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The cartridge Tape Module consists of a Cartridge Tape Unit (CTU) 
Interface peA, a Read/Write PCA, a CIU Top Plane Assembly, two CTU 
Transport Assemblies, and one or more mini tape cartridges. Each tape 
cartridqe contains 150 teet ~f single-track O.150-inch tape with a 
maximum tOrmatted storage capacity ot 110K eight-bit data bytes. The 
dual cartridge tape units provide full read and write capabilities for 
phase-encoded data. Data, command, status information, and address 
interfacing between this subsection and other terminal modules is pro
vided by the Backplane Assembly and CTU Interface PCA. The R~ad/Write 
PCA controls recording, reading, and tape motion Of the two CTU Trans
port Assemblies. Interfacing between the two PCA's is provided by the 
CTU TOp Plane Assembly and interfacing between the Read/write PCA and 
the two CTU Transport Assemblies is provided by a Motor cable Assembly 
and two CTU ribbon cable assemblies. 

2.0 OPERATING PARAMETERS. 

A summary of operating parameters for the Cartridge Tape Module Is 
contained in tables 1.0 through 5.3. 

Table 1.0 Physical Parameters 
----------------~---~---~----~--~---~-----~-~-~-~-~-~~--~---------~--~~--~~---~~ -----~~---------~-----~-----~-----------~-~~~----------------~---------~~-----~-part Size (L x W x D) Weight 

Number Nomenclature +/-0.100 Inches (Pounds) 
-.-.--.----- ... _-- -~-------~-------~----------~~ ======================= ========= ----_ ... _---_ .... -- ---~------~-------~---~~------
O~640-60021 CTU Top Planp. Assembly 4.4 x 1.1 x 0.7 0.10 
02640-60032 Read/write PCA 12.5 x 4.0 x 0.6 0.60 
02640-60033 CTU Interface PCA 12.5 x 4.0 x 0.5 0.40 
02640-60034 Cartridge Flectronics PCA 3.8 x 2.0 x 1.3 0.10 
02640-60050 CTU Transport Assembly 5.1 x 3.6 x 3.8 0.80 
02640-60054 Cl'U Base Assembly N/A N/A 
02640-60055 Motor/Tachometer Assembly tv/A N/A 
02640-60056 Head Bridge Assembly t-t/A N/A 
02640-60057 Tachometer Coil AssemblY N/A N/A 
02640-60066 CTU Cable Assembly N/A N/A 
02640-60067 Head Assembly N/A N/A 
02640-60074 Magnet Assembly N/A N/A 
02640-60076 Disc/Capstan Assembly N/A N/A 
0~640-60085 Motor Cable Assembly N/A N/A 
02640-60102 Cl'U Bezel Assembly N/A N/A 

9162-0061 Mini cartr1dge N/A N/A 
============================================================================== 

Number of Backplane Slots Required: 2 
================================:=============================================== 



HP 13255 

CARTRIDGE TAPE MODULE 

Manual Part No. 13255-91032 

PRINTED 

AUG-Ol-76 

____ . ...-_ .... _.-~ .......... -----------~-.a-------....~~---.-~----------...-.----
NOTICE 

The information contained in this document is subject to change 
Without notice. 

H~WLETT-PACKARO MAKES NO WARRANTY OF ANY KIND WITH REGARD TO THIS 
MATERIAL, INCLUDING, BUT NOT LIMITED TO THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FIT~ESS FOR A PARTICULAR PURPOS~. Hewlett-Packard 
shall not be liable for errors contained herein or for incidental or 
Consequential damaqes in connection with the turnishing, performance, 
or use of tnis material. 

Tnis document contains proprietary information which is protected by 
copyright. All rights are reserved. ~o part of this document may be 
Photocopied or reproduced without the-orior written consent ot He~lett
Pa.ckard Company. 

-~-- .. --~~------~~--~-~------.~--.~-~--~---~-------~~-~-----------~---------~----
Copyright c 1976 by HE~L~TT-PACKARD COMPANY 

NOTE: This document Is part of the 264XX DATA -TERMINAL product 
series Technical Information Package (HP 13255). 



132~5 
Cartridge Tape Module 

1.0 IMTRODUCTION. 

13255-91032/02 
Rev AUG-01-76 

The cartridge Tape Module consists of a Cartridge Tape Unit (CTU) 
Interface peA, a Read/Write PCA, a CiU Top Plane Assembly, two CTU 
Transport Assemblies, and one or more mini tape cartridges. Each tape 
cartridqe contains 150 teet of Single-tracK O.150-inch tape with a 
maximum tormatted storage capacity ot 110K eight-bit data bytes. The 
dual cartridge tape units provide full read and write capabilities for 
phase-encoded data. Data, command, status information, and address 
interfacing between this subsection and other terminal modules is pro
vided by the Backplane Assembly and CTU Interface PCA. The Read/Write 
PCA controls recording, reading, and tape motion Of the two CTU Trans
port Assemblies. Interfacing between the two PCA's is provided by the 
CTU TOp Plane Assembly and interfacing between the Read/Write PCA and 
the two CTU Transport Assemblies is provided by a Motor Cable Assembly 
and two CTU ribbon cable assemblies. 

2.0 OPERATING PARAMETERS. 

A summary of operating parameters for the Cartridge Tape Module Is 
contained in tables 1.0 through 5.3. 

Table 1.0 Physical Parameters 
================================================================================ 

part 
Number 

============= 
0:l640-60021 
02640-60032 
02640-60033 
02640-60034 
02640-60050 
02640-60054 
02640-60055 
02640-60056 
02640-60057 
02640-60066 
02640-60067 
026,*0-60074 
02640-60076 
0:l640-60085 
02640-60102 

9162-0061 

Nomenclature 
-~------------~~-~--~~---~--~~ -~~~--------------~---------~-

CTU Top Plan~ Assembly 
Read/Write peA 
CTU Interface PCA 
Cartridge Flectronics peA 
CTU Transport Assembly 
CTU Base As~embly 
Motor/Tachometer Assembly 
Head Br1dge Assembly 
TaChometer Coil Assembly 
CTU Cable Assembly 
Head Assembly 
Magnet Assembly 
Disc/Capstan Assembly 
Motor Cable Assembly 
CTU Bezel Assembly 
Mini cartridge 

Size (L x W x D) 
+/-0.100 Inches 

======================= 
4.4 x 1.1 x 0.7 

12.5 x 4.0 x 0.6 
12.5 x 4.0 x 0.5 
3.8 x 2.0 x 1.3 
5.1 x 3.6 x 3.8 

N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 

Weight 
(Pounds) 

========= 
0.10 
0.60 
0.40 
0.10 
0.80 

N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 

============================================================================== 
Number of Backplane Slots Required: 2 

================================================================================ 
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Table 2.0 Peliabil1ty and Environmental Information 

=====::========================================================================== 

I:.nvlronmentaJ.: ( X ) HP CldSS B ( ) Other: 

Restrictions: Type tested at product level except the cartridge 
tape. The cartridge tape limits temperature and 
humidity conditions as follows. 

Free space ambient temperature: 

Non-operating: -10 to + 65 degrees C 
(-15 to +150 degrees F) 

Operating: + 5 to + 40 degrees C 
(+41 to +104 degrees F') 

Humidity: 20 to 80% (non-condensing) 

====::========================================================================= 

Failure Rate (percent per 1000 hours) of Major Assemblies: 

CTU Interface PCA 
Read/Write peA 
CTU Top Plane Assembly 
Motor Cable Assembly 
CTU Transport Assembly 

0.82340% 
4.04199% 
0.000R8% 
0.00060% 
4.17800% 

Lite expectancy tor components of the CTU Transport Assembly (the maximum 
insertion rate = 1 per second. Data for the head, motor, and motor 
capstan apply to start-stop motion at 10 inches per second): 

E.ject, Insert Mechanism 20,000 insertions min. (50,000 typical) 

cartridge Insert and 100,000 insertions min. 
file Protect Switches 

Head/Write Head 3,000 hours min. (10,000 hours typical) 

14otor 1,000 hours min. ( 5,000 hours typical) 

I~Otor Capstan 1,000 hours min. ( 5,000 hours typical) 

=====::========================================================================== 
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laole 3.0 Total Module power Supply and Clock Requirements - Measured 
While Accelerating to 60 ips (At +/-5% Unless otherwise Specified) 

================================================================================ 
+5 VOlt supply +12 Volt supply 

~ 1350 rnA @ 1630 rnA 

-12 Volt Supply 

@ 1580 rnA 

+42 Volt SupplY 

rnA 

NOT APPLICABLE 

======================================1======================================= 
115 volts ac 220 volts ac 

A A 

NOT APPLICABLE NOT APPLICABLE 

============================================================================== 

Clock Frequency: 4.915 MHz 

================================================================================ 
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Table 4.0 Connector Information for CTU Interface PCA 
================================================================================ 

connector 
and Pin NO. 

===:=========== 
PI, Pin 1 

.. 2 

-3 

-4 

-5 

-6 

-7 

-8 

··10 

-11 

-12 

-13 

-14 

-15 

-16 

-11 

-18 

-19 

-20 

-21 

-22 

Signal 
Name 

-~--~-~----------~----~-------~-
+5V 

GND 

SYS eLK 

-l2V 

ADORO 

ADORI 

ADOR2 

ADOR3 

ADDR4 

ADDR5 

ADDP6 

ADDR7 

ADORa 

AODR9 

ADDRI0 

ADORl1 

ADOH12 

ADDR13 

ADOH14 

ADDR15 

I/O 

GND 

Signal 
Description 

-----~-------~~---------------~~----~------~---~~~-----~-~--~---~-~--~----------------------
+5 Volt Power Supply 

Ground Common Return (Power and Signal) 

4.915 MHz System Clock 

-12 Volt Power Supply 

Negative True, Address Ait 0 

Negative True, Address Bit 1 

Negative True, Address Bit 2 

Negative True, Address Bit 3 

Negative True, Address Bit 4 

Negative True, Address Bit 5 

Negative True, Address Bit 6 

Negative True, Address Bit 7 

Negative True, Address Bit 8 

Negntive True, Address Bit 9 

Negative True, Address 8it 10 

Negative True, Address Bit 11 

Negative True, Address Bit 12 

Negative True, Address Bit 13 

Negativ~ True, Address 81t 14 

Negative True, Address Bit 15 

Negative True, Input Output/Memory 

Ground Common Return (Power dnd Signal) 
================================-=============================================== 
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Table 4.0 Connector Intormation for CTU Interface PCA (Cont'd.) 
=====:========================================================================== 

Connector Signal 
and Pin NO. I Name 

==============1================ 
PI, Pin A I GNO 

I 
-Ii I POLL 

I 
I 

-c I +12V 
t 

-I) PWR ON 

-E BUSO 

-F RUS1 

-H BUS2 

-J BUS3 

-K BUS4 

-L BUS5 

-~ RUS6 

-N BUS., 

----P wRITE 

-R ATN2 

-s WAIT 

-T PRIOR IN 

-u PRIOR OUT -_ ...... .....-.-------
-V PROC ACTIVE 

-w BUSY 

-x RUN 

-y REQ 

-z ATN 

Siqnal 
Description 

---------------------------------------------~------~-------------~--~-~----~--~-~----~--~-
Ground Common Return (PGwer and Signal) 

Negative frue, Polled Interrupt 
Identitication Request 

+12 Volt Power Supply 

System Power On 

Negative True, Data Bus Bit 0 

Negative True, Data Bus Bit 1 

Neqative True, Data Bus Bit 2 

Negative True, Data Bus Bit 3 

Negative True, Data Bus Bit 4 

Negative True, Data Bus Bit 5 

Neqative True, Data Bus Bit 6 

Negative True, Data Bus Bit 1 

Negative 'frue, write/Read Type Cycle 

Negative True, CTU and Polled Interrupt 
Request 

Negative True, wait Control Line 

Bus Controller Priority In 

Bus Controller Priority Out 

Negative True, Processor Active 
(Controlling Bus) 

Negative True, Bus Currently Busy 
(Not Available) 

Allow Processor to Access Bus 

Negative True, Request (Bus Data 
Currently Valid) 

Negative True, Data Comm Interrupt Request 
================================================================================ 
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Table 4.1 connector Information for CTU Interface PCA 
================================================================================ 

Connector Signal 
I and Pin NO. I Name I 
==============1================ 

P3, Pin 1 I 
tnru -22 I 

---------~---~I------~---------
p3, Pin A LO 

-8 HOLO 

-C Ll 

-0 HOLI 

-E +SV 

-F kE 

-H USO 

-J DATA 

-K 2Xl'ACH 

-L RUNG 

-M TACH 

-N DZX 

-p GAP 

-R CINO 

-S ClNl 

-T RIP 

-u DZX 

-v STOP 

-w FF'U 

-x SFt> 

-y FREV 

-z SREV 

Signal 
Description 

-~--~~~~-~--~--~--~~-----~--------~-~-------------~-----~--~-------~---~--~--~-~--~--~--~---} Not 
} Used 

--------~-----.-----~-----------~-------------
Negative True, Lamp Unit 0 

Negative True, Hole Unit 0 Detected 

Negative True, Lamp Unit I 

Negative True, Hole Unit 1 Detected 

+5V Supply 
-~-.----

Negative True, Record Enable (Read E~nable) 

Unit Select 0 (select left unit) 

Negative True, ~rite Data (high writes 
flux in north seeking pole direction) 

Two Times Tachometer Frequency 

Running (>1 ips forward or reverse) 

Tachometer frequency 

Data Zero Crossing (testing purposes onlY) 

Gap Detector 

Cartridge Inserted in Unit 0 

Cartridge Inserted in Unit 1 

Record In Progress 

Negative True, Data Zero Crossing 

Obsolete (tied to +5V thru 4.7 kilohms) 

Negative True, Fast Forward 

Negative True, Slow Forward 

Negative True, fast Reverse 

Negative True, Slow Reverse 
-~--~-------~-- ------~---~-------------------~-----~------------------------~-~~------------~-~----~-----~~---------~------~-----~-~~~-~------~-~-------------
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Table 4.2 Connector Intormation for Read/Write peA 
===============================:================================================ 

conn~ctor 

ana Pin NO. I 
============== 

J4 {, J5 1 

-2 

-3 

-4 

-5 

-6 

-7 

-8 

-9 

-10 

-11 

-12 

-13 

-14 

Signal 
Name 

--~-~---~-~------~~----~--------

TCOM 

HEAD-

HEAD GNU 

CI 

HOLE 

+5V 

+SV RET 

L 

HEADCT 

HEAD+ 

TGND 

T 

Signal 
Description 

---~--------------~~--~~-~----------~-~--~---~ ~------------~-~------~--~---------~~~~~-~~--~ 

Tacnometer coil (common), D.C. Level +2.5V 

Not Used 

Head (-) AC Signal, Data Dependent 

Head Ground 

Neqatlve True, Cartridge Inserted 

Negative True, Hole 

+5V Supply 

+5V Return 

Negative True, Lamp 

Head Center Tap, AC Signal, Data 
Dependent, Active on Write Only 

Head (+) AC Signal, Oata Dependent 

Tachometer Ground 

Not Used 

Tachometer Coil, AC Signal, Frequency 
Depends on Motor Speed 

-------------- ---------------- ----------------------------------------------
J6 -1 Motor 0 (-) 

-2 + Motor 0 (+) 

-3 Motor 1 ( .. ) 

-4 + Motor 1 (+) 

================================================================================ 
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Table 4.3 Connector Information for Read/Write PCA 
=====::========================================================================== 

c(>nnector 
and Pin NO. 

====::========= 
PI., Pin 1 

-2 

-3 

Signal 
Name 

--------~---~-------------------+5V 

GND 

Signal 
Description 

~------------~~~-----~-~-------~-~~-~--------~ --------------------------~-~-~-~-------------+5 Volt Power Supply 

Ground Common Return (Power and Signal) 

Not Used 

-4 -12V -12 Volt Power Supply 

Pin -5 
tl"lrOugh 

Pin -22 

} 

} Not Used 
} 

-~-~ .. --~-----~ -~-------------- ----------------~-----~-----------------------
~11' Pin A 

ttl rough 
Pin -B 

-c 

Pin -() 
tJ1rol]gh 

Pin -s 

-1 

-u 

Pin -v 
tJ1rough 

Pin -z 

} 
} 
} 

+12V 

} 

} 

} 

PRIOR IN 

PRIOR OUT 

} 

} 

} 

Not Used 

+12 Volt Power SupplY 

Not Used 

Bus Controller Priority In 

Bus Controller Priority Out 

Not Used 

=====~:====:==================:================================================== 

Table 4.4 Connector Information for Read/Write PCA 
=====:================================================:===:=================::=== 

cunnector Signal 
ane] Pin NO. I Name 

====~=========t================ 
P3, Pin 1 I 

ti1rough f 
Pin ... 6 I 

I 
-1 I GND 

t 
Pin -R t 

tllrouQh I 
Pin -22 I 

Signal 
Description 

-~-~-~-~~--------~~----~-----~-~----~~----~--~ ~------~----------------~--~~--~-~----------~~ 
} 

} Not Used 
} 

Ground 

} 

} Not Used 
} 

=====;::=:================:===================;================================== 
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Table 4.4 connector Information for Read/write peA (Cont'd.) 
================================================================================ 

connector Signal Signal 
ana Pjn No. t Name I Description I 

============== ================1============================================== 
I 

P3, ptn A LO 'Neqative True, Lamp Unit 0 
t 

-8 HOl,O I Neqatl ve True, Hole Uni t 0 Detected , 
-c 1.11 

-D HOLI 

-E +SV 

-r RE 

-H USO 

-J DATA 

-K 2XTACH 

-L RUNG 

-M TACH 

-N DZX 

-p GAP 

-R CINO 

-5 CINI 

-T HIP 

-U DZX 

-V STOP 

-w FFO 

-X SFO 

-y FREV 

-Z SRF.V 

Negative True, Lamp Unit 1 

Negative True, Hole Unit 1 oetect~d 

+5V Supply 

Negative True, Record Enable (Read Enable) 

Unit select 0 (select left unit) 

Negative True, Write Data (nigh writes 
flux in north seeking pOle direction) 

Two Times Tachometer Frequency 

Running (>1 ips forward or reverse) 

TaChometer Frequency 

Data zero Crossing (testing purposes only) 

Gap Detector 

Cartridge Inserted in Unit 0 

Cartridge Inserted in Unit 1 

Pecord In Progress 

Negative True, Data Zero Crossing 

Obsolete (tIed to +5V thru 4.7 kilohms) 

Negative True, f'ast Forward 

Negative True, Slow Forward 

Negative True, Fast Reverse 

Negative True, Slow Reverse 
================================================================================ 
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Table 4.5 Connector Information for Cartridge Electronics peA 
================================================================================ 

connector 
and Pin ~O. 

============== 

Jt 1 

Signal 
Name 

--~~~~~--~~-~-~... -~ ... -------------
T 

Signal 
Descriptlon 

:============================================= 

Tachometer ColI, AC S1gnal, Frequency 
Depends on Motor Speed 

-2 TGNO Tachometer Ground 

-3 TeOM Tachometer Coil (Common), DC Level +2.5V 

---------~---- -----------_ .. -- ----~~-----.-------.---'--~------------~---~--~ 
J2 -1 TCOM 

-2 

-3 HEAD-

-4 HEAD GNU 

-5 CI 

-6 HULE 

-7 +5V 

-8 +SV RET 

-9 L 

-to HEADCT 

-11 HEAD+ 

-12 TGND 

-13 

-14 

Tachometer Coil (Common), DC Level +2.5V 

Not Used 

Head (-) AC Slgnal, Data Dependent 

Head Ground 

Neqative True, Cartridge Inserted 

Negative True, Hole 

+5V Supply 

+5V Return 

Negative True, Lamp 

Head Center Tap, AC Signal, Data 
Dependent, Actlve on Write nnly 

Head (+) AC Signal, Data Dependent 

Tachom~ter Ground 

Not Used 

Tachometer Coil, AC Siqnal, Frequency 
Depends on Motor Speed 

============:==================================================================== 
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Table 5.0 Module Bus Pin Assignments 
============================:=================================================== 

Function Bus 
Performed: Read Data From CTU Valu~ Signal _ ... _ ...... - ... - ----------------...... ....,~--- ------------

X ADDR 15 
Poll Bit: Bit 7 X AD DR 14 

X ADDR 13 
~odule Address: (ADOR 11,10,9,4) = (1011) X ADDR 12 

1 ADOR 11 
0 AD OR 10 
1 ADOR 9 

~unction Specifier: ADDR5 = 1 X AllOR R 
X AD DR 7 
X ADDR 6 

Data Bus Bit Interpretation: 1 ADDR 5 
1 ADOR 4 
X ADOR 3 

B7 Data Bit 7 X ADOR 2 
(Most significant bit of data) X .ADOR 1 

X AODR 0 
...... _---- ... --_ .. -- ..... _ ... - .... --_ ........ - ----.-.- ..... ~ ... .- ..... 

Ab Data Bit 6 87 BUS 7 
86 BUS 6 
85 BUS 5 

8~ Data Ait 5 84 BUS 4 
83 RUS 3 
82 BUS 2 

64 Data Bit 4 1:)1 BUS 1 
BO BUS 0 

-------~~~-~---~----~- ... ~-~---~-~---~--~-
BJ Data Bit 3 I=Logical l=BUS Low 

O=Logical O=Bus High 
IX=Don't Care 
-------~---------~-------~-------~--------82 Data Bit 2 

B1 Data Bit 1 

80 Data Bit 0 
lLeast significant bit Of data) 

================================================================================ 
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Table 5.1 Module Bus Pin Assignments 
=====:=========================================================================== 

Function BuS 
Performed: Write Data To CTU Value Signal -.. ~ .. -.. - ... _---_ .. - ... ----_ ...... _--- -~ .. ------ ... ----

X ADDR 15 
pl:>ll Bit:: Bit 7 X AOOR 14 

X .anOR 13 
MQdUle Address: (ADDR 11,10,9,4) = (1011) X ADDR 12 

1 ADDR 11 
0 ADDR 10 
1 ADOR 9 

Function Specifier: AOORS = 1 X ADDR 8 
X AD DR 1 
X ADOR 6 

Ol3ta Bus bit Interpretation: 1 AD DR 5 
1 ADOR 4 
X ADDR 3 

B7 Data Bit 1 X ADOR 2 
(Most significant bit of data) X ADDR 1 

X ADDR 0 
-~- .. --- ____ ... __ .. _-.r __ ------- -------------

BIt) Data 8it 6 87 BUS 1 
86 BUS 6 
B5 BUS 5 

B!) Data Bit 5 B4 BUS 4 
83 BUS 3 
62 BUS 2 

84 Data Bit 4 bl BUS 1 
80 BUS 0 

---~-------------~---~~~-~~----~--------
B.3 Data Bit 3 l=Loqical l=Bns LOW t 

O=Logical O=Bus High 
X=Don't Care 

--~-~-----------------~-~----~--~---~-----B,l Data Bit 2 

8.L Data Bit 1 

f3e) Data Bit 0 
<'l,east significant bit of <lata) 

~----.-----------~-----------~-------~---------------------~-~------------------~--~-.----~------~-~-----~~-~~~~~-~--~-~~--~-~--~-~-~-~-~-~-~~--~---~-~--~~------
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Table 5.2 Module Bus Pin Assignments 
================================================================================ 

Function 
Performed: Input Status From eTU 

Poll Bit: Bit 7 

Module Address: (AODR 11,10,9,4) = (1011) 

Function Specifipr: ADDR5 = 0 

Data Bus 8it Interpretation: 

B7 - Not APplicable 

80 - BYTE ROY 1s set to "1" in Read mode when the 
preamble is detected or a byte Is ready to be 
read from the eTU Module or can be accepted for 
recording. BYTE RDY is set in Record mode when 
a byte has been encoded. 

B!:> - GAP is the output of toe qap detector on the 
Read/Write PCA. 

84 - HOLE is set to "1" whenever a hole is detected 
on the tape and is cleared when status is read. 

B3 - TAK is the frequency ot the tachometer divided 
by 2. There are 58.4 transitlorts of the TA~ 
status per inch of tape movement. 

Bus I 
Value Signal I 

======= ============1 
X AODR 15 I 
X ADDH 14 I 
X ADDF 13 , 
X ADDR 12 I 
1 ADDR 11 I 
o ADDR 10 I 
1 ADDR 9 , 
X ADDF 8 I 
X ADDR 7 
X ADDR 6 
o ADDR 5 
1 ADDR 4 
X ADDR 3 
X ADDR 2 
X AODR 1 
X ADOR 0 

----~-- -~----~~~~~--~----- -~~---~-~---
87 BUS 7 
86 BUS 6 
tl5 BUS 5 
84 FHJS 4 
83 BUS 3 
82 BUS 2 
Bl BUS 1 
BO BUS 0 

==================== 
l=Logical l=Bus LOW 
O=Logical O=Bus High 
X=Don't Care 
--~~~-~~~---~-~~~~~~~ 
--~---~~--~~~-~~~-~~~ 

Bi - RIP indicates the presence of head current while recording a gap. 
The state of this signal Is not defined during read operations or 
while data Is being recorded. 

o = No write current (tape protected) 
1 = Write current present while in gap 

B1 - eIR indicates that a cartridge is inserted in the right CTU 
Transport Assembly and is cleared when the cartridge is removed. 

o = No cartridge in rioht eTU Transport Assembly 
1 = Cartridge inserted in rignt CIU Transport Assembly 

80 - elL indlc~tes that a cartridge is inserted in the left eTU 
Transport Assembly and is cleared when the cartridge is removed. 

o = No cartridge in left CTU Transport Assembly 
1 = Cartridge inserted 1n left CTU Transport Assembly 

================================================================================ 
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=====::===================================:====================================== 
Function 
P~er tormed: Output Command to rTU 

Module Address: (ADDR 11,10,9,4) = (1011) 

Function Specifier: ADDR5 = 0 

Data Bus Bit Interpretation: 

81 - ANL 
o = Turns off left eject button light 
1 = Turns on left eject button liqht 

Bb - ANR 
o = Turns off the right eject button light 
1 = Turns on the right eject button light 

B~ - GEN 
o = Disables gap recording 
1 = Record gap on tape (Bit 3 must also be !) 

84 - USL 
o = Houte command to right drive 
1 = Route command to left drive 

BJ -REC 
o = Read mode 
1 = Record mode (enable write circuit) 

Bi - FST 
o = Run tape at slow speed (10 ips) 
1 = Run tape at high speed (60 ips) 

81 - FWD 
o = Forward 
1 = Reverse 

au - RUN 
o = stop tape 
1 = Move tape according to FST and FWD 

Bus 
Value Signal _ .... - .. --- - .. - .... _- ... ------- .... -.-.-- ---- ... -------

X ADDR 15 
X ADDR 14 
X AODR 13 
X ADDR 12 
1 AUOR 11 
0 ADDR 10 
1 ADDR 9 
X ADDR 8 
X ADDR 7 
X ADOR 6 
0 ADOR 5 
1 AVDR 4 
X ADOR 3 
X AODR 2 
X ADOR 1 
X ADDR 0 -- .. ~-.-- --_ .. -._---- ..... -... --_ ..... -- .---_ .... _--------

87 BUS 7 
b6 BUS 6 
85 BUS 5 
B4 BUS 4 
B3 BUS 3 
B2 BUS 2 
Bl 8US 1 
60 BUS 0 

===================: 
l=Loqical l=Bus LOw 
O=Logical O=Bus High 
X=Oon't Care 

===================== 

=====:=========================================================================== 
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3.0 FUNCTIONAL DESCRIPTION - CTU INTERFACE PCA. Refer to the block diagram 
(figure 1), sChematic diagram (figure 2), component location diagram 
(figure 3), and parts lists (02640-60021 and 02640-60033) located in 
the appendix. 

The terminal processor communicates with the Cartridge Tape MOdule via 
the terminal bus (Backplane Assembly). The CTU Interface PCA is re
sponsible for converting processor commands into signals to control 
tape motion, unit selection, read or write operation, and the state of 
the eject button lights. The CTU Interface peA provides status infor
mation allowing the processor to determine the present state of the 
selected CTU Transport Assembly. Finally, the CIU Interface PCA en
codes data bytes into serial patterns of bit transitions to be recorded 
on the tape and vice versa (i.e., decodes bit transitions on the tape 
into data bytes). 

3.0.1 BUS FUNCTION DECODE? AND TIMING LOGIC - CTU IN1~RFACE PCA. 

3.0.1.1 The bus tunction decoder and timing logic generates signals based upon 
inputs from the terminal bUS which control the flow of commands, sta
tus, and data bytes to and from the terminal bus. 

3.0.1.2 The bUS function decoder (UI6) generates one ot four command signals 

by decoding wRITE and ADUR5. The commands are enabled by I/O (for an 

1/0 mOdule), REQ (bus data is valid), ADDR4, AOON11, ADDRtO, and ADDR9. 
In addition, DATA CLOCK, RO+WRT, AD/WRT SELECT, READ EN, and STATUS EN 
are generated. 

3.0.2 COM~AND LOGIC - CTU INTERFACE peA. 

3.0.2.1 The purpose of the command logiC is to acquire command information from 
the terminal bus when the signals are valio. The command information 
completely specifies the operation as well as the selection of the CTU 
Transport Assemblies. In addition, the command logic stops tape motion 
thus Dreventing tape runoff when a hole is detected by the hole detect 
logic. 

3.0.2.2 The command signals from the terminal bus are latChed into U15, U21 
(Pins 5 and b), and U24 bv the CMND CLK signal from the bus function 
deCOder and timing loqic. 
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Two versions of the Run command are contained in the command register 
(UI5). SPUN (Servo ~un) is generated at U24, Pin 8 to enable the tape 
motion decoder (UI6). SFUN is cleared if the hole ed~e detector (U23, 
Pin 12) detects a transition into a hole. IRUN (Interface Run) is gen
erated at U24, Pin 6 to enable the slow torward tape motion decoder at 

U36, Pin 8 which generates ISF (used only by the encoder/decoder 
logic). This prevents a discontinuity in encoded or decoded data when 
movinq across a holp.. Bottl SRUN and IRUN are cleared after a system 
reset. 

The SRUN, FORWARD, and FAST Signals are translated in this block into 

the signals SREV (slow reverse), SFO (slow forward), FREV (fast re-

verse), and FFO (fast forward) wnich are used by the servo electron1cs 
on the Read/Write PCA. 

The CLRINT signal is generated for the interrupt logic by U27, Pin 8 
when the processor performs a status request, enablinq the STATUS EN 
signal. The CLRINT signal is present for one cycle of SYS eLK after 
STATUS EN goes low. 

3.0.1 DATA PATH CONTROL - CTU INTERFACE PCA. 

3.0.3.1 The data path control circuitry transfers data to and from the terminal 
bUS. It also converts serial bits from the tape into bytes and con
verts bytes tram the terminal bus into serial bits. 

3.0.3.2 The data 1/0 buffer (U13 and U33) is an 8-bit register with a 2-port 
input multiplexer. It provides one byte of butfering between the ter
minal bUS and the serial data register. 

3.0.31.3 In Record mOde, the data is loaded into the data I/O buffer from the 
terminal bus, enabled by RO/WFT SELECT being low. (Note that the data 
buffer is loaded with complement data since it is loaded from the 
ground true terminal bus.) The data byte is loaded into the serial 
data register after the previous byte has been encoded. The serial 

data register is then shifted right (via REC DATA) into the encoder at 
mid cell point (data transition position) and the encoder is comple
mented at end cell point (phase position). 

3.0.31.4 In Read mOde, the serial biphase data is read into the transition 
detector (U28, Pin 14) ot the encoder/decoder logic and shifted into 
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the serial data register at the appropriate time (corresponding to the 
zone for data transitions). When the last data bit has been detected 
at the decoder (there are 7 bits in the serial data register), the data 
I/O but fer Is parallel loaded from the serial data register (shifted 
right one oit). The data I/O but fer is sUbsequently output to the 
terminal bus via drivers uti and U32, which are enabled by the READ EN 
signal. 

3.0.4 ENCODER/DECODER LOGIC - CTU INTERFAC~ peA. 

3.0.4.1 This logic provides the timing and control functions for encoding or 
decoding a data byte. The operation ot the encoder/decoder logic is 
based upon the following theoretical analysis. The code that is re
corded on the cartridge tape is Serial Biphase Mark COde (see below). 
lheretore, the code shown below would be seen at the encoder output 
(ut7, Pin 10) when In Record mode or at the transition detector (U28, 
Pin 15) in Read mode. The code rules state that there is always a data 
transition at mid cell, a 1-bit is a transition towards gap level while 
a O-bit Is a transition away from gap level, and a phase transition 
occurs at a cell boundary if adjacent data transitions are the same. 

! 
gap level__ ______ ____ ______ ___ _ ____ _ 

I t I I I I " I I 1 __ 1 1 ____ 1 1 __ 1 I_I 1 ____ 1 1 __ 

1 o 1 1 o o 1 o 

* * * * * * * 
*Indicates cell boundaries (125 microseconds) 

3.0.4.2 Timing and control for the encode and decode operations is provided by 
a cell decode counter (U212) and a variable modulus (divide by N) coun
ter (U213, U214, U312, and U313l which are both synChronous with the 
bus SYstem ClOCK. The variable modulus counter generates a carry Qllt
put at time intervals eqUAl to one bipnase cell period divided by eight 
which increments the cell decode counter. By initialIzing both coun
ters at the beginning of a biphase cell, timing points (for enCOding 
phase and data transitions in Read mode) and timing zones (for decoding 
phase and data transitions In Head mode) can be decoded trom the cell 
decode counter and variable modulus counter carry output. 
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The variable modulus counter consists of two counters. One is an a-bit 
counter (U213 and U214) which counts from a base state to the overflow 
state (which generates a carrY output); the second is an 8-bit Up-down 
counter which contains the value of the base state. The up-down coun
ter Is loaded with the two's complement of the desired modulus. In 
Record mode, the up-do~n counter is reset (U311, Pin 11 and U313, Pin 
11) to the two's complement of 115 octal (77 decimal) giving a carry 
output at 

N 77 
nominal biphase 

all period 
------ microsecond = ------ microsecond = ---------------
4.9150 4.9150 8 

In Read mOde, the up-down counter is initialized to the same value. 
Then, based on tne actual frequency of the phase/data transitions, the 
up-down counter is incremented or decremented. (Note that incrementing 
the up-down counter decrements the modulus ot the counter.) 

The cell decode counter is decoded as follows when 1n Record mode. 

U212, Pins 
A B C 0 CIN f"UNCTION 

-~-----------~--------------I----------------
t o o 1 1 Phase Position 

1 1 o 1 1 Data Position 

When in Read mode, the cell decode counter appears as follows. 

Initialize State 

Decrement 
N 

Increment 
N 

Decrement 
N 

Increment 
N 

A 
U212, Pins 
BCD FUNCTION 

---------------~------ -----------------~ 0 1 1 
0 1 1 

1 0 0 
1 0 0 
1 0 t 
1 0 1 

1 1 0 
1 1 0 
1 1 1 
1 1 1 

0 
1 

0 
1 
0 
1 

0 
1 
0 
1 

} 
} 

} 
} 
} 
} 

} 
) 
} 

) 

Illegal Zone 
For Transitions 

Zone For Phase 
Transitions 

Zone For Data 
Transitions 
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3.0.4.3 The encoder operation can be best explained by considering the record
ing of a gap and a 2-byte preamble. The preamble consists of a zero 
byte and a byte with the value 200 octal. 

First, the command RUN.FOPWARD.RECQRD.GAP Is output to the command 
register from the processor. This sets the encoder to record flux 
in the gap direction. Additionally, the command sets the mOdulus 
of the variable mOdulus counter to 77 and enables the preset signals of 
the variable modulus, bit, and cell decode counters. While the gap is 
being recorded, the serial data register is shifted right for each bit 

time. Since DZX is set when in record mode, this results in the serial 
data register being loaded serially with all 1'5. Because the data 
register contains the complement data, the register 15 effectively 
loaded with the first preamble byte (all zeroes). 

After the proper gap interval has been recorded, the GAP command is 
turned off and/the last preamble byte is loaded into the data 1/0 

buffer. When REC GAP is set, the preset Signals on the variable 
modulus, bit, and cell decode counters are removed and the encoder is 
no longer forced to record in the gap direction. 

Each bit is recorded (encoded) as follows: 

1) The variable modulus CDunter counts up and generates a carry 
output (CIN) every 77 system ClOCKS. The carry output incre
ments the cell deCOde counter. 

2) Tne cell dpcode counter is decoded at mid cell setting the 

encoder to DATA (the value of the rightmost bit of the serial 
data register), and the serial data reqister is shifted riqht 
one bit. 

3) ~t end cell, the bit counter increments, the encoder is com
plemented, and the cell decode and variable modulus counters 
are initialized. 

The process is repeatp.d tor each of the eight data bits. AfteI' all 
eight bits have been encoded, the bit counter, cell decode counter, 
and the variable modulus counter are initialized. The serial data 
register is loaded from the aata 110 buffer and BYTE RDY is set. If 
BYTE ROY signal is already set, then data Is not loaded from the data 
110 buffer and the same byte is recorded, shifted right one bit. 
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3.0.~~.4 The decoder operation can oe similarly explained by decoding a record 
consisting of a gap, a 4-byte preamble and a 1-byte record. First, 
the command RUN.SLOW.FOR~ARD is output to the command register from 
the processor. While the gap is being read, the gap detect circuitry 
on the Read/Write PCA causes the modulus of the variable modulus 
counter to be preset to 77, initializes the variable modulus and cell 
decode counters, and clears RF.AD SYNC (ut7, Pin 6). 

When the preamble begins to be read, the gap detect circuitry indicates 
data present. This causes the preset to be removed from the modulus 
of the variable mOdulus count~r which allows the modulus to be adjusted 
accordingly. The decoder then proceeds as follows-

'rhe variable modulus counter counts up and generats CIN every N 
system clocks (N is initially 77). CIN increments the cell decode 

counter. When a transition is sensed by the DZX transition 
detector, it Is decoded usinq the cell decode counter and results 
In one of three possiole actions: 

1) Transition occurs In the illegal zone- the cell decode 
and variable modulus counters are initialized. The 
process continues waiting for the next transition. 

2) transition occurs in the phase zone- the mOdulus of the 
variable modulus connter is incremented or decremented 
(see 3.0.4.2) and the cell decode and variable modulus 
counters are initialized. The process continues waiting 
for the next transition. 

3) Transition occurs in the data zone- the modulus of ihe 
variable modulus counter is incremented or decremented 
(see 3.0.4.2) and the cell decode and variable modulus 
counters are initialized. If the data is decoded as a 
zero ("0"), the process continues waIting for the next 
tranSition. OtherWise, a one ("1") indicates the end of 
the preamble and causes READ SYNC and BYTE ROY to be set. 

When READ SYNC is set, the decoder will automatically switch modes to 
read In data bytes. The initial BYTE ROY indicates that the end of the 

preamble has been found. BYTF. ROY must be cleared by either a RO DATA 

or WR DATA. However, the data byte read will be meaningless. 
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while reading in data, transitions detected are handled in the same 
manner as when reading the preamble except for transitions occuring 
in the data zone. In this case, RD DATA Is shifted right into the 
serial data register and bit counter is incremented. When the last 
bit is decoded, the data I/O buffer Is parallel loaded from the serial 
d~ta register (shifted right one bit), BYTE ROY is set, and the process 
is repeated tor the next byte. The data in the I/O buffer must be read 
(which clear 8YT~ ROY) before the next byte is decoded In order to 
avoid 10s1no data. 

3.0.5 HOLE OlT~rt LOGIC - CTU INT~RFAC~ PCA. 

3.0.5.1 This circuitry detects the presence of a hole in the tape of either CTU 
Transport Assembly (depending on which transport is selected) and gen
erates the DHOL, DHOL DET, and USO signals. 

3.0.5.2 The Read/Write peA provides the signals HOLO and HOLl that indicate the 
presence of a hole on unit 0 or unit 1, res~ectlvely when the signal Is 
low. When Unit 1 is selected and a hole is detected, U22, Pin 11 will 
be high. When Unit 0 is selected, USO at U35, Pin 4 is high, a hole is 
detected, and U22, Pin 8 is high. Pins 8 and 11 of U22 are wire ORed 
into U28, Pin 6 where they ar~ synchronized to s~s eLK and provide the 
DHOL signal at U28, Pin 7. DHOt at U29, Pin 4 is exclusive-ORed with 
DHOL delayed by one cycle ot SYS CLK at U29, Pin 5 and Qenerates the 
DHOL DET siqnal which provides a pulse wnen a hole is initially de
tected and another pulse when it Is no longer detected. It should be 
noted that DHOL and DHOL DET are ANDed in the command logic to provide 
a single pulse when a hole is inItially detected. 

3.0.6 TACH LUGIC - CTU INTtRFACE PCA. 

3.0.6.1 The tach logic divides the TACH signal from the Read/Write PCA by a 
factor Of two and uses the resulting signal to generate the signals 
TACH/2 and DTACH/2. 

3.0.6.2 The TACH signal is used as the ClOCK input for U~6, which Is configured 
as a T flip-flop, and results in one transition of the signal at U26, 
Pin 6 for every two transitions of the TACH signal. U28 synchronizes 
the signal from U26, Pin 6 with the SYS CLK and generates the TACH/2 



132SS 
Cartridge Tape Module 

13255-91032/23 
Rev AUG-01-76 

signal for the status drivers. The TACH/2 signal is delayed one cycle 
of SYS CLK by U28, Pin 5 and is then exclusive-ORed to produce DTACH/2 
at U29, Pin 8. OTACH/2 produces a pulse at each transition of TACH/2 
with a width equal to one cycle of SYS CLK. 

3.0.7 STATUS DRIVERS - CTU INTERFACE PCA. 

3.0.7.1 The status drivers present status information for the mOdule to the 
terminal bus. 

3.0.7.2 The CINO, CINt, RIP, and INTERRUPT signals are gated onto the terminal 
bus by U31 which is enabled by STATUS EN. The signals are inverted on 
the bus to provide ground true logic levels. The TACH, HOLE, GAP, and 
BYTE ROY Signals are gated onto the terminal bus by U12 whiCh is en
abled by STATUS E~. 

3.0.8 INTERRUPT LOGIC - CTU INTERFACE PCA. 

3.0.8.1 The interrupt logic provides an interrupt when a transItion occurs in 
th~ TACH/2 signal, when a hole is present, or when a byte of data must 
be received or sent from the processor. 

3.0.8.2 The DTACH/2 signal sets flip-flop U25, causing Pin 9 to be low wnen a 
transition occurs in TACB/2. The CLRINT Signal from tne command logic 
resets U25, causing Pin 9 to go high. The DHOL signal s~ts flip-flop 
U25, causing Pin 7 to be low, and indicates the presence of a hole 1n 
the tape. The CLRINT signal resets U2~, causing Pin 7 to go high. 

When U25, Pin 9 is low or U25, Pin 7 is low or BYTE ROY is low, or some 
combination of these events occurs, then INTERRUPT will be hiqh. This 

causes AfN2 to be lo~ thereby indicating an interrupt condition to the 

processor. If U25, Pin 7 is h1qh and BYTE ROY is high, then no inter
rupt condition exists and INTERRUPT will be lo~. 

3.1 FUNCTIUNAL DESCRIPTION - READ/WRITE PCA. Refer to the block diagram 
(fiqure 4), schematic diagram (figure 5), component location diagram 
(fiqure 6), and parts list (02640-60032) located In the appendix. 

The Read/Write PCA contains circuitry to record flux transitions onto 
cartridges In either CTU Transport, to convert flux transitions re
corded on the cartridqes into TTL signal levels, and to detect the 
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presence of gap (absence of flux transitions) on the tape. Tn addi
tion, this PCA contains the servo electronics for controlling tape 
motion and speed for either CTU Transport. Analysis of the peA indi
cates that much of the circuitry is common for servo control ~nd readl 
write operations. The routing Of signals is accomplished for each 
drive by the read select switch, the unit function decoder, the ampli
fier select logic, and the tachometer feedback select and conditioninq 
circuits. (Refer to the block diagram In figure 4.) 

3.1.1 UNIT FUNCTION DECODF.k - R~AD/WRITE PCA. 

3.1.1.1 The unit function decoder (U3) 1s a 1-of-10 decoder which determines 
whether the Read/write peA is in Read or Write mode. It also deter
mines the CTU Transport from which flux transitions are received, or 
to which flux transitions are sent. 

3.1.1.2 When RE and line usa are low, yO and Ql are active outputs and Head 1 

is driven by DATA as shown In the truth taole below. When RE is low, 

and USO is high, Q2 and Q3 are active outputs and Head 0 Is drven by 

DATA as shown below. 

1 - Of - 10 Decoder (U3) 
Truth Table 

===================================================== 
INPUTS OUTPUTS 

RE USO DATA 00 01 02 03 04 05 06 Q7 
~~------~~~~~-~-~~~~~-~-----~-~--~~-----~-~---~~--~~---------------------------------------------------------------- -----_ ... 

IL L LI IL HI H H H H H H 
IL L HI IH LI H H H H H H -----_ ... _.- -_._--- -------
IL H LI H H IL HI H H H H 
IL H lil H H tH LI H H H H 

----------- --_ ...... -------
IH L LI H H H H IL HI H H 
IH L HI H H H H IH LI H H 

----------- -----.,. ----.--
IH H LI H H H H H H IL HI 
IH H HI H H H H H H I H LI 
----------- -------

--~--~~-~-~-~----~~~-------~-------~--~-~-~----~-~-~---------~-~-----------------~--~-~~~---~---~---------
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3.1.2 W~ITE CURRENT CIRCUIT - READ/WRITE PCA. 

3.1.2 •. 1 The write current circuit provides the current sOUrce for either head 
as selected by the unit function decoder. In addition, the RIP signal 
is generated allowing the firmware to determine whether a cartridge is 
protected. 

3.1.2.2 When RE is low (write) V17, Pin 4 is high and Q15 turns on. This, in 

turn, drives Q16, the current source, on. When RE is high (read), 
V17, Pin 4 is low and Q15 is cut off which in turn cuts off Q16. The 
emitter current of Q16 is primarily determined by the +12 VOlts supply, 
R42, CRI3, and is nominally 9.85 mAe When the current source (QI6) is 
off, the RIP driver (017) is turned on through R42, CRII, CRI0, R44. 

3.1.2,,3 ~hen the current source is on and supplying current to the head, the 
emitter of Q16 is at approximately +4.6 volts and CRll isolates the 
base of Q17 from this voltaqe. The collector of Q16 is at a low volt
age when anyone ot U3's outputs (Pins 1, 2, 3, or 4) is low, then CRl2 
removes the drive to the base of Q17 cuttinq it oft. If the current 
source is on, and not supplying current to the head (i.e., the file 
protect switch is open, or the head leads are broken), the collector of 
Qlb is then connected to a high resistance path (CR12, R44, R49) and 
Q16 saturates causing most of its emitter current to flow out its base 
into 015 and CR13 to ground. Then the collector voltage ot Q16 which 
is now about the same as the emitter voltage, drives 017 on through 
CR12 and R44. The two paths driving Q17 assure that RIP is true only 
when head current Is actually drawn. 

3.1.2.4 when recording data, however, RIP is not at a steady dc level. The 
head, being inductive, opposes an instantaneous current change. For a 
brief instant, at each current reversal, the -L(di/dt) is such that Q16 
saturates and stays saturated until the rising current through the head 
reacnes a sufficient value to allow Q16 to come out of saturat10n. 
Since, as explained above, Q17 is triggered on and then Q16 Is satu
rated, narrow negative going pulses, approximately 10 microseconds 
wide, appear at the RIP output. RIP is at a steady high level only 
when writing gaps. 

3.1.3 READ SELECT SWITCH - READ/WRITE peA. 

3.1.3.1 The read select switch (U16) Is a FET switch used to connect the head 
on the selected CTU Transport Assembly with the preamp in the read 
amplifier circuit when the Read/write peA is in the Read mode. 
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3.1.3.2 Refer to the truth table in section 3.1.1.2 for a summary of the fol-

lowing. When RE is high (read) and USO is low (DATA is a don't care), 
Q4 and Q5 are tied together and go low. This drives U17, Pin 12 high 
turning switches 1 and 2 on and Head 1 is connected to the preamp. 

~hen RE and usa are high (DATA is a don't care), 06 and Q7 are tied 
together and go low. This drives Ul1, Pin 6 high turning switches 3 
and 4 on and Head 0 is connected to the preamp. 

3.1.4 HEAD AMPLJFI~R CIRCUIT - READ/WRITE PCA. 

3.1.4.1 The read amplIfier circuit amplifies the input signal from either head, 
differentiates the signal so that the peaKS of the flux transitions be
come zero crossing, and then detects these zero crossings to produce a 
TTL signal with transitions at eaCh zero crossings (flux transitions 
peak). 

3.1.4.2 the preamp (U5) is a differential input/differential output op-amp. Its 
gain is determined by R39 and R40 plus the MOS switCh on resistance in 
one leg, and by R38 and R41 plus the MOS switCh on resistance in the 
other leg. The differential gain is 40dB. R38 and C36 on one side, 
and R39 and C39 on the other side, roll off the response starting at 
30 kHZ. C40 resonates the head at approximately 50 kHz, effectively 
compensating for some loss in the head output. 

3.1.4.3 Differentiator (U4) is also a differential input/differential output 
op-amp. Its differentiating characteristics are determined by C21, 
R46, C16, and R34 in one leg, and by R41, C22, C19, and R35 in the 
other leg. Its gain at the two frequencies of interest (4 kHZ and 8 
KHz) is -2 d~ and +4 dB, respectively. C21 with R46, and C22 with R47 
stop its gain rise at +20 CB at 80 KHZ; and R34 with C16, R34 with C16, 
R34 with C16, and R35 with C19 start its roll oft at 160 kHZ. The pre
amp outputs are connected to this ditferentiator Which translates each 
amplitude peak of the preamp outputs to zero crossings. 

3.1.4.4 The differentiator outputs are ac coupled at Pins 8 and 9 to comparator 
Ul. The two inputs to U1 are lifted otf ground and reference to +5V 
through RtOtF and Rl0tG. This is necessary because this particular 
comparator must not have its inp~ts allowed to go below -0.3 Vdc. This 
comparator detects the zero crossings of the difterentiator outputs 
and changes state each time, effectively squaring the ditferentiator 
output waveform. A small amount of hysteresis is used to assure that 
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the comparator output is at the correct polarity, i.e., low in the 
steady state (no data) and also to give it a snap action when a state 
change occurs. The positlve feedbacK is derived from the output of 
U13, Pin 4. Since the comparator inputs are referenced to ~5 VOlts, a 
level shifting Is required and is accomplished by CR4, R33 and R32. In 
the high state, the output Of U13, Pin 4 must be kept at a TTL level 
and CR4, R33 and R32 are also rp.sponsible for that. This voltage is 
~4.4 volts nominally. The +4.4 volts plus the CR4 Zener voltage make 
the voltage level at the junction of R33, R4ij, and CR4 equal to +10.0 
volts. In the low state, the voltage at this junction is the CR4 volt
aqe plus the low output voltage of U13, Pin 4 (or approximately +6.6 
volts). Therefore at this junction, a rectangular wave exists between 
+6.6 volts and +10.6 volts. The hysteresis voltage is then derived 
from this through the R48, RIOIG divider. Nominally, Pin B of Ul is 32 
millivolts positive with respect to ~in 9. 

3.1.5 GAP DETECT CIRCUIT - READ/WRITE peA. 

3.1.5.1 lhe gap detect circuit provides the GAP signal, which indicates the 
absence of flux transitions (it GAP is high) or the presence of flux 
transitions (if GAP is low). Whenever flux transitions begin or ter
minate, the GAP signal reflects this change after a delay of eight bit 
times. 

3.1.5.2 A single output (US, Pin 4) is also ac coupled to U1 at Pin 10, used 
here as a threshold detector. The two inputs of this comparator are 
referenced to +6 volts through R30 and F37. The threshold level is set 
by RI03E and R37 and is nominally +0.057 volts, whiCh Is 15 per cent of 
the specif1ed 1600 FRPI head output times the gain of the preamp. Pin 
11 Of Ul is ~0.057 volts positive with respect to Pin 10. The output 
of U1, PIn 13 will change state every time the input to Pin 10 reaches 
this level, UP or down. As a result, the output is not perfectly 
symmetrical, but has a duty cycle of approximately 45/55 at 1600 FRPI. 

3.1.5.3 The output of U1, Pin 13 drives the integrator driver (Q18). R57, R58, 
and C45 together with U13, Pin 6 form the gap detector. D13, Pin 6 (~ 
schmitt-Trigger) triggers on at ~1.7 volts and oft at +0.9 volts. The 
time constants ot the integrator are proportioned SO that eight bit 
times at 1600 FRPI (or 1 millisecond) is required to reach the on 
level. This delay assures that the gap detect circuitry will not be 
triggered by random nOise. Once U13, Pin 6 Is on (output low) and data 
is received, GAP will be false. When data stops, C45 will begin to 
diSCharge through R5A and QIH: when its level reaches +0.9 volts, U13, 
Pin b will trigqer Off indicating beginning of gap. NomInally, this 
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time is dlso 1 millisecond. Therefore, GAP is true 1 millisecond after 
data stops until 1 millisecond into the next bloCK. The output of U13, 
Pin 4 1s connected to Pin 10 of U12 and the outout of U13, Pin 6 is 

connected to OR gate U12, Pin 9. This serves to quiet the DZX output 
during gap time. 

3.1.6 TACHOMET~R F~F.DBACK SELECT AND CONDITIONING CIRCUITS - R~AD/WRITE peA. 

3.1.6.1 The tachometer feedback select and conditioning circuits condition the 
inputs from the tachometers by filterlnq and by comparison and then 
select the signal from the tachometer dssociated with the CTU Transport 
that is selected. 

3.1.6.2 The tachometer on the capstan drive motor is a variable reluctance type 
which produces a sine wave output of approximately 300 millivolts peak
to-peak at 10 inches per second tape speed. This signal is fed into 
the ~ead/Write PCA. The signal has a 0.027 microfarad (C2 and C4) fil
ter capacitor shunting it to roll off the output of the tachometer 
above the frequencies of interest (4 kHZ). A tach signal then drives a 
comparator (Ul, Pin b or Ul, Pin 4) with positive hysteresis (33 milli
volts). NAND gates U11 select the siqnal TACH FREQ from the selected 
CTU Transport. This signal drives a delay circuit producing the 
DELAYED fACH signal. 

3.1.7 AMPLIFIER SELECT LOGIC - R~AD/WRITE PCA. 

3.1.7.1 The amplifier select logic determines which motor is to be driven based 
upon Which CTU Transport is selected. 

3.1.7.2 If the RUNG signal is lOw, then 1SEL and OSEL are high, inhibitinq the 
motor drive circuitry. If RUNG is high, both gates of ut1 in this 
block are enabled. If Unit 0 is selected (USO high) and a cartridge is 
inserted 1n Unit 0 (CINO high), then OSEL will be lOw, selecting the 
CTU drive c1rcuits associated with CTU Transport Unit O. On the other 
hand, if Unit 1 is selected (USO low) and a cartridge is inserted in 
unit 1 (CIN1 high), then lSEL will be lOw, selecting tne CTU drive cir
cuIts associated with CTU Transpor.t Unit 1. 
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3.1.8 COMMAND RAMP AND FEEDBACK CIRCUITS - READ/WRITE PCA. 

3.1.8 u l The command ramp circuits translate command signals to move the tape 
fast forward, slow forward, fast reverse, and slow reverse into ramped 
voltages used by the CTU drive circuits. The feedbacK circuit provides 
a VOltage directly proportional to the speed of the motor. The Feed
baCK Voltage CrOSK VOLTAGE) and the Ramp Command Voltage (RAMP VOLTAGE) 
are summed to provide an error signal for the power amplifiers in the 
CTU drive circuits. 

3.1.8 u 2 FPD, Sf 0, FREV and SREV run command lines drive open-collector TTL 
inverters whiCh have 10 KilOhm pullup resistors to a 10-volt Zener 
reference. unly one input should be pulled low at anyone time. These 
commands cause the servo to drive at +60, +10, -60 and -10 ips. Fast 
and slow command voltage values are determined by the relative values 
of R12 through RIS. Reverse commands are inverted hefore being applied 
to the ramp circuit by op-amp U6 (all op-amps are dual internally com
pensated op-amp packages). The two op-amps (U8) make UP the ramp 
circuit which together are analogous to a single inverting op-amp with 
a slow linear slew rate. The first half of the ramp circuit is a high 
gain (19&K divided by 1 kilOhm = 196) voltage driver which supplies 
bias current to a bidrectional voltage reference composed of CR5 and 
CRb. This reference voltage (approximately +1-6.9 volts) is supplied 
to the second op-amp operated as a Miller integrator and has a slew 
rate of 6.9 volts divided by R23, all divided by C21 (31 volts per 
second). R22 feeds back the output of the integrator which sets the 
dC gain of the ramp circuitry. The output for slow commands is +/-1.2 
volts and for high speed commands is +/-7.2 volts. 

Q3, Q4, U13, and op-amp Ub form a bidirectional threshold detector that 
indicates the polarity of the command voltage as well as tne 1 ips 
(either fOrward or reverse) threshold of the ramp command voltage, 
generating the signals +FDHK EN and -FDBK EN. 

3.1.8 u 3 The lACH FREQ and DELAYED TACH Signals go into an exclusive-OR qate 
made up of U12 and two qates of U15. The output ot the exclusive-OR 
gate is a pulse for every input transition, thus dOUbling the frequency 
of the tach signal. This double frequency signal drives a precision 
one-shot wnose output (93 microsecond period) is fed to one of two 
TTL open·collector buffers (UI0), depending on the desired feedbaCK 
polarity. The feedbaCK polarity is determined by the pOlarity of tne 
command voltage. The +FDRK EN and -FDBK EN signals gate the one-shot 
output to the appropriate TTL buffer. One TTL buffer output is In
verted by the first half of U7, operated also as a 3 kHZ low pass 



132~5 

Cartridge Tape MOdule 
13255-91032/30 
~ev AUG-01-16 

filter. The filter integrates the pulses of the one-shot to help re
duce the ripple on the feedbacK signal. 80th tach feedbaCK polarities 
are ted to the main 2-pole minimum phase Chebychev filter (2 poles at 
200 HZ). This output is the servo FeedbacK Voltage (FDRK VOLTAGE). 
The fp.edbac~ Voltage waveform looks liKe the ramp command waveform with 
extra ripple riding on it. This is risldual digital tach ripple that 
is not filtered out by the 2-pole filter, but instead is filtered out 
by the mechanical pole of the motor drive. 

3.1.9 CTU DRlVE CIRCUITS - READ/wRITE PCA. 

3.1.9.1 The CTU drive circ~its use the error voltage generated at the summing 
junction as an input to the power amplifier determined by the selected 
CTU fransport driving the motor for that transport. 

3.1.9.2 A 2-drive tape system has two dc servo motors which must be selectively 
driven. The selection of the motor to be driven is done at the low 
signal level using junction field effect transistors. EaCh power amp 
has two FFTs associated with it. The first FET (Q6 or Ql0) switches 

3.1.10 

a power amp to the power amp summing junction. The R55 speed adjust 
potentiometer and ~25 convert the Ramp Voltages (RAMP VOLTAG~) to 
command currents into the power amp summing junction. In addition, 
FDBK VOLTAGE is changed to a feedback current by R24 into the power amp 
summing junction. The second FET (05 or Q9) clamps the unused power 
amp off so that leakage currents cannot cause the non-selected motor 
to turn. The power amps are op-amps (U9) with high gain bipolar 
emitter followers (07 and Q8 or Uti and Q12). The buffer power tran
sistors are mounted on an aluminum heat sink. 

the outputs of the power amplifiers are fed to the drive motors. The 
return side of the motors come through a current sensing resistor 
(R31). The motor current produces a voltage across this resistor which 
drives current limit detector transistors Q13 and Q14. They clamp the 
power amp through diode bridge CR8. C32 and C33 stabilize the current 
limit feedback loop. The current sense voltaqe also is used for com
pensation of the velocity feedback loop by locally characterizing the 
response of the power amp through R29, R28, C34 and C35 back to the 
power amp summing junction. This compensation gives the servo velocity 
loop a 55-hertz bandwidth (With typically 45 degrees phase margin and 
12 dB gain mdrgin). 

CARTRIDG~ DETECT CIRCUIT - READ/WRITE PCA. 

3.1.10.1 The cartridge detect circuit delays the CI signal from the CTU Trans
port allowing time for the CIU Transport to mechanically stabilize 
after a cartridge is inserted. 



13255 
Cartridge Tape Module 

13255-91032/31 
Rev AUG-01-76 

3.1.10.2 When a cartridge is inserted in Unit 1, the el line is pulled low caus
ing U17, pin 8 to go high. This allows e3 to charge through R2 and R3. 
After approximately 1/2 second, Q2 turns on and pulls U13, Pin 1 low 
causing CINt to go high and indicating the presence of a cartridge. 
U13 is a Schmitt gate used to provide hysteresis so that the slow fall 
time of the collector 02 wIll not cause oscillations at the output of 
U13. 

when the cartridge is ejected trom Unit 1, all actions of the signals 
are inverted with the exception of capacitor C3 which discharges only 
through R2 (C3 discharges 464 times faster than it charqes when a car
tridge is inserted). The analysis for unit 0 cartridge insertion and 
ejection are similar, except that U17, Pin 10, Rl, RSO, Cl, Qt, and 
U13, Pin 10 are involved In affecting the state of CINO. 

3.2 fUNCTIUNAL DESCRIPTION - CARTRIDGE ELECTRONICS peA. Refer to the block 
diagram (figure 7), sch~matic diagram (figure 8), component location 
diagram (figure 9), and parts lists (02640-60034 and 02640-60066) 
located in the appendix. 

The Cartridge Electronics PCA is a small peA (part Of the head bridge 
assembly of the CTU Transport) mounted to the tape meChanism's head 
mount. This assembly includes a 14-conductor ribbon cable Which Plugs 
into the Read/Write PCA. The ribbon cable provides all the electrIcal 
connections required by the mechanism, except motor current. 

3.2.1 CI SWITCH - CARTRIDGE ELECTRONICS peA. 

3.2.1.1 The cartridge Inserted (eI) switch (S2) is activated by the presence 
of a cartridge in the mechanism. The information concerning the 
presence or absence of a cartridge is transferred to the firmware, 
which takes the appropriate action. 

3.2.1.2 When a cartridge is inserted, contact is made between two pads on the 

Cartridge Electronics PCA. This action connects the Cl line to ground. 

When a cartridge is not inserted, the Cl line is pulled to +5 volts by 
a resistor on the Read/Write PCA. No "debouncing" circuitry is re
quired Since a delay Is provided by circuitry on the Read/write peA. 
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3.2.2 FP SWITCH - CARTRIUGE ELECTRONICS PCA. 

3.2.2.1 The File Protect (FP) switch (51) is activated when the RECOFO tab on 
the cartridge is in the record position. This allows the user to 
inhibit accidental recording of data. 

3.2.2.2 with the RECORD tab in the record position, contact is made between two 
padS on the Cartridge flectronics PCA. This contact allows current to 
flow through the center tap of the head which causes recording on the 
tape. It contact is not made then data may not be recorded on the 
tape, irrespective of whether or not the Read/Write circuitry is in the 
Write mode. 

3.2.3 LAMP DRIVER - CARTRIDGE ELECTRONICS PCA. 

3.2.3.1 The lamp driver accepts the ground true Lamp (L) signal and drives the 
lamp used as an indicator for the user. The state of the lamp is con
trolled by the firmware. 

3.2.3.2 The lamp driver circuit consists ot 051, R3, R12, and 1/2 of Ul. when 
the output of U1 is in the high state (lamp oft), R3 allows approxi
matelv 40 rnA to flow through OS1. This current keeps the filament hot 
so that the lamp turn on surge current (155 mAl is less than twice the 
nominal current. When J2, Pin 9 is grounded, the output of Ul goes 
low applying approximately 3.5 volts across the lamp. R12 limits the 
current throuqh DS1 to achieve longer lamp life. 

3.2.4 HOLE DETECT - CARTRIDGE ELECTRONICS PCA. 

3.2.4.1 The hole detect circuitry consists of a pulse generator and diode 
driver and a detection circuit. The hole detect circuit detects the 

holes in the tape and provides a ground true signal (HOLE) that Is used 
in the determination of BOT, load point (LP), early warning (EW), and 
EOT. Holes are detected with an infrared emitting diode and a photo
transistor. Most of the time the irradiance emitted by the diode is 
blocked by the opaqueness of the tape. When a hole moves in the path, 
the irradiance travels to the photo-transistor and activates it. The 
infrared emitting diode in the hole detect circuit is not on contin
uously, but is pulsed at approximately 13 kHz. By pulsing the diOde, 
more output can be Obtained with less average current and power diSSi
pation. 
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The pulsed diode output is detected, shaped and fed into the monostable 
multivibrator (one-shotl. The one-shot is retriggerable and its time 
out is slightly longer than the time period of 13 kHz. Therefore, the 
output Of the one-shot will remain true as long as it receives an input 
of at least a nominal 13 kHZ. By measuring the time that the one
shot's output remains true, it can be decided wtlether the detection 
circuit has seen a scratch, a normal hole, or the tape has run com
pletely off the end. This technique eliminates ambient light problems. 

3.2.4.2 The pUlse generator consists of U2, R6, R7 and C2. the resistors and 
capacitor control the frequency and symmetry of the output. The fre
quency is 13.125 +1-1.5 KHz. The output of U2, Pin 3 has the following 
waveform. 

I 
+SV -,-

!<-----76 microseconds----->! 
nominal 

!<--18 microseconds 
nominal 

I 
I 1 
1 __ 1 

I 
I 1 1 ___ 1 

3.2.4.3 el, CRt, Pt, R2, and 1/2 of Ul make up the diode driver. During the 
time that the output Of U1 is high (oft) Cl charges through R2. When 
the output Of U1 goes low, C1 is discharged throuqh Rl and CPt. Pl 
limits the current throUqh CR1 and R2 isolates this low impedence path 
from the +5 volts. The peak current through infrared emittinq diode 
(CRt) is approximately 200 rnA, and should provide a beam power output 
(minimum, peak) of 2.5 milliwatts. 

3.2.4.4 The detection circuit conSists of Ql, Q2, Q3, CR2, U3, R4, R5, R8, R9, 
RIO, and C4. Irradiance striKing its base reqion causes current to 
flow through Ql. Most of this current flows through Q3 and into the 
base of Q2. 02 saturates, prOViding a negative transition Which ini
tiates the time out of the one-shot multivibrator, Ul. B5 and CR2 
provide a de level to the base of Q3 that will allow the collector of 
Q3 to overcome the V(BE) of Q2. P5 also keeps the capacitance of CP2 
and Q3 cnarqed allowing faster circuit response. CR2 and Q3 provide a 
low impedence load to the photo-transistor Ql, which has a high C(be) 
thus alSO increasing response time. R4 sets the threShold ot the de
tector circuit. Ql must provide enough current to raise the voltage 
drop across R4 above the V(SE) of Q2 before Q2 will turn on. R9 is the 
collector load for Q2 and provides current for the inputs of U3 in 
their high state. RIO provides a high state for the other inputs of U3. 
R8 and C4 are the timing components tor the monostable multivibrator 
U3. The time out is 110 +1-20 microseconds. Rli provides approximate
ly 5 to 10 ner cent positive feedback giving the detection circuit a 
SChmitt-trigger characteristic. This provides a more detinite detec
tion of the hole edges. 
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3.3 FUNC1IONAL DESCRIPTION - CTU TRANSPORT ASSEMBLY. Refer to tne exploded 
view of the CTU Transport Assembly (figure 10), mounting orovisions 
(figure 11), cartridge outline (figure 12), and the parts lists (02640-
60050, 02640-60054, 02b40-60055, 02610-60056, 02b40-60057, 02640-60067, 
02640-60074, 02640-60076, 02640-00085, and 02640-60102) located in the 
appendix. 

The CTU Transport Assembly consists of a single major assembly which 
fastens to the terminal mainframe with two captive screws. tach drive 
has a signal cable and a motor cable connecting the drive to the Readl 
Write PCA. In addition, a special bezel covers th~ tront of tne termi
nal mainframe with openings for each drive. The spring loaded doors 
on the openings tor the cartridges provide finish fOr the unit and 
protection for the drives. 

Three major sub-assemblies make UP the transport assembly--the base 
assembly, the head-bridge assembly an1 the motorltachometer assembly. 
Each of these sub-assembli~s is oesigned to be seperately replaceable 
without either special tools or adjustments. figure 10 shows an ex
ploded view of the CTU Transport. 

3.3.1 BASE ASSEMBLY - CTU TRANSPORT ASSEMBLY. 

3.3.1.1 The base assembly provides the support structure for the drive. 

3.3.1.2 lhe base assembly is mounted to the terminal using two 5/16 inch well 
nuts and two number 6-32 screws. The wall thickness at the mounting 
surface should be )/: 12 gauge for metal or other material. The well 
nuts with associated screws provide convenient captive fasteners. 
More importantly, they attenuate mechanical vibrations in the 1 kHz 
region and above. Without this attenuation, sharp impacts to the ter
minal could cause read or write errOrs. A third mounting SUrface, 
faced with a rubber pad, is used for location and stabilization of the 
drive. 

In the normal mounting attitude the cartridge is held at 15 degrees to 
the horizontal. Other mounting positions may be possible but care 
should be taKen to avoid having the head surface facinQ upwards to 
collect dirt. Also the eject spring may have to be changed for other 
mounting attitudes. Provision has been made in the tooling die for the 
base for an alternate 0 degrees mounting attitude; however, this has 
not yet been implemented In an optional prOduct. Mounting dimensions 
and an outline of the mechanism are shown In figure 11. An outline of 
th~ cartridge is shown in figure 12. 

TO prevent loss of intimate tape-head contact due to insufficient wrap 
and to minimize head and tape wear due to excessive wrap, the base 
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assembly has registration surfaces which control the fore and aft 
position Of the cartridge. These surfaces are accurate to within 
+1-0.001 inch with respect to locatinq pin holes on the base. Tnes~ 
holes in turn determine the position of the head bridge assembly. 
Side-to-side location of the cartridge, a less critical registration, 
is accomplished by maintaining minimum clearance between the cartridge 
and the drive. 

3.3.1.3 the base assembly also includes a latching and release mechanism wnich 
is actuated by a release button. This button is made of green trans
parent plastiC so that it also acts as a light pipe to bring the light 
from an indicator lamp on a circuit board at the rear of the drive to 
the surface of the button. This eliminates the cost and complexity of 
a separate indicator on the bezel. The cartridge is inserted by push
ing it in against the spring loaded latch mechanism. 

Four rollers provide the locating force. Two rollers press against the 
corner of the notch in the cartridge base at about 45 degrees resulting 
in an upward force component. The other two rollers press straight up 
holding the cartridge against the locating planes in the base. A force 
of about 4 pounds Is required to insert the cartridge. The retention 
force is over 3 pounds. 

Pressing the button releases the latch taking the pressure off the four 
rollers and allowing the cartridge to pop out to a detent position for 
easy removal. The cartridge Is ejected part way by the motor assembly 
swinginQ forward. At this point the ejector rises out of the base and 
continues the cartridge motion out to the detent position. In this 
manner, the ejection force does not oppose the latching force when the 
cartridqe is fully insert~d. The mechanism resets itself dUring the 
ejection and is then ready to accept a cartridge again. The detent 
action is effected by a pawl which is spring loaded against the car
tridge by the same spring that returns the release button. 

3.3.2 HEAD BRIDGE ASSEMBLY - CTU TRANSPORT ASSEMBLY. 

3.3.2.1 lhe head bridge assembly provides the critical reference surfaces 
for head-to-tape positioning and provides mounting for the Cartridge 
tlectronics PCA. 

3.3.2.2 The head bridge assembly has three pads which contact three small areas 
on the reference surface of the cartridge. This defines a reference 
plane bOth for th~ cartridge and the drive. The magnetic head is ad
justed tor both tilt and azimuth with respect to this plane as part of 
the manufacturing process. The head itself has a ball socket whiCh 
engages a spherical "bump" molded into the plastiC head bridge. Since 
the socket is centered on the magnetic gap in the head, the tilt and 
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dzimuth adjustments are independent of one another. The vertical head 
position is controlled by maintaining close tolerances on the head and 
head bridge, and thus no height adjustment is required. The spherical 
bump is also within +/-0.001 inch with respect to the locating pins 
molded into the head bridge. This accurately controls the fore and aft 
position Of the head to maintain the proper tape-head wrap angle. Once 
set, the head adjusting screws arp sealed in position and no further 
head adjustment is required either at initial assembly Or dUrinq field 
replacement. Thus any head bridge assembly wOrKs interchangeably with 
any base assembly. 

3.3.2.3 The head bridge assembly also includes the Cartridge Electronics PCA 
(detailed in section 3.2) which performs various functions. Circuitry 
tor sensinq the position holes in the tape is included on this board. 
The infrared LED liqht source for this function is retained and pre
cisely positioned by a molded-in clamp taking advantage of the strength 
and ~imensional stability of the plastiC material used In the h~ad 
bridge to grip the LED without additional parts or machining. Car
tridge insertion and the position of the R~CORD tab on the cartridge 
are sensed by the position Of two switches. Fixed contact pads for 
these switches are on the circuit board while the moveable contacts 
with their plunger actuators are enclosed within the head bridge giving 
inexpensive, reliable, enclosed switches. 

3.3.2.4 The indicator lamp (previously mentioned) is also located on this peA 
and is enclosed bV a Shield molded of titanium-dioxide filled plastic 
for maximum reflectivity. This part serves the dual functions of 
blOCking stray light from the lamp While concentrating the light 
entering the light pipe portion of the release button. Since all in
terconnections are made on the board, no wiring harness is necessary 
on the mechanism. 

3.3.3 MOTOR/TACHOMETER ASSEMBLY - CTU TRANSPORT ASSEMBLY. 

3.3.3.1 The third subassembly of the rTU Transport is the motor/tachometer 
assembly Which consists of a motor with drive capstan, a motor mount 
and a tachometer to provide velocity feedback to the servo. 

3.3.3.2 The motor/tachometer assembly is single axis gimballed about its center 
of gravity to eliminate acceleration effects on the force developed be
tween the motor capstan and the belt capstan in the cartridge. This 
force is provided bY two exiension springs which also serve to retain 
the assembly in the gimbal and to aid in ejecting the cartridge. The 
force between capstans is 15 +/·1.5 ounces. The gimbal consists s1mply 
of two hemispherical ball and socket jOints between the motor/tachome
ter assembly and the base assembly. The assemblies are held together 
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by two extension springs which also provide the correct capstan force. 
The right hand ball and socket set prevents translation while the left 
set has an elongated socket to prevent rotation about two axes without 
causing binding due to tolerance accumulations. 

As well as retaining the motor/tachometer assembly in its gimbal, the 
two extension springs load the motor capstan against its mating belt 
capstan within the cartridge. This spring loading takes up an accumu
lation ot dimensional tolerances within both the cartridge and the 
drive while holding the force between the capstans within specifIed 
limits. The motor capstan is a polyurethane elastomer covered aluminum 
part 0.338 inches in diameter. The elastomer used has the best combi
nation at high coefficient Of friction, resistance to compression set 
and resistance to wear of a selection ot potential materials which were 
tested. The capstan is set-screwed to the motor shaft and its height 
can be set without ~pecial tools or fixtures. A variable reluctance 
tachometer is mounted to the motor/tachometer assembly. This conSists 
of a 48-tooth disc staked to the motor capstan, a piCkup coil and per
manent magnetic flux gate assembly screwed to the motor mount. The 
disc-to-pickup distance is set at 0.012 inches +1-0.002 inches. Motor 
capstans with disc attached can be field replaced without need for fur
ther adjustment. 

3.4 FUNCTIONAL OESCRIPTION - TAPE CARTRIDGE. Refer to the tape cartridge 
diagram (figure 13), hole status format (figure 14), and valid record
ing area (figure 15) located in the appendix. 

The tape cartridge shown in figUre 13 provides 120,000 bytes of storage 
in 256-byte record, single-track 0.\30 +1-0.005 inches, 800 BPI (1600 
rRPI) +1-60 BPI standard format. At 10 ips, this gives a typical burst 
rate of 1000 bytes per second and 748 bytes per second average through
put.. The cartridge consists of a metal base plate and plastiC cover. 

The tape contains 140 feet (minimum) of O.150-inch 8138 computer tape 
suitable for recording purposes. The tao labeled RECORD is used to en
able recording on the cartridge. A cartridge door is used to protect 
the tap@ during transport and storage. When the cartridge is inserted 
into the CTU Transport Assembly, the door Is opened automatically. The 
mirror is used witn the hole sense scheme. An infrared emitter located 
in the CTU Transport Assembly base shines through the base plate onto 
the mirror. Lignt is then reflected through the front of the cartridge 
to a photo-sensor in the CTU Transport Head Bridge Assembly. The l1ght 
is intercepted by the tape normally ind1cating no hole. If a hole is 
present the light will be detected by the photo-sensor. The motor cap
stan drives the belt capstan which then moves the cartridge tape via 
the belt. The belt consists of an elastomeric belt whiCh drives the 
tape by transmitting the belt capstan force to both tape reels. The 
tapp. cleaner consists of a scraper which is displaced approximately 
1.125 inches in front of the head. 
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3.4.1 

3.4.2 

HOLE STATUS FORMAT. The positioning of holes in the cartridge tape 
and the duration Of the signal from the hole detect circuitry on the 
Cartridge Electronics PCA is shown in figure 14. 

INTERCHANGE STANDARDS. The code, format of the encoded data, and the 
region Of valid recording area on the 3M 9585 mini cartridge should be 
as follows in order to facilitate product interchange. 

VALID RECORDING 
AREA 

The portion of the tape where data may be recorded 
is shown in figure 15. 

FILES 

BYTES 

RECORDS 

RECORD 
ORGANIZATION: 

Preamble 

Header 

Body 

Checksum 

Postamble 

INTEH-RECORD GAPS: 
Length 

POlarity 

FILE MARKS 

END Of VALID DATA MARK 

There may be 1 to 344 files per cartridge. 

Recording is bit serial, eight bits to a byte, LSB to 
MSB. 

Records are variable 1n length and may contain from 
12 to 267 bytes. There may be 444 to 517 records of 
ot maximum length per cartridge. 

(3) bytes octal zero followed by (1) byte octal 200 

(2) bytes to define binary length Of record (roost 
significant byte first). 

1 to 256 data bytes. 

1 byte binary addition modulo 256. 

The postamble is (1) byte octal 1 followed by (3) 
bytes octal zero. 

0.805" min., 0.905" max., 0.88 nominal. 

The IRG shall magnetize so that the beginning of the 
tape is a north seeking pole. NOTE: There are 0.01712 
+1-0.0003" of tape travel for each detected edge. 

Files shall be separated by a unique length gap and 
record as follows: 1.61" min., 1.81" max. gap 
followed by a 1.61" min., 1.81" max. gap. 
NOTE: The fIle mark. record header is unique insofar 
as the most significant byte is always a ·1". 

A file mark followed by a gap of 11 +I-O.S" 
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3.4.3 MECHANICAL SPECIFICATIONS. 

The mechanical characteristics of the cartridge are summarized in the 
following table: 

======================================================================= 
Speed 

Drive ratio (tape velocity to the 
surface of the helt capstan) 

Averaqe short term tape speed 
variations at 10 ips (flutter) 

Maximum acceleration 

Tangential driving force of belt 
capstan to maintain constant 
operating speed 

Total equivalent inertial mass of 
all cartridge moving elements 

Radial load to belt capstan 

Dynamic tape tension (measured 
at constant drive speed) 

o to 90 inches per second 
(maximum) 

0.78 +1-0.02 

+1-4% maximum with head 
inserted and excluding drive 
system variations 

2 
2000 in./sec from 0 to 90 ips 

1.0 to 4.0 ounces 

-4 2 
6 x 10 oz. sec lin. (in linear 
units referred to the outer 
surface of the belt capstan) 

15 ounces +1-1.5 ounces 

0.5 to 2.0 ounces between tape 
guides exclusive of the effect 
of tape head 

======================================================================= 
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Replaceable Parts 

Reference HP Part Oty Description Mfr Mfr Part Number 
Designation Number Code 

0, tlt0-60021 1 CONNECTOR ASSEMBLY. (,) 281t80 02"0-60021 
ReVISION DATE: 03-26-16 

OItCl-031t7 2 BUMPER fOOT. 0.25· W 13862 9668 
12~1-1881 2 CONNECTOR-PC EDGE 22-CONT/ROW ~-ROWS 71785 252-22-30-340 



Replaceable Parts 

Reference HP Part Qty Description Mfr Mfr Part Number 
Designation Number Code 

u2 t't0-60054 1 CIU BASE ASSEMBlY 284M G264G-60054 
REVISION DATi: 06-1~76 

041:3-0.:£53 1 BUMPER FOOT 00000 1Ja0 
0510-0052 1 RETAINER-IlIN' .l2S-0IA STl Co-PL. 91464 7100-12-tO 
06,,1t-().j~~ ~RE~-tP' 4-20 .2S-IH-L.G PAN-HD-POll STL 28480 0624-0331 
Uto-U82 2 wlREFORM .16~IN-W 1.42-IN-lG MUW 28480 14600-1382 
Hto-Hll 1 SPRING-EXT .12-IH-OD .1S-IN-lG MUW to 28480 1460-1411 

1'tt0-1 .. 55 1 SPRING-TilSN MUai CD 28480 1460-1455 
't040-0998 1 BUTTOH R.flEASE 00315 C-0W)4o- 1'l98-1 
4040-1012 1 BASE 28480 <W)40-1012 
4040-1095 1 LEVER RELEASE 28480 404G-I0g5 
02t'to-2000o 't ROllER. LATCH 28480 02660-20006 

02t40-40011 1 CLAMP. 811110111 28480 02640-<\0017 
02t40-'t0018 1 EJECTOR 2.480 0264o-'tOO18 
02 t'to-40019 1 BEZEl. BUTtON 28480 02640-40019 



Replaceable Parts 

Reference HP Part Oty Description Mfr Mfr Part Number 
[)esignation Number Code 

, 

Oltito-o0057 1 TAtHOMETER tIlL ASSEM8LY 28-\80 0260\0-60051 
REVISION DATE: 05-19~16 

03tc-0505 1 TER"INAL-ta~ TNG-R '2 26-22-AWG 28480 0362-0.505 
12!1-0610 3 tUNTACT-£O~ U/W-POST-TYPE FE" tRP U2 .. 08-50-0105 
12!l-3201 1 tONNEtTO. ~IN F POST TYPE 2126. 09-50-1031 
8J.!0-2353 _IRE 24AWG W 300V pvt 1X32 80C 28480 8150-2353 
91to-OOlt8 1 tOIL.TACM 2400+/-100 TURNS 28984 HO. 1t3 AWG 



Replaceable Parts 

Reference HP Part Qty Description Mfr Mfr Part Number 
Designation Number Code 

02tlto-c;.o061 1 HEAD ASSENSl:Y 28UO 02640-60067 
REVISION DAH: 03-13-16 

06£~03.H 3 SCREW-TP~ 2-56 .5-IN-LG PAN-HD-TORX STL 93907 235-02020-012 
lItCo-O,,49 1 CA8LE TIE .062-.625-DIA .09l-WC NYL 59730 TY8-23M-a 
l'ttO-1383 2 SPRING-CPRSN .l8-IN-OD .312-IN-LG MUW CD U830 LC-0268-2-..... 
JO~0-1Jo15 1 WASHER-fl M~LC NO.-2 .089-IN-IG 16921 5712-156-32 
40lto-lOU 1 HEAD. MOUNT 281taO ~0-10U 

9Hlt-OOOl 1 HEAo- CART T.APE 281t80 916+-0061 



Replaceable Parts 

lReference HP Part Oty Description Mfr Mfr Part Number Designation Number Code 

02t~0-6001<\ 1 MAGNET ASS EMILY 28.80 02~O-OO01<\ 
REVISION DATE: 03-13-16 

O~10-0515 ADHESIVE. A8lESTlK 293-lT EPOXY 1-PART 21109 293-lT 
1520-1180 2 POl.f PIECE 28~IO 1.530-1180 
91to-02~Q 1 MAGNET 28~80 9160-020\0 



Replaceable Parts 

Reference HP Part Qty Description Mfr Mfr Part Number 
Designation Number Code 

02t'-0-60076 1 DISC/CAPSTAN ASSEH8lY l8~80 OZ640-60016 
REVISICN DATE: 03-1~76 

15:;0-1781 1 MOTOR, CAPST.AH 28~.O 153er 1l 81 
16(0-0491 1 DISC, TACH •• 872- DIA 28~ao 16GO-OU1 
:;0:;0-01'-2 2 SCREW-SET .2-56 .125-IN-lG SMALL CUP-PT 2nao 303O-01~ 



Replaceable Parts 

IReference HP Part Qty Description Mfr Mfr Part Number !Designation Number Code 

02 t40-60oa5 1 MOTOR CABLE .ASSEMBL Y 28480 02640-60085 
REVISION DATE: 03-~76 

08«;0-0006 lU81NG-FLEX .20+-10 PVC .02-WALL 96904 400/461 FR-l 
1251-0670 4 CONTACJ-CO~N U/~-POST-TYPE fEM CRP 27264 08-50-0105 
1251-2505 2 CONNECTOR 2-PIN fUTILITY 27264 03-09-1022 
12!1-2600 4 CONTACT-CONN FEM CRP .093-IN-CCNT-Sl 27264 02-09-1116 
1251-3271 1 CONNECTOR ~PIN F POST TYPE 2721M 09-50-7041 

8150-1540 .. IRE 22A~G Bl 300V PVC 7X30 aoc 28480 8150-1540 
8150-1542 WIRE 22AWG R 300V PY, 7X30 80C 28480 8150-1542 
8l!o-1550 .. IRE 22AIIG W/SK 300Y PVC 7X30 80C 28480 8150-1550 
8 BO-1552 .. IRE 22AWG "'R 300Y PVC 700 80C 28480 8150-1552 



Reference 
Designation 

loKJ 
l.K'iI 
lotUU 
CKl.l. 
':;1<1, 

CK13 

t.! 
1:2 
t:.j 

HP Part 
Number 

0.2 t'.O-b 003 " 

OUo-OI06 
Olto-016b 
0180-0106 
01to-016t. 
OHo-0309 

OlitO-Olt.l 
0160-1746 
o HO-11-'6 
0150-0J,21 
0100-\)309 

01 aO-O~09 
0160-0309 
Olto-2260 
01~0-0190 

01~0-0190 

Olto-2260 
Oltil-01S9 
01~0-0200 

OHo-0200 
Olto-0153 

Olto-01b7 
OltO-0159 
OHa-3238 
0150-0121 
\)15Q-u121 

0150-0!21 
015o-u.L2! 
Olto-0153 
OltO-01S3 
01to-0970 

Olto-Olb3 
Olt0-2263 
O!/o0-0190 
OHa-C190 
Olto-U63 

OHo-01S3 
01!0-0121 
OHo-0291 
OlSo-0291 
OHo-Oll! 

OlEo-0291 
OJ. Eo-0309 
0.1.60-2055 
Olto-1055 
0160-0159 

U1t0-20~5 

19C2-00Lt9 
19C2-0049 
19(;2-00-'9 
19C2-00-'9 
19C2-00Lt9 

19(1-030,* 
19C2-0025 
19 (.l-001tO 
19C2-000-. 
l'I Cl-O-'bO 

1902-3059 

03,0-0124 
03t0-0124 
03to-0124 

120')-0,*H 
12eo-o .. H 
12 ~1-3873 

18:4-0215 
18~4-0215 

1&!4-021~ 

18:3-0036 
HI :5-0052 

Qty 

2 
2 

5 

1 
.2 

7 

2 
4 

3 
2 

4 

1 
2 

3 

5 

1 
1 
1 

1 
1 

1 

3 

2 

1 

7 

3 
It 

Replaceable Parts 

Description 

ReAD/WRITE ASSEMBLY 
DATE COOE: 8-1535-22 
REVIS1CN DATE: 08-06-76 

CAPACITOR-FXD 60UF+-20* aVUC TA 
CAPACITOR-FXD .068UF +-10~ 200~VOC POlY~ 
CAPACITOR-FXD 60Uf+-20' 6VOC T4 
CAPACITOR-fXO .068UF +-10~ 200~VDC POlYE 
CAPACITOR-fXD 4.1UF+-.20' 10VOe TA 

CAPACITOR-FXD 3932PF +-lX 300WVOC MICA 
CAPACITOR-FXD l5Uf+-l0' 20VDC TA 
CAPACITOR-FXD 15Uf+-l0X 20VDC TA 
CAPACITOR-FXD .1UF +80-20' 50WYDC CER 
CAPACITOR-FXD Lt.7UF+-lO: 10VOC TA 

CAPACITOR-FXD 4.7UF+-20' 10VDe TA 
CAPACITOR-FXO ~.7UF+-20~ 10VDe TA 
CAPACITOR-fXO 13Pf +-5t 500WVOC CER 
CAPACITOR-fXD 39Pf +-5' 300WVOC MICA 
eAPACITOR-fXD 39PF +-5' 300WVDe MICA 

LAPACITOR-fXD 13PF +-5' 500.VOC CER 
eAPACITOR-FXD 6800Pf +-10~ 200WVOC POlYE 
CAPACITOR-FlO 390Pf +-5~ 300WVCC MICA 
CAPACITOR-FXD 390PF +-5% 300WVCC MICA 
CAPACITOR-FXD 1000Pf +-10~ 200.VOC POlYE 

CAPACITOi-FXC .082Uf +-10: 200~VDC POlYE 
eAPACITOR-fXD 6BOOPf +-10% 200.VOC POlYE 
CAPACITOR-FXD .15Uf +-5% 200WVOC POlYE 
CAPACITOR-FXD .1UF +80-20~ 50_~DC eER 
CAPACITOR-fXO .1UF +80-20% 50WYDC CER 

CAPACITOR-FlO .1UF +80-20~ ,O.VOC CER 
CAPACITOR-FlO .1UF +80-20; 50~YOC CER 
CAPACITOR-fXD 1000Pf +-10% 200~VOC POlYE 
CAPACITOR-flO 1000PF +-10% 200_VDe POlYE 
CAPACITOi-fXD .47uF +-10% ~OWVDC POLYE 

CAPACITOR-fXO .03~UF +-10; 200.VOC POlYE 
CAPACITOR-fXD 18PF +-st 500WVOC CER 
CAPACITOR-FXD 39PF +-5% 300WVOC MICA 
CAPACITOR-FXD 39Pf +-5% 300.VOC MICA 
CAPACITOR-fXD 18PF +-5% 500WVOC CER 

CAPACITOR-FXD 1000PF +-10~ 200WVOC POlYE 
CAPACITOR-FXD .1UF +60-20X 50.Vue CER 
eAPACITOR-fXO lUf+-l0' 35VDC TA 
CAPACITOR-fXD lUF+-lO~ 35VOC TA 
CAPACITOR-fXO .1UF +80-20' 50WVDC CER 

CAPACITOR-FXD lUF+-l0% 35VOC T4 
CAPACITOR-fXD 4.7UF+-201 10vac TA 
CAPACITOR-FXD .01UF +80-20~ 100WVOC CER 
CAPACITOR-FXD .01UF +80-20% 100.VOC CER 
CAPACITOR-FXO 6800Pf +-10' 200.VOC POlYE 

CAPACITOR-FXD .01UF +80-20% 100WVOC CER 

DIOOE-ZNR 6.19V 5% 00-7 PO=.4W TCa+.022% 
DIODE-ZNR 6.19V 5' 00-7 PO=.4W TC-+.022' 
OIOOE-ZNR 6.19V 51 00-7 POz.4W TCa+.022% 
OIODE-ZNR 6.19V 5' D0-7 Po-.4"; TC-+.022% 
OIODE-ZNR b.19V 5% 00-7 PO=.4W TCz+.022~ 

DIOOE-FW 8ROG 200V lA 
DIOOE-Zh~ 10V 5% 00-7 PO=.4W TC=+.06% 
DIODE-SWITCHING 30V 50MA 2NS 00-35 
OIODE-ZNR 7.5V 5' 00-7 po=.-.w TC-+.05' 
DIODE-STA8ISJOR 15V 150MA D0-7 

DIOOE-ZNR 3.83Y 51 00-7 Po=.LtW TC=-.051' 

TERMINAL-STUD SGl-PIN PRESS-MTG 
TERMINAL-STUD SGl-PIN PRESS-MTG 
TERMINAL-STUD SGl-PIN PRESS-MTG 

SOCKET-IC 14-CONT DIP-SLOR 
SOCKET-Ie l-'-CONT DIP-SLOR 
CONNECTOR 4-Plh M POST TYPE 

TRANSISTOR NPN 51 PO=350MW fT=300MHZ 
TRANSISTOR kPN SI PO-350Mw FT=300MHZ 
TRANSISTOR NPN SI P0-350MW fT=300MHL 
TRANSISTOR P~P SI PO=310MW fT=250MHZ 
TRANSISTOR MCSFET P-CHAN o-MODE TO-92 51 

Mfr 
Code 

28480 

56289 
56289 
56289 
56289 
56289 

72136 
56289 
56289 
28480 
56289 

56289 
56289 
28480 
72136 
72136 

28Lt80 
56289 
72136 
72136 
56289 

56289 
56289 
56289 
28480 
28480 

28480 
28~80 
56289 
56289 
28480 

56289 
28480 
72136 
12136 
28480 

56289 
28480 
56289 
56289 
28480 

56289 
56289 
28480 
28480 
56289 

28480 

28480 
28480 
28480 
28~80 

28480 

04713 
28480 
28480 
28480 
28480 

15818 

28480 
28480 
28480 

28480 
28480 
27264 

04113 
04113 
04713 
28480 
07263 

Mfr Part Number 

15006 06 X000682 
292P683i2 
1500006XOOO682 
292P68392 
l50D415X0010A2 

DM20F3932RfQ3ooWVlCR 
15001 56X902082 
1500156 X902 OB2 
0150-0121 
1500~ 15 100l GAl 

1500475X0010A2 
1500415XOOlO'-2 
0160-2260 
DMl5£39OJ0300WVICR 
oM15E390J0300WVICR 

0160-2260 
292P68212 
DM15f391JQ300WV1CR 
DM15F391J0300WVICR 
292PI0292 

292P82392 
292P68292 
292P15452 
0150-0121 
0150-0121 

01S0-0121 
0150-0121 
292P10292 
292PI0292 
0160-0970 

292P33392 
0160-2263 
DM15E39OJ0300WV1CR 
DMI5E390J0300WVICR 
0160-2263 

292P10292 
0150-0121 
1500105X903~2 
1500105X903SAl 
0150-0121 

1500105X9035A2 
1500~ 15 XOQl OA2 
0160-2055 
0160-2055 
292P6829Z 

0160-2055 

1902-0049 
1902-00~9 

1902-0049 
1902-0049 
1902-0049 

SOA 10185-4 
1902-0025 
1901-0040 
1902-0064 
1901-M60 

CD 35586 

0360-0121t 
0360-0124 
0360-0124 

1200-0411t 
1200-0414 
09-88-2Ml 

SPS 3611 
SPS 3611 
SPS 3611 
1851-0036 
2N4360 



Replaceable Parts 

Reference HP Part Qty Description Mfr Mfr Part Number 
IDesignation Number Code 

READ/WRITE ASSEMBLY CONT'D. 
w.1» 18~5-00!)2 TRANSISTOR MCSfET P-CHAH D-MOOE T0-92 51 07263 2NIt360 
IH 18!'r-0653 2 TRANSISTOR NtN 51 PO-60w 04713 MJE521K 
1.l,1j 18!3-0369 2 TRANSISTOR PHP 51 PO-bOIll 0It713 MJE371K 
I.l'~ 18~5-0052 TRANSISTOR MCSfET P-CHAN D-MOOE T0-92 51 07263 2N4360 
1.l1u 18~5-0(j52 TRANSISTOR MOSfET P-CHAN D-MOOE T0-92 SI 01Z63 ZH4360 

1.l11 18!'r-005J TKANSISTOR NIN SI p 0'"' 6 0111 OUll MJE521K 
Q.12 18!3-0369 TRANSISTOR P.NP SI PO"60111 0It1l3 MJE371K 
QH 18 ~'r-021 :) TRANSISTOR NPN 51 PO'"'350MIII FT=300MHl 04113 SPS 3611 
1.l11t 18!3-0036 TRANSISTOR ANP SI PO-.310MIII fT=250MHl 28480 185.3-0036 
Q1; 18!'r-0215 TRANSISTOR heN SI P0-350MIoI FJ=300MHl 04113 SPS 3611 

1.110 18!.3-0036 TRANSISTOR PIIP SI P0-310MIoI fT=250MHl 28480 1853-0036 
I.lll 18!'r-021S TRANSISTOR NIN SI PO-350MIII fT=300MHl 0It1l3 SPS 3611 
,UCI .l8!1t-021S TRANSISTOR N'N SI Po-350MIoI FT=300MHl 04713 SPS 3611 

In 01~7-01t61 6 RESISTOR 68.1K 11 .125111 f TC=0+-100 24546 CIt-1/8-T0-681Z-f 
K,2 06'i8-34J8 4 RESISTOR 141 11 .125111 F TC'"'0+-100 24546 CIt-I/8-To-147R-f 
lU 01!7-0461 RESISTClR 68.1K U .1251i f TC 2 O+-100 24546 CIt-1/8-rO-6B12-F 
R'~ 01 !7-0462 8 RESISTOR 75K 11 .125111 f TC:0+-100 24546 CIt-1/8-T0-7S0Z-f 
61.5 OB1-01t62 RESISTOR 15K 11 .125111 f TC=0+-100 24546 CIt-1/8-Io-1502-F 

K,& 01~7-0It20 4 RESISTOR 750 11 .125" F TC=0+-100 24546 CIt-1/8-T0-751-F 
61.1 OB7-012J 1 RESISTOR 34.8K 11 .125W F TC=0+-100 24S1t6 C4. T-O 
61.,8 06S8-3438 RESISTOR lIt7 11 .125W f TC=0+-100 24546 CIt-1/8-yo-147R-F 
R'~ 06S8-3438 RESISTOR lIt7 11 .125W F TC=0+-100 24546 CIt-1/8-To-141R-F 
IUO 07!7-0It61 RESISTOR 68.1K 11 .125111 f T(;=0+-100 Z4546 CIt-1/8-T0-681Z-E 

"11 0757-0461 RESISTOR 68.1K 1~ .12'111 F TC=0+-100 Z4546 CIt-1/8-T0-681Z-F 
IU2 06'i8-3260 2 RESISHlR ~4K 1~ .125101 F TC=0+-100 'U637 CMF-55-1. T-l 
IUJ 0157-0461 RESISTOR 68.1K l' .125101 F TC=0+-100 24546 CIt-1/8-r0-681Z-F 
61.14 06S8-3260 RESISTOR 4641 1~ .125111 f TC:0+-100 91631 CMF-55-1. T-1 
eU!) 01 !7-0It61 ReSISTOR 68.1K 11 .125W f rCa O+-100 24546 C4-1/8-T0-6812-F 

Rlo 01!7-0It59 6 RESISTOR 56.2J(. U .125W F TC=0+-100 2~546 CIt-1/8-TO-562l-F 
lU1 0757-0459 RESISTOR 56.2K U .125111 F TC:0+-100 2~546 CIt-1/8-10-5622-F 
R.ld 0157-0It59 RESISTOR 56.2K U .125W F rC=0+-100 2~546 CIt-1/8-10-5622-f 
IU9 01!7-0Lt59 RESISTOR 56.2K U .125. F lCa O+-100 24546 CIt-1/8-T0-5622-F 
",20 06S8-.3151 1 RESISTOR 19.6K U .125W F TC=0+-100 2451t6 CIt-1/8-To-1962-F 

It ,a 0157-0459 RESISTOR 56.2K U .125111 F TC=0+-100 2451t6 CIt-1/8-T0-5622-F 
ItU 01!7-0459 'RESISTQR 56.2K U .125" F TCa O+-100 2451t6 CIt-1/8-J0-562Z-F 
1t,2J 0698-3464 1 RESISTOR 1.HM U .5111 f TC=0+-100 91637 MFF-1/2-10 
"',21t 01 !7-OItItJ 1 IlESISIOR 16.2K U .125W F TC"0+-100 2~51t6 Clt-1/8-To-16Z2-F 
It,l!j 0157-0199 1 RESI S TOR 21.51( U .125111 F TC=0+-100 245~6 CIt-1/8-To-Z152-F 

61._zo 0157-01t62 RESISTOR nK 11 .125" f lC=0+-100 2~51t6 CIt-1/8-T0-7502-F. 
KU 0157-0462 RE;iISTOR 75K 11 .1Z5111 F TC-0+-l00 24546 CIt-1/8-T0-7502-f 
k_Z~ 06<;8-3453 2 RESISHIR 196K l' .125111 F TC=0+-100 24546 CIt-1/8-To-1963-f 
1t,,9 06S8-3158 2 RESISTOR 23.7K l' .125111 F TC=0+-100 Z1t546 C4-1/8-To-Z312-F 
R:~u 0157-031t6 2 RESISTOR 10 l' .125111 f TCs O+-I00 21t51t6 CIt-1/8-TO-1oao-F 

It.u 0811-1552 1 RESISTOR .56 5~ 2. P. TC=0+-800 7501t2 BWH2-9/16-J 
IU" 01';7-0438 4 RESISTOR 5.11K l' .125W F TC-0+-100 2~51t6 Clt-1/8-TO-5111-F 
iUl 0157-0It28 2 RESISTOR 1.62K l' .lZ5111 F TC=0+-100 24546 Clt-1/8-To-1621-F 
iU4 01!7-0It62 RESISTOR 75K l~ .125W F TC-0+-I00 24546 Clt-1/8-T0-1S02-f 
It.~) 0157-0462 RESISTOR 75K l' .125W F TC=0+-100 2 .. 546 Clt-1/8-To-7502-F 

JUG 0157-:-0443 4 RtoSISTOR 11K U .125111 F TC=0+-100 24546 Clt-1/8-T0-1102-f 
IU7 01~7-01t01 2 RESISTOR 100 1~ .125" F TC=0+-100 2~546 C1t-1I8-TO-Ull-f 
K:~8 0658-3 .. 56 2 RESISTOR 287K 11 .125. F TC=0+-100 24546 Clt-1/8-T0-2873-F 
fU9 06S8-3456 RESISTOR 2871 l' .125" F TC=0+-100 2451t6 CIt-1/8-J0-2813-F 
K-~O 06S8-3150 3 RESISTOR 2.37K l' .125W f TCa O+-l00 21t546 Clt-1/8-lo-Z371-F 
RII2 0757-0420 RESISTOR 750 1% .125W F TC=0+-100 24546 C4 -1/8 -TO-751-F 
RU 06S8-3150 RESISTOR Z.37K l' .125111 F TCs O+-100 24546 CIt-1/8-To-Z371-~ 
14.,~,* 06S8-3158 RESISTOR 23.1K l' .125W f Tes O+-l00 2451t6 CIt-1/8-T0-2312-F 
It-ft; 0157-0346 RESISTOR 10 l' .125W F TC=0+-100 24546 C1t-1/8-T0-10Ro-F 
,,-ft .. 0157-0It38 RESISTOR 5.11K l' .lZ5W F TC=0+-100 24546 CIt-1/8-T0-5111-F 
R,ftl OB7-0"38 RESISTOR 5.11K l' .125111 f TC=0+-100 24546 CIt-1/8-T0-5111-f 

,,-~~ 06U-S245 1 RESISfOR 8201( 5' .25111 FC TC--800/+900 01121 CB8l45 
fc.-~~ 01!7-0itLtJ RESISTOR 11K l' .125111 F TC~0+-100 24546 CIt-1/8-T0-1l02-F 
61.:50 06S8-~1t38 RESISTOR 147 l' .125" F TC'"'0+-100 2451t6 CIt-1/8-To-147R-F 
R:)l 06«;8-3'*53 RESISfOR 196. l' .125. F TC-0+-I00 24546 Clt-1/8-To-1963-f 
1t:)4 OB1-0438 RESISTOR 5.11K l' .125111 F TC:0+-100 2451t6 CIt-1/8-T0-5111-F 

1t:55 2100-3201 1 RESISIOR-TRMR 5K 101 C SlOE-AOJ I-TRN 73138 72-145-0 
"':)0 0757-0401 RESISTOR 100 II .125111 F TC=0+-100 2451t6 CIt-1I8-10-101-F 
1t:)7 0157-0It28 RESISTOR 1.62K l' .125W F TC=0+-100 Z1t5 .. 6 CIt-1/8-To-1621-F 
R:59 06S8-0082 1 RESISTOR 461t l' .125W F TC=0+-100 21t546 Cit-I I 8-1 o-It 640-f 
61..&0 0757-01t02 RESISTOR 15K l' .125W F TC=0+-100 24546 Clt-1/8-Jo-15~F 
R!i8 0757-0420 RESISTOR 750 1% .125ft' F TC=0+-100 24546 C4-1 /8-TO-751-F 
It ,!» 1 0157-0It62 RESISTOR 75K l' .125111 F lC-0+-100 24546 CIt-1/8-10-7502-F 
R,&2 0157-01t~3 RESISTOR 11K 1~ .125W F TC=0+-100 2 .. 546 CIt-I/8-To-11Ql-F 
IlI!»l 0757-0itLt3 RESISTOR 11K l' .125. F rC=0+-100 24546 Clt-1/8-T0-1102-F 
14.,[»4 00S8-3150 RESISTOR 2.37K l' .125. F TC=0+-100 2~546 Clt-1/8-T0-2371-f 
",,1»5 01!7-0It20 RESISTQR 750 l' .125. F lC=0+-100 2 .. 546 CIt-1/8-T0-751-F 

IU01 1810-01Z5 2 NETWDRK-RES 8-PI~SIP .125-P IN-SPCG 11236 150 
R10.! 1810-0125 NETIilORK-RES S-PU4-SIP .125-PIN-SPC~ 11236 750 
fUuJ 18.10-0151 2 NETWORK-RES I-PIN-SIP .15-PIN-SPCG 28480 1810-0151 
1U0,* lalD-0151 IIIET .. QRK-RES 1-PIN-SIP .15-PIN-SPCG 28480 1810-0151 
IUOo 1810-0031 2 NETWORK-RES 10-PIN-DIP .1-PIN-SPCG 11236 760 SERIES/16 PIN 



Replaceable Parts 

Reference HP Part Qty Description Mfr Mfr Part Number 
Designation Number Code 

READ/WRITE ASSEMBLY CONT I D. 
IU~7 1810-00.H NETWORK-RES 16-PIN-DJP .1-PIN-SPCG 11236 760 SERIESl16 PjN 

U1 18~b-0138 1 Ie lM 339 C,"MPARATOR 21014 l"319N 
Ui 18~0-1~60 1 IC-DIGITAl SN14221N TTL DUAL 01295 SN7422lN 
U3 18410-0491 1 IC-DIGITAl SN7ltH5N TTL It BCo-TO..,DEC 01295 SNn145N 
U4 U416-0.aOO 2 IC MC 1420 0' AMP 04113 Me1420G 
U~ 18~o-0200 IC MC Ilt20 0' AM. 04113 Me1420G 

Uo 18~o-0139 It IC MC 1458 OP AMP GUll MeU58P1 
U7 18~6-OH9 Ie MC 1458 OP AMP 04113 Me1458Pl 
Ub 18,,6-0139 IC MC 11t58 OP AMR 04113 Me1458Pl 
U9 18~o-0139 Ie MC 1458 O' AMP 04713 "C1458Pl 
U10 18,,0-0571 2 ie-DIGITAL 5N1416N TTL HEX 1 11295 SNl.16N 

UlJ. IB~o-05H 1 Ie-DIGITAl SNllt2bN T1L QUAD 2 NAND 01295 SN7426N 
Ull 18,,0-1208 1 IC-DIGITAl SN11tlS32N TTL lS QUAD 2 OR 01295 SN14lS32N 
uu 18~0-11tlb 1 IC-DIGITAL SN14lSIitN TTL lS HEX 1 INY 01295 SNHLSUN 
U14 IB,,0-li02 1 IC-DIGITAl SN14lS10N TTL lS TPL 3 NAND 01295 SN14lSlIN 
Ul, 1B41o-1It25 1 lC-DIGlTAl SM11tlS132N TTL lS QUAD 2 NAND fU295 SN71tlS1J2N 

U1u .1.8 ,,0-09B1 1 IC-DIGITAl. CDlt016AY 'MOS QUAD 81lATl 02135 CO<\QI6AV 
Ull 18~o-0571 Ie-DIGITAL SNllt16N TTL HEX 1 01295 SN14UN 
Ulb 18,,0-1201 J(;-O I GIT Al SN1ltLS08N TTL LS QUAD 2 AND 01295 SN74lSOIN 

MISCEllANEOUS 

03'10-0585 1 INSUlAJOR MICA 28480 03~0585 
12(0-0081 It INSUlA'OR-8S~G-FlG NYLON 28480 1200-0087 
2190-0004 4 WASHER-LK INTl T NO.-It .115-IN-10 OG191 418-8C EYER LOCK WASHER 
22Co-Ollt3 It SCREW-MACH 4-40 .375-IN-LG PAN-Ho-POZI 28480 2200-0143 
22to-OO02 It NUT-HEX-D8l-CHAM ~40-THD .06l-THK 28480 2260-0005 

601t0-0i.j9 GREASE:SllICIlNE CC"P(lUNO 05820 120-5GM 
026-1t0-201l01 1 tlEAT SItU( 28UO 02640-21001 



Replaceable Parts 

Reference HP Part Oty Description Mfr Mfr Part Number 
Designation Number Code 

02t4u-oOOH 1 CIU INTERfACE ASSEMBLY 28480 02640-600.33 
DAlE CODE: 8-1508-22 
REVISION OATf: 04-15-76 

1.1 OltO-0393 1 CAP4C I TOi-FXD 39UF+-101 10VDC IA 56289 15OO396X901Q82 
1~2 Olto-2055 17 CAPAC IlOR-FXO .01UF .. 8o-ZulC 100WVOC CER 28480 0160-2055 
4~S OHo-~055 CAPAC IlOR-FXO .01UF .80-20~ 100.VDC CER 28480 0160-2055 
4~4 JUo-ZO!)5 CAPAC I TOR-fXD .01UF *80-Z0~ 100_VOC CER 28480 0160-2055 
4:5 Olt0-20S5 CAPAC IlOll-FXD .01UF .. 80-20lC J.OOWVDC CER 28480 016.0-2055 

4~6 ,Ht0-20S5 CAPACIIOIl-FXD .01UF "80-Z01 100WVOC CER 28480 0160-20;5 
I~ 1 OH0-2055 CAPAC IlOR-FXO .01UF +80-20lC 100 .. VDC CER 28480 0160-2055 
I.~ aUO-lOSS CAPAC IlOR-FXD .OlUF +80-201 100WVOC CER 28480 0160-2055 
4~9 QUo-ZOS5 CAPAC IlQa-fXO .01UF .. 8 O-l 0:: 100WVDC CEil 28480 0160-2055 
4:1(; ,Ut0-205S CAPACITOR-fXD .01Uf .. aO-lO* 100WVOC CER 28480 0160-2055 

4~ J.J. 0It0-20S5 CAPAC I TOR-fXD .01Uf "80-20' 100WVDC CER 28480 0160-2055 
4:1L OU0-20S5 CAPAC IlOR-fXD .01Uf "80-.2"~ 100WVOC CER 28480 0160-2055 
I.U Qlt0-20S5 CAPAC I TOR-fXD .01Uf .. 80-201 100 .. voe CER 28480 0160-2055 
1.14 ulto-ZuS5 CAPAC IlOll-fXD .01Uf +80-zu, 100WIIDC CER 28480 0160-2055 
':15 alt0-20S; CAPACI TOR-fXD .01Uf .. 80-20* 100WVDC CER 28480 0160-2055 

I:lb Olt0-20SS CAPAC I TOll-f X 0 .01Uf *80-Z0:C 100wIIoe CER 28480 016Q-2055 
1.17 QUo-Z055 CAPAC IlOR-FXD .OUIF .. 80-20~ 100_VDC CER 281t80 0160-2055 
I~Ul o H0-20SS CAPAC I TOR-fXD .01Uf -ta0-201 100WIIDC eER 28480 0160-2055 

I:J. 1l3tO-0121t 3 H:RMI NAL-STUD SGL-PUI PRESS-lUG 281t80 0.360-0124 
1:2 03 to-O l2 It HRMINAL-STUD SGL-PUI PRESS-lUG 28480 0.360-0124 
4:,j Q3tO-Oillt TERMINAL-STUD SGL-PIN PReSS-MTG 28480 0.360-012/t 

IU 1810-0.121 1 NETWORK-RES 9-PIN-SIP .15-PIN-SPCG 28480 1810-0121 

IJU 18~0-.1209 5 U;-DIGIlAL SN7/tLS38N TTL LS QUAD 2 NAND 01295 SN7~LS38N 
IHL lC1~0-1209 IC-DIGITAl SN7/tLS38N TTL LS QUAD 2 NAND 01295 SN7/tLS.38N 
IJh 18~0-1100 .2 Ie-DIGITAL SN7/t298N TTL QUAD 2 01295 SN74298N 
lalt 18~0-1~16 .2 le-DIGlTAt. Sk7/tLS19/tAN TTL LS R-S 01295 SN74L Sl9/tAN 
.Jij 18~0-1196 2 It-DIGITAL SN74lS17~H TTL lS HEX 01295 SN74lS17ItN 

\J1b 184:0-1281 1 IC-DIGITAL Sh74lS139N TTL LS DUAL 2 01295 SN74LS139H 
1J.ll 18~0-1282 3 IC-DIGITAL SN74LS109~ TTL LS DUAL 01295 SN74LSI09N 
IJld 18~0-1~01 1 Ie-DIGITAL SN7/tLSQ8N TTL lS QUAD 2 AND 01295 SN7ltLSOSN 
1J1~ 18~0-1203 3 IC-DIGITAL SN7ltLS11N TTL LS TPl 3 AND 01295 SN7ltLSllN 
1J21, 18~0-1112 Z It-DIGITAL SN7/tLS7/tN TTL LS DUAL 01295 SN74LS7ottN 

IJ~~ 1d~0-1,,09 Ie-DIGITAL SN7/tLS38N TTL lS QUAD 2 NAND 01295 SN74LS.38N 
1J2,j 1820-1203 It-DIGITAL SN7ltLSllN TTL lS TPL 3 AND 01295 SNHLSllN 
1J2't 18~0-1112 Ie-DIGITAL SN74LS7/tN TTL LS DUAL 01295 SN74LS7~ 
IJ2j 1840-1282 Ie-DIGITAL SN7/tLSI09N TTL lS DUAL 01295 SNlltlS109H 
1J20 18~0-128.2 Ie-DIGITAL SH7/tLS109N TTL LS DUAL 01295 SNl/tLS109H 

1J27 Ui40-1197 2 H;-OIGITAl SN7/tLSOON TTL lS QUAD Z NAND 01295 SN74LSOON 
1;2($ 1o~0-1l96 1(~-DIGITAl SN7ltLS174N TTL lS HEX 01295 SN74LS11/tN 
1J.l'J 1b~0-1Z11 1 IC-DIGITAL SNlltLS86N TTL lS QUAD 2 01295 SN74LS86N 
Inl 18~o-1209 IC-DIGITAl SN7ltLS38N TTL lS QUAD Z NAND 01295 SNl/tLS.3SN 
'J.1~ 1840-1209 le-DI GIT Al SN7/tLS.38N TTL LS QUAD Z NAND 01295 SN74LS.38N 

IJ:U 1840-1100 It-DIGITAL SN7/t298N TTL QUAD .2 01295 SN74298N 
IU .. 1840-1276 Ie-DIGITAL SN7/tLS194AN TTL LS R-S 01295 SN74lS194AN 
1J3, Id4u-1199 3 IC-DIGITAL SN1/tLSOitN TTL lS HEX 1 01295 SN14lS0~ 
IUo 1820-1.202 3 IC-DIGITAL SN7/tLS10N TTL lS TPl 3 NAi'4D 01295 SN7US10N 
lUI HI20-1ZlