R PROOOCTS ~AHY [RJ VERSION TABLE_ VIIl.lU {l1l<UII'U V!.t"~. ... ~ lUlL N..'IQ em, CAl~ I ,. CQ3 THI<U CI<11 TO BE 326C10H-10. I'H .... 'f(;.U 
I)t.C""."..s· HIOI.U mu .. CRI ANO eR2 TO BE 32(3)28-10. n", JIll t '0: ~,,~~ /.,. ~~...... "....... ~" .' SCHEMATIC .~~MAU.·_("''''U''''''-'.ftt 

1. ALL RE51STOR VALUES ARE lil OH"'S, .l/4W, t5%. t'"I<~[N<O.Ir\.I"',.;.I.~"", ~,)" ~";:-' ........ vJ.-

2- ALL CAPACITOR VALUES ARI' IN MICROFAAAOS, tI0%,500'l. ~"g·II»':-:.,::\IItl)f ~-i??W -~.~.- th. READ DESKEW, 
I. 'OR ASSEMBLY SEE VERSION TABLE. :><:: ~~rh~~ 81- DIRECT ION 

JitOTtl: UNllU otHU'I\'l.$I: anClflEO 
0fTW1( ~- .?,J 

--"'10 C310 9930 Jj 
..nfoQT. I!\l uam QIII :::>< ~~- ICALfNQN[ $HUT·IOFt 

ROC 



TABU: I 
81M REFERENCE: TABLE: 

,I55EMBLY FVNCTION PART A PARrB R4Rr C PART 0 PART£: PART F PARTG PARTH 
(J.J7-990 , O-l-I-7.J~ 

.JIO!J!J35-IO 75 IPS 3101tN'-10 320052.-10 4;;17-()()4 035-839 034-:319 034-;78 1737-9917 041-42/' 
037-990 0-1./-,396 

037-178 041-73;; 

Jltd/S4 -0/ JOIN / liNCH JI070/6-/0 3200526-10460-004 On-;!7J ,OJ5-S!0 055-IU,> 037-590 041-736 
3f~,8- 01 10/20 IPS ".3/07046-103200526·/04'0-004 037-453 035--422 055-/2..B 037-990 04./-7.)6 

PARToT 

o 

I7J-O/Z 

RESI5TCRP[j"1 
PART K b:.:A 

3111~51-IO 

.- €~N /I'C-~ P~O • 

e £CN 4-392 
PARTol PAR1 K e ",CN ~75S" 

04/-408 0-44-1.97 0 E:GN -"~ZIJ 

O.,-~'O 044-191 £: £c,v 4980 
041-5,,0 044-/91 F ECN 5005 

04/~40tJ 04.4-/'37 G EeN so~1 

04/-6(,0 044 - {97 H ECN 5048 

04/-408 044· 197 EC o~O 

041-408 044· 313 
K EeN 5148 

PART NO. 
32.0nOO.IO 

Rt:F"£RENCf. OE.'!UGoNA1'lON 

01 
~&.9.13 

'Qt,1.,G 
-QIO,II,('t,14,15 

Q5 

P"R.T E 
03~-'i~O 

041-408 

04(-410 

C10 
([ 2 3 Eo7 

"-12 31 J.2 33 

RIS 4t 

3201104- to 
32i2091.10 
3m09Z-IO 
3l1Z09B-1O 
32.0111"7-=--10-
~ZG"i"024-IO 
326~OZB-tO 

~~~~~RU-CA~'7~------~~~-+~:~:~:'~"~--------~ 
034~417 

O?4.491 

034 ~49'!. 
PA.RT D 
041-414 

PART K 

CRt, CR2 
ClIi:J.CI9 
CI4,C\7,CI8 

C12,Cl5 
CI-I 

R'3,R!O 

R4> 

~ 'PI II CONNECTOR PHC I'. 'PI ~ 'lit-ft. 

@ SEAl. 'II.tNTED CII\CUIT SIDE ONLY WITH HI.IMI-UAl 
TYP[ 11'S, COllJfo\8lA HOi. COAP Ott EQUIVALENT, 

041-519 

041 -550 

1141-570 

037-994 

11.13,14 

,,:6 1(1,21 

11.38.39 

'" '" C8.9,4,5 

"5,8 
04]- 2'i1 RI9 

'4'-0<'2 11.4," 

IU1,12 

C,", C.1 

[i] I~$TALL PA.RTS " THRU K PER T.A.aL£ 1. 

~ TlltiMPOT "lei 'TO I( !»U8""'ER(i£D IN WA.'TU\. 

e!) ~~~S~~~;3:~' AND ",,,,,,E"LAft IlUO"",,TI(Krt "EII. 

I. ,,,,,, NO_ TO 8E AS SHOWN ON TABLE. 

1 HEAyy liNE ON DIODE -INDICATES ~THOO[. 

G. PLOS S!'G~ 0fiI tA'AClfOll; iNDICATES POSITIVE 

S. COMPONENT O[SIGkATIONS ARE FO" RUEttENC[ OItLY. 

(!) CIRCUITRY ON FU;$IDf. 

3. ASHI4ILr PU *HVrAC'U_IHG PIlACTICts P\t./ilUAl. 

a. fOlt ASstl'l81~ SPEClflCArlO/l! U[ 31072S4. 

rOil; SCHEH.f.TIC S[[ .Y09P.JO. 

HOTESI 

IC.AI.E?.-I 
3/cJ9933 K 

ROC 



...-.... ~~ "'""""" om -. A £CN 80Q-54- OO<I'!IO.{£lI'1!I 8-,,-
B EeN 911a 500 .'1.d- f~.v- ..., 

+ Z4V - bY -llY C ECN 911· 25 ,r'~ 
D £CW 91f-AIl. PROD. I aut;. J'" ~ 

r- E EC.I.J 4Q97 ~~-"" 
R~ Re F ECAI 4-~9( 

b __ < c;." .... ~s L;..,~ +Z4V 16 IH 75 G £CN 4803 Y<.;J ~:Yr"S iL:f..~ R46 R3 '/2W 
/4 EO/ 4'982 L£. '){,k .$. V 10K 10K 

CRlg 
~ Ril 

v ECW 4995 _LI!. f'lr4t ,~ 

,:: '"~,'" 
K. £CN5/28 ;l<. -" 0/18/'" ~"--12V L ECNSI47 W-" fri, ./>/,. ~(-.. ~I~~ 

~\45 

tV 
Fl4T 

( 
M Cc..N 51<09 ~""" "It./ ... V.---?-!.9K 4;3K RIO 

RUN(-) 20 Ql DyRI 500 Q4 
R44 QI3 lN746A 

10K 32/2096-1 

+12V -OV -bV 

-12Y -6Y R6 

100 

1e4 r-tV' I.' RII wRITE. PEP.M1 
WRI T£ PERMiTl-) Z8 QI 3K 10047 

30 ruTPUT RI 3212098 -10 100Y 
3.9K R2 R7 -=-10K 13K 

CUP LEVEL 
32 OUTPUT(~) 

!t.l RI3 -IZY -bY -12v -6V 

r""" 
35 

~ 
18 TEST POINT 

-6V -'2Y --12'1 -12'1 -12'1 -12" +12" SELlCT 

-:ffwl READ 24 5TROBE(-;-) 
LO-llENSITY 34 1\43 R31 R33 R34 R35 R36 R38 ~R40 RI4 CRG 470K Z ... 10K 4.n G.BK 18.2K. 4.3K 3.6K 

~ 
11 % 

-12'1 -12V -1211 RE.AO 

. ~'" 12 REGISTER 
CRI2 CII 

"" '" "~ L.J RlSET (T) 
R21 RZ3 P.Z5 R2" CT cia 

If? @] (R13 3.6K f~3PF Cl3 -..I I-,.S~= I< 2.7K 10K 5.6K 33PF 33PF 

t--=f~ Q9 ~,QlO m '---- 3ZIZ09Z-IQ 3212092 Oil 
-10 

3201104-10. ~i'K -IZV -=- CRI5 -6Y ~ -=-Q6 
321Z092-10 " '";?- F~' CRIb CRI7 fl' C5 -=- (014 5tK 32630Z8-IO CRI 33PF tV 330P' CRe 510 

READ P~MIT (-) 12 Q1 )ae \l2W 

020 

"'''~":'H 
(6 eRg -=- -=- -bY -IZV 3263028-10 t!2V -6V -12V RI9 

~r- 'OR'CLOC~ 4.3K 14 
OR' CLOCK (-) 

CO2 4.T1I: -=- L- OUTPUT(~) 10 

tA7 t 1-, R28 CR1Q 032 TABLE I CONT. 3_3. -? C 03 tBK -=CR7 2A~ 3263028-10 15K tRIl 

~W r- ASSEMBLY USED ON FUNCTION 
COMPONENTS 

lR'2 i R29 R~O -= (8 RI3 RI4 (II 
+12V 56K ~CR4 +12V +12" 1.2K _100 + IZ" 3118218-01 TM-12211 150 IPS IOOOPF: 1"5% l00V 10K 20K ISOPF,!I% 500'1 + 12'1 I 

(I 1~"13· -6" 3 +12v -12'1 -

-11" 4 

P.S. GRO { 511 T " 15 -15 
TABLE I 20" +I2OV~2OV 

t 200/. 200/. '" z0'10 
ASSr.MBLY 

;fJMP( NEN ~ USED ON FlJNC liON 8 HI.) RI4 'II 
rid SEE TABLE I. 3113312 TM-i II 36 1 PS b 7QOPF:~;OOv 10K ,OK 9H)~Ei5~ )Oy 
5, ALL OIODlS TO Bl 3263024 -10 3107057 TM-i"I-12 :,,'; I ~S c/OOW -+2r. ' 0.1\ <OK 1'~~rltg v ---4-ii"H6 \~ ~¥,t--m&(i* +~ ~K m'i DO II0T ICAlf D!lAWIltI 

[=F:~~~l~~g:~;~~;:§::j IA\iPciJ AMP'" COMPIJT£R PRODUCTS COMPANY [KJ 4 All n~ANS!:"HA-\S TO BE. 320! 100 10 j 109994 c !"~OO V 20K '!IOI \/IIUq Qrtlu .. " antlfllD tnl' JUnIlSOfil Ilvo, C\JI..YDI crN. (ALIfOlltlllo f 
,i? .z~~ 

10l~AAHCU 

3. ALL Rfl.SI5TO~ ",ALVlS ARE. IN OH:'ol5, 1j4W,±5 0/o. -t1-bQ? '7\ TM II II I )K 20K I PF1I~ ~~-:.c~;~~:s .,Z~: 

'1~ 
mu 

TM 721 10K 1'1 V SCHEMATIC-2. ALL CAPACITOR VAl.f .. E.5 ARE. IN MIC~CfARADS, 3 i"'41 OF 213 ;~ :'~~ . ~~~~~(;>'lS80 "i.'PI 0"(:' I~()PF-' It V 
~"~lu.o;,~ ~I'f""t COOIIO ~~., d· 
1IOI4t''<I~$~'''-l¥AC'H"lD 

,~- . ~~:f 500V. rlO'4, J!I'l 7 TM 7L1 1 K K I .'/. OOV Wftt-.-cU'UMIl.l'I).lf 

-~J! "" STROBE GENERATOR 
3/16102 IN\'i'r?6~'Tr 7_51PS ,b33<2~.2JOV 10K 20K 620PF!5X,~ 

"""-1'01' .... ::.... . _dd _-;- ~?, 1- FOR ASSFMBLY SEE TABLE. C'J RESET PULSE B.O",_ WII:rt: 
ON 3t1331Z; _4JJ...0_L~_~ ___ ,,!H~ ~\;'4i- :)U.!P~-,~ ~/(\OI:£-l?i7..7Q(l'J .i.pt< )U;:/lHJ\.Kl~ .. lqov COD(,ot. .. l wo. .,n 

-~ F {~OK 
5e.l: ... N<m:S: Ui.,H .. ESS. OTI-\ERW'\~E ~PE" FI\oC 4.5/-" WIDE ON 3116102 -}-'-lJliLj __ -r.M,cl.?~3 \91/01£'~ ,O.l-l.~ 1.-'".lgojl- .U",P[ OPEN ;?Q~t_~~ 3C)Q\ ".~ 0 3107058 

L.}118Ie9-D1 Dl ~~.AS~~~Pf~2X,2o(;'1iUM~R OPEN ISO :!:I/'.,WV 
.. ,,"",. IJ;'".,~ 

"""-', .. SCALt NONE. ~E£l' rOF'1 

SGA 



310105"-10 ______ 

~Z0052&-IC> ~ 

TAB E I 

460-004 
2. PLACES 

@:jPART'C' 

3109"'''-10 

0 

~I0932.0-60 

~180-<>52 

TYPICAL TRAN5.IS7aR INSTALLATION 

PART HO; !I;[HR,[NCE DESIGMATIONS 

G4j-SO:! au 
041·501 ... 
0-41 4 511 

" 4 
04'-512 R·U 
04'-516 .. 
04'-519 au 31 

04'-5.49 

041-550 '" 0<11-571 "9 
Q,41-570 '" 041-511 . "0 
041-513 

R10,36 47 

0"1- .. " '" 04;t-SOJ '" PART C. .13 
04.4-202. A9,10 

PART 0 ". 
'·S/. ". (141- 440 R~'").41 

04.1-'10q R'" 

"":-------

- "'"- "''' A 
B 

{. 

0 

I: 
F 
G 

£eN 911"-AI< PkOA , 
ECN 3849 w.. 
/J'IJ 4097 
£CN-:iSO}--- .JJ. ;..J. 

F·('M '011982 

EeN 51";!' 
ECN 7003 £. K~/./J' "0' " ~ : 

J:~~~~ ~,'l~!:-~~ENCE O!SIGNATIOHS 

3,1,01104-10 Qil 

3.1:12092·10 Q6,1,9,~O,ft 

32'12.098-10 QI j 1) 

326302.4-1"0 CRI THRtJ 8, CIlII THlW 15, tll11,IS,Ii 

263028-10 eR9,10,-IS -= pARrA '" " OJ4-4-" 

034-493 
(5,7 ,10,11,13 

" '" 
Cl 2. J 

P.ifKT8 
035-989 

037-990 

041-401 

041-408 

041-410 

0"'-412. 

1\2 J 2S 33 « ~ 

041-415 

0"-"36 
041"-442 R2"' 

fi3l '''''TAU- f'Cl<. T,IIo,ou:. I. 
11 SE.Al PRINTED cUlcun SlOt ONLY ..,llH HUHI-StAl 

T'(P[ 1115, COLUMBIA lEG!. C""P •• oa. EQUIY. 

~ TIl\MPOTS IIOT TO IE SUBMEfl.GED 1M ""TEfl.. 

rn MARIC. PUT NO. AND ItAMEPL,ATE IMfORMATIOil '[It 
M-IL-S;n-130. 

I. ,,,IT "0. Ta IE A~ ~HOWlJ' ou W ...... 
7. HEAYY LIN" ON DtOO! 'MOICATn CATHODE .. 

6. PLUS SIGII ON CUACITOA 'MDICAT[S I'OSITl'tf. 

S, CCJt(I'OHENT DESI~TlONS ARE fOft U,EA[MC[ DIlLY. 

~ CIRCUITRY'OM: fUSIDE. 

3, ASSEMBLE PER MAMUfACTUI\!NG 'MCTle[ ""IIUAl. 

12:. FOIt .... SSEHtLY SPECIFICATION $[[ 11010Sg. 

I. fOR SQ;EKIoHC. S[f 31070se. 

3107Z7G G 

SGA 



'HPUTBU,F~~" 12~--------------·--------------------------------------------------" 

O~SKEW SELECT 2T 

INPUT BUfFER"Z I~ 

READ P£RMIT(-) 9 

-12" 

HI/LO OE~51TV(-M 25 

r IS 
OUTPUT 
DRIVER 112 19 

-24\1 35 

+12V I 

-12V 4 

-6\1 3 
(4 
15 

GRO{ 6 

+12V 

R5 
12K 

R4 
470 

CR3 

-12\1 -l2\1 

-24\1 

- b\l -6\1 -12\1 -12V 

+12v 

R23 
10K 

!=tIl 
3.3K 

RII 
CRT 7.5K 

- 6v 

+1211 

RI3 
4.1K 

Rt4 

-6V 

-12\1 

1\15 
2.7K 

+---~-----f15 II'tPUT BUFFER.' OUTPUT 

06 
3212092-10 

'-----------------------------------------------_131 OESKEW SELECT OUTPUT '" (-) 

'-------------------------------------------j32 AMPLIFI ER SELECT OUTPUT" I (-) 

,-----------------------------------------------__fZ9 DESKEw SELECT OUTPUT jOZ (-) 

r-----------------------~-------_133 AMPLIFIER SELECT OUTPUT .. 2. (_) 

CR5 

(2 

1·00.41 lOov 
::tIOo/Q 

+IZ\I 

RIS 
4.7K 

-6" -6\1 

-12\1 

+--~-----__f'6 INPUT BUfFER.ZOUTPUT 
as 
3212092·10 

t--~~--------------------------------------------------------~-----------__f'O READ PERMITOUTPUTC-) 

CRII 

-6" 

.[[ u: 35\1 

-12V -f:,v 

A2B 
15K 

CRI4 

CAIS 

r---------------------------------i23 K I-DENSI TV OUT PUT(- ) 
-Z4\1 

R30 
S.15l\ 

-6\1 

-121.1 

CRI6 
--4f--
R33 
22K 

-+ 1211 

...-----------1ZI LO-DENSITY OUTPUT 
al3 
3201/04-10 

-12V _12V 

f\~~ 
12~ 
±~Q/o 
3" 

QI~ 
3212092-10 

OUTPUT 
'--->If---4--------iIT DRIVE '" 

OUTPUT 

31HI~7 TM-1211 

3111158 

S. All D'00(5 TO 8£ !O2~l024 -iO. 

4, ALL TAANSI~TOIfS TO IE 3212081-10. 

!. ALL RESISlOR VALUES ARE IN OHMS :!:~%,I/4\1f. 

2 ALL c",pA. ... nOA V~lU[S ARE IN MICRO~"R.AOC;t.20·J",lOV. 

I fOR A'i>SHt8l'l' SH lllll'H. 

NOT~S :U"'lf'>~ OlHI RWI~[ ~PfCIFlfD 

SCHEMATIC -

SELECT LOGIC-B 

o 3111158 A 
!Ul( NON"E 5><lH I Of I 

S LB 



.,3109(;'91-10 [!] 

.:31111$<;-10 
3107109-70 

2~O-O""~ I 
gZaO-o51! 

TYPICAL. TRANSISTOR INSTALLATION 

·111 unD 01'1 

0)5·9811 1;1 t1 

1--'"""-,-,,,09"''--1--"--
f-'0""C:-'''''-O _-j __ ~~""''''''''-____ j 
0.41·~ ft)!.......:-ccc:-,,.,----1 
0.41·401 112 1\12.1117.11.21 112. 

0.41·4~ Itl) 

04 1-409 __ ~~!L_. 

l~""lZ ... _.......llL.~JII __ _ 

.q'!1-429._ R4~~~===3 Q.t~44l _J,!~~.~20 

0"1·48~ ~f!..a.!.10 

.~1~49S__ _ ~Z2..LIt.J_L' ------J 
p.tl-.S01 "!.6".""ecO ___ --':...--f 
04~Sll 

.9:4:! .. SL4 

" StAL '1l11OED ClkCUIT SIDE ONLY VITH H,"'-SEAL 
n,£ "IS tOLlM1A TECH, COfU", 011. £QU11fALElCr. 

[?] ~~$~~~13~?' AIIO lW1£nATl INfO,,*Tlo.. ,£Il 

•• 'AII.T NO. Ttl 1£ 3111151-10. 

,. 'LUS 51GM OM Cl'ACITOII. INOICAns '05ITIY.£. 

4. H[J.YY tUft 011 0100£ INDICA-US CATHODE. 

3. ASS£HlLE'[Ift PltOOUtTiOil !" ___ tTICES "'"OAL. 

2. f~ ASStMllT $1[ClrlQ.TIOIII SU 3111159. 

I. fOf. SCHD4ATlC S[[ 3111158. 

MOTES I 

3111157 
)U.I[ t! I 

A 

SLB 



PI 

~CRI C. @) 

-I2V -12V _12V -12V 

I R3 

I CR3 3.6K 
WRITEOATAH 121---t--..... H 

I CR4 CR7 

ST~~~l!~) II ~ 

DESKl~~(~lI9~R5 
I RS 

WRITE RE';ETITO ~~ _C-foIRI-S--*_-./'7'",5,...K_-. __ K 

I I 

1 

CRIO 

RIO 
20K 

fd12092-10 +12V 

eRg 

I 

R7 
18K 

~PB 
t39K 

IZV 

D.C, RESET (<-) 126 

:~I~~r~5 r-1----1:~~~~=~.-___ ------1 ........ 

-IZV 4 rrr i (2 C3 C4 
1.<, ; 15 <- 15 . 

:rt~~~o ~~'!20Y~~'<'2°%1-.o047 rl5 'zov + 20V !20V IOOV 

P.S.GPD "l6 
7 

- -~, - =1-

R9 RIO RII 
4,7K 10K 1.5K 

C6 
330P 

RI2 
2.4K 

CRI2 

RI3 
47K 

+12V 

ce 
33PF 

CRIS 

PI5 
47K 

+12V 

+12V 

+IOV 

R22 
125 
±I% 

~--------~----------~24ECHO 
OUTPUT 

R29 
5.IK 

4 ALoUTPUTS 

t--t>\--+--*-~-"""'~--"-!30 ef 

3W 

CR21 CR23 

+IOV 

R30 
125 

'±I% 
3W 

CI2 

(6J 

t ..... r DUtl"Tloa 

""aF' 3/11/";"; 
/, .,u:J1)£D A5"!?Y JI18I 'tt-tU 

717 TA8t.C.r. 

CH6'G' .,/27/ ...... 
f /N TAt!Jt.E r.: /1fIV .I/I'/l'I'-dl 
N-IfJIIBIZZ·oI. 
CHG 'H' 6/6/M: 

IN 7ABL.£ I; .Ass)' 31f8Z(-..)1 
C7 WAS '~OIIJF ::ffO~, 100i/

eNG :;-R20 
3,6K +12V +12V +12V +12V AD/)EO Jt!I'IPOi' .IN .... ". AI~TE 0. 

PoCUMEAlT,l/TI'<>II.I C~, ClVl Y. 

CRI6 

RI9 
18K 

-12V -6V 

R21 
fiSK 

tlO 

lOOP" 

I 
ell 

CPI7 IOOPF 

CRIB 

R24 
5.IK 

CR20 

R25 
470 
1/2W 

R27 
3.3K 

R2G 
2.4K 

-12V 

R23 
2.7K 

R2B 
10K,? 

+ 

R32 
3.3K 

R33 
470 
I/2W 

><35 
5.IK 

CR25 

R34 
2.4K 

-12V 

R31 
10K 

CR26 

CRI9 -12V-12V 

R36 
6SK 

REFERENCE 
LAST USED 

R36 

CR26 

CI2 
09 

DESIGN A TlON 
DELETED 
R5 

3112345 

m JUMPER ro BE USED ON ASSEMBLY 3112363-10, 
3109572-10 ¢. 3110002-10. 

C§] SEE TABLE r 
5. ALL TP.ANSISTORS TO 8E 3201104-10. 

4. ALL DIOD!,:S TO BE 326.3024-10. 

3. ALL RESISTOR VALUES ARE IN OHMS, V41'('S%, 

2. ALL CAPACITOR VALUES ARE IN MICROFARADS. 
tIO%.500V. 

I. FOP. ASSEMBLY SEE TABLE 1. 
NOTES: UNLESS OTHERWISE SPECIFIED 

D 3i!2345 
'.con NONE I Of I 

J 

WAS 



I':':"l DIODE 
l.!J.,j(PART II) 

32005Zr,-/ 

3I1a:!>4:!>-IO 

CAPACITOR fj\I 
(PART A) \.C:J 

TYPICAL TRANSISTOR INSTALLATION 

TABLE: r 
BIM RE.FEReNCE TABLE: 

ASSEMBe'( PART A PART B PART C PART D PART E. 
,,1I2?,6?,-10 033-147 NOT USED NOT USED NOT u~ED NoT USED 
:'109572-10 0:>4- ;'5" NOT USED NOT USED NOT USED NOT USED 

3110002-10 0:;4- 228 NCT USED NOT ,USED No USED NOT USED 
,111.>64-10 033- 147 'o263OZS-10 ,263028-10 044 -197 NOT USED 

3112344-10 0~4·38b :l2630ze,'10 }26:l018-IO 044- :97 NOT USED 

3112365'10 034·22B 3203D28-10 32"301B-10 044- 197 NoT USED 

.1113131-10 

'3tf8t2i -0 I 
035-509 32,,3028'10 32G.1028·10 044-197 ,,0ruSEO 

035· '3~~ 3z~30z8~iQ[z~tQ-4T-i9T i:GrusED 

31091091-10 

t'@}. 

RESIl;"TO~f7Vii' 
(PAR"T D)~ 

11:!>-OI2. 

PART NO. 
041- 442 

041- 44:3 
041-511 
04'-520 
041-571 
041-550 
041-561 

041'570 
041- 571 
0.41.., 50B 
04t- 4,15 

044-19, 
047 -:,40 
PART C 
PAR; D 
PART E: 

REFERENCE 

A~SEMBL.'f 

<;;Pt:.c \ f'ICA1iOI-l. 

:'112,410 

3\13154 

3113100.4 

RE.~ERENCE DE5IGNA.TION 
R23 

R8 
RIB 
RS 

R3'1 R4- R20 
"-110 
R24 R29 R35 
Ria R210 R34-
R2Q 

R" 
R21,R3<' 

R2. 
R22 R30 
C.R2 
RI 
C IZ 

H ECN 45-2.2. 

J ECN "1'795 
K £CN50B4 
L ECN SISI 

PART NO. REFERENCE~CE DE"-'GNAT ION 
3201104-10 Q5 Q7,08 
.212051- 10 Q6,Q9 

3212092 - 10 QI Q2,Q"Q4 
n63024- 10 CR3 T~Ru C.R2.6 

PAR. B CRI 
PART A 07 
0:>4-417 C1O,CII 

034·491 C8 C9 
034 - 493 CIO 
035 - 9B9 C4-
037"- 990 ell C2JC:~ 

041- ~36 R25,R'3 
041- 407 R2.7 R'3Z 

041- 408 Rl'O RI7 R28 R31 

041- 411 R13,R1S 

041-412 R9 
041-4113 RI4 
041-430 RII 
04.1-4.3~ R19,R7 

trn INSTALl R2 2 ~ R 30 PER PRODUCTION 
PRACTICES MANUAL, SE.CTION "7 HEZ-S. 
FI(ioURE. 10, HIGH WATTAGE -RE5ISTOR SPA.CING .. 

@] INSTALL JUMPE~ ONLY ON AS5Et-1BL1' 
"JI2:~"3 -10,3109572-10'" "" 0 00 Z - 10_ 

3112347 @J INS TAL.L PARTS A,B,e,O, E PER TABeE r. 
~ MARK PART NO.& NAMEPLATE INFORMA-riON PER MIL-STD'I3Q 

9. pART NO. TO BE AS SHOW N ON TA"'LI!; I. 

B. SEAe PRINTED CIRCUiT S'DE ON~1 WITH HUMI- SEAL 
TYPE IB'S COLUMBIA TECH. CORP. OR EQU'v. 

IT! TRIMP01S NOT TO BE. SUBME.RGE.D IN WATER. 

10. PLUS SIGN ON CAPAC.lTOR INDICATES POSITIve:. 

5. ~EA'V'f' LINE ON DIODE INDICATE.S CAn-WDE. 

4. COMPONE.NT DESIGNATIONS ARE FOR REFERENCe. ONe'(. 

3. ASSEMBLE PER PRODUCTION PRACTICES MANUAL.. 

Z. FOR ASS,,- SPECIFICATION SEE TABLE 

I. FOR~CHEMA.TIC SEE 311l345. 

NorES: 

3112347 L 
lor I 

WAS 



('- -- ~~ .... ,- ~'" ~~ 

I 
25 COMMO" 

A leN "}tI--I7 DEV PRO(XA~ CH ~_"1:J'1 t:~ ,-cr,-. 
+121,1 +12V -12V KI 4 B [eN 911-AL PROD.- At'ty"h~' '-"07. 

~ 
2~ NORMALLY C.LOSED 

~ EC "l ~542 ,,("T~;~ 1<7 22 NORMALLY OPEN D Ec:...."-l 4 ~1'l 
R3 ell3 950 ",,9 e: .. eN 4-551 J i4i-J ... Y n ,,]:2V 3.9K 3263028-10 3W 

i ~~ 100 

33 ER.ASE HE.AO r C6t 4993 1&...£ .YAy..,; .;,;" .. '=' ±3?o 
r--

~. 
(I 

5 CR9 :!:11l/O 

F 
28 

} + 10V OUTPU T 

, 
C~I I 4~3ZG302e",0 3W INPUT "'j 19 m-] R4 35V ilO% 29 

750, I .. :. I RI V2W ~: 3ZIZ0~ 30 

·Z 
4 .. 7K ..LV 

\t!; ~~20BO-10 Q4 
6 INPUT 20 --ill- QI 

~ ;; 
eR5 

326.3028....JO 
R2 R5 R6 CR4 
13K 7.'5K 700 326302B-10 

!l2W 3W 
±3% ~2:!: C3 

=- -= .00'tl 6'1 IOOV 35V -12V -6V +24V +241,1 +12V ±IO 
FILE PROTECTC-r) 24 
FILE PROTECT (-1 26 

-241,1 

l' 
16 HIGH DENSITY 

~ -Z4V OUTPUT C-) 

RIO RI4 17 LOW OENSITY 
5.6K RII 5.6K RI5 OUTPUT (-) 

B,2K 8.2 K 
OB 

~ 
Q6 

~ 3201104-10 3201J04-10 
RI2 ,j1r4 '" Iv 

HVLO DENSITY II Q5 aT CRT 
lNPUTC-/~)! 320110010 i 3201100-10 

I 
1<9 RI3 

I 
7.51< 15K 

-12V -6v -J2V ~6v -12v -12v 

+12Y 

RIB 
Z.ZK 

9 READ PERMtT(+) 

3.~1~ tv Lv r 3107128 
REAO PfR\lIT(-) 12 Q9 

I 
iR'T~ CQ8 
rllK ASSIGNED 

PIN NUMaEQS 
t = (REF ONLY) S. ALL "ISISTOk YAlUU UI III CItd.t 51:, 1/4 w. 

(I' b -12Y -6V 

~ .. ~ .. ALL c;AI"ACI'fOI;, VAlU[$ AU III ""PAMDS ± J~. 20 v • o 000 

fl2V'\.' 34, J 0'~ ,. Al..l 'IOD[$ 10 It )2,63024·10. 

,. ALL TIl,AMSIHOH TO I[ 3Z!2ote .. IO. }5 
L FOR A.SSEt'lalY $([ ~01lZ1_A/IID 31.7~ ••• BLUE BEAD +24V 32 10TU. UJtLUS OTHlIWIS( SI"[tI1lrD-. 

-24V 14 
I j --6V 3 

"~::{~R 
1 I J .. 

I~i' \54: c61 01 (8, 

PS "r b"T 6"T I"J DO Mot SCAlf I)!II:A'II""11 

~~5~;17~~:.~?~1hl§:;~ lA.llPii) AMPEX COMi'ImR PRODUCTS COMP""Y [H] 
UllI.tu g'"IR.'H ~u,,'u --- ttJ1,IUT[Jt5(JNiIi..'oO. ttIlYDItl1'r,CAUI'OIIIoIlA I 

35V T 

:§~;:~~~f::' 
3,v 

1 i~'~1i~'-:--8~; 
l<fU 

SCHEMATiC-
OT~lru.rlllHU) 

(IOGR_ ..-~ 'ViA: WRITE POWER GATE. 
~"~f 'U "'ll-5TD-l' 

,~ '~F"" UNSHARED 
~':------- O£T~N,~~1i.. - 11-

"1072408 r;Y-7,F,// - ,~~ ~ I D ,-3107128 IF 3107\27 HI-rell 

"=---------
1'ftX1~'Y. L,rUn:l~ 

.IH'l-1U,TlOIi !.I.ALf: \JON£: ~n \ o~ \ 

WPD 



03 

CO..vN~XTO.R 
~RT a 

TYPICAL TRANSISTOIi< IA/STALLATIO!./ 

/.t:.'Z 

~ 3/00312-10 

3107339-10 

o 

3107/2'!'!J-~ 

REFeRENCE: 

"D~ .... y 

C I ,- No 1 _, I~ 

1= ECI',i -4-551 
(; ECN 708Z 

PAI!.T NO. 

3201100-10 

llOll04-IO 

AEFE~Hc[ OESIGH.ATION$ 

QS.1 

3212080-10 
nllQ!!)- 10 

11120'i!6-IO 

3263"024-10 

3263026-10 

03S-9U 

031-095 

037-265 

0:",8 

,4 
QI,2,9 

Ckl ,l,b 7,_ 

C"~.4-,S 9' 

CI 
037-990 C4 5 I; 

f-~~~:;;-:':"::6~O;:--+-~.· , 
041-407 ::'------'---1 
0·'1-4.1~ Rr& 
041-409 1113 

0.011-412 

~8+~ 
041-520 

041~S.ol!! 

041-148 

0.017-.0108 

0.017-631 

010-233 

o 1·764 

.. 
"11 1.5 

RIO, 14 

"316 

." ,. ., 

." •• ., 
"' RI9 

3107272 

CD) RIYfT, PUT C uno CfUY WITH 3200526-10. 

to. .... AT NO. TO at-AS SHO'ItN 11t-IILL f1f WoTU,IAL. o ~u 'AlIT NO, 4140 $ERIAL Ntl. P[R MIL-5TD~I-3C. 

'0 SEAL 'RINHD CIRCUIT SIO[ ONLY WITH HUHI-S[.lL 
TYPE illS COlUHIIIA TECH. CORP., 01\ [QUIYAL[IIlT. 

7. !"lUS S-ltiN ON UP"CITOfl INOIUTtS POSITlY(. 

O. CCMPOM[NT DESUiMATIOMS AII( ro~ I!.(HIUNC[ DtCLY. 

S. "SSUtIlLE 1'[- MANUfACTUAIIU' 'MCTICES MANUAL. o tIACUITII.'( OM r"A SIDE. 

1. HU'I''( LIME ON D!OD( INDICATES UTHOOE. 

2. rOR ASS(~LY p[ClrICATION $[[ 31071%1 

I. lOR SCHEMATIC SEt 31011211. 

31072'72 G 

WPD 



I.!.s; 
~ 0 § 

~ ~ . 
. 0 

I--i 

VJ 
...... 
...... 
I\) 

~ 
" U! 
t) 

~" 

./5 
,.-

I NRITl: TRA<!K .lC-) 

I!I GRO 

5· WRITE "J7e4<'K5~)Z t. 
'!jGRO 

22: 

r 



~------------------------------------------------------------~------~----~------------,~ ~J ~ r --.., HEAD 6RD ~ 
9 I 

.. 0:: ~ 
I ~ 

_.2 I 30 .... 1- ~ Jt;.-
It ~ 24- -32 ~.READ 77e4C'1< .1 5 I?A"'5 ..- 10 -~---- 1 

12 28 322 ,.::.J.l. ,eo ~ ~ eo 1/ BB 70 

I 
I 
I 

2a 

~:>£ IT.' L4. 
I 

:33 

I 

~ 
14 

t 
I 

4) 

f4. 

25 

r 
I ::iH/££.Ll >K'D 

l' J a" J¢ 

tl ~ 
10 133 > • ,../ff4. 

30 rN P 

* "~5:-t~ f 28 /::?z 
r 

o I~ 
-p 

'. 

2Q A2 ~ A2 :READ 'N-; .§:!f£..IJI -: TR'AC'k' ) ':!IIT~ 
I.L.....- ........ [3'0 ~/Z ..... 

__ '---132 
~.c.40 TMC/( '.! 10 - - 2. ~'RO~ ~RO . 8813 ~ -~ A3 . ~A3 

>&L.....-
..RDID TRAcK U-) 'J'JlT;, 

L-,..... 90 

--~~ "":--"'::;'17 '-"-

~RD~ 
- ~ ROtD TMr;'K:J ~- --~..eD B ~5 3 

f--
A4 ~ ,114 Igc,.fOn?A(,K3~' ~f3 

'" L-,..... ~0-·'.fI(T,5 ~.!-L---

.P,~ 
"--1.32 d: ~EAD 7,e.,CK4 t 71~~> ..- I ... 10 -- -- --I--

3 /0 //4> ~RP~ f--~RD 
. I. 613 20 

I 
I 
I 

~ 

EC 
I 
I 

f'" 

d: 2 

I 
:3 

I 
I 
I 
I 8 

1 

I 
8 

1 
I 
I 

29 

I 
I 

0: 
I 
I 
I 

21 

I 
I 31 

I 
I 
I t I 
I 
I 
I 
I ~ 
I " 

I 
I 
I 
1 1 . I 

. I 

I 
I 
I 

f I 
I 
I , 
I 
I -l I 
I 

"r 

1A5 
~ 

30 ........... 24 t . L---

'.1'\_ 

R~::> T . 10. --
28/'22 f-,-:::zI; RDt2a 

~A~ 
:&L....,.;.... 

7? a .... .;.(¢ :1 p, 

10~1> -l 10 --
7';;:' 21 RP Mi 

~ 

...,~A7 
IE. 

30~4 l' L.....-

• .1'1_ 

Z8~-' It') _ 

~RD~ 
AB 

~ 
8" 14 l' L--

o~ 

;W>~ io .--
10 13"'/~ ~RO~ 

A9 

~'L-;.. 

.?4J...1 '.' ~r4 . >'1_ 

~"5' .- 10 --
'2 a .. ./'l2'Z' ~RD[.z,2 

~A.5 
lPE"AD7ie'fC'K4c-) oJ'HT;; 
30 

.-:-- 32 1~e4D TRA~K G . -- --~.RD ::; 151.3 22' 
~ 

~ A~ tREAD n:!4C'1< sc,-) ~ IS. 
L....-... 30' .J1ff.:J .JiiEQ I", 

) 

r-- 32 ' ~R&fD 77?A:"K ~ -- :"~gO 
, 

19.2.7 

~ ,g karAD.·77?AC'K"<$(-) $!L 7 
. ~'rr3 

~ ,--:;fa 18 

r-32 ~R£AO 77i!)4cK7 f7 -- --~gD i3 -
~ 5 29 SHleL.D 

~iA8 tREAD"7::f'AC"K 7(-]" 
GRD-

(?] L-- 30' JWr3 

r-- !rZ ~ REAl> T£4t:'KS -- --~. . 
~ ,?O ,1314: _~ 

~ A !9lREAO 7.l34.:"A' 8,,"' J'/lT3 
'--- .ao 
"'--1;''7 ~AD 'TRAC"K 9 -. . a 

~f5'P e.N 
~ 

_GRD .~AIQ ~Alq l. __ ..J m lKC;;(O -r;e.tCK 9c-' 
~~ 

22:1j~311 
L- L--- ""30 ~ I" IWO/R£V(!</,<). 

,<?,Rkm 3i}B7 t29 ~ ~OC'Ra£T ~. CLOCK 
~ f.o-AC' RE.J'.!"T 

<5 - B .u 
C'l.IPP11I6 lEva~) 12 WI" 

.;Rl:.4DPl:Ii'MIT ... ) 
24-

FD" 
/<'£ AO-.J'TR08€'~ 

J,J'IIT:i I~i g 
.;~ f24- RrAO.J'17la8c(f.) 

111, ~~ ~e 5 34 5 1 ~ ~ T.J'-.I [,,0111 :,r#/6# 
~~ . 
~J ; rEt c 24 V .I,t 1;. , 

i~~ i .+24V Jwp 
J',,%F 1424 25 WRITE ENAbt. E. (C) b. 

"ON ·"(\Il100 7 'HIGH/LON OCN.f'lrY(-/+) 1/ 22 lAIR/TeLNABLe WO) ;$1 
1!1H 

',;vRITC ENAbLE .fw(c)r-- L-.,.. 
23 WRIT£" ENAe.t.£r'ivC) 1G ",!. \Is. ..tI-lT .L '. 1= ~; i 

l!iU ~ BOT('-) 1307('-) 
2/ 

EOT('-) &0-;'(:-> " 
22 'iili ·0 

~EADY~} '. . 
REAOY~) 1m! 10 

WIGH/L.OW D£NJ'ITYY:Ti4TW'('-'-/+) #IG'#/tOW OENYITYJ'771Tl/f(-/.,t) 
24-

li:i; 5' zs 
5' 

REWINOING(-) R£WIAJOING C~) 1-

J» UNIT J'CLECT(,-) (J/vIT ,J'ELE"CT~) 

s: IS lJ!:U;CT IND (of-' J'EtEC'T 1ND(+) 

'D '-m ...... 

ClIJ'TOHER 
OUT;PIIT..J'· 

'q 

~ 
~ i r.; 
'1 

~ I 
I 

e 



e 
z: 
0 
;z 

'" 

READ STROBl; C+) 

READ TRACK I (-)14, 

READ TRACK 1 (-l IG 

READ TRACt< .!> (-) S 

S»EtT2 REM, TRACK 4 (-l 10 

l 
RC;;"O t;:(;...Cr: 'S(.) ~2. 

R~At> TRAcK '" (-1 ·,4 

READ 'RACK."1 (-) Z6 

o DO!EVEN(-;.) PA"-'TY 24 Sf.iEET 1 

.SWEETZ.{ 
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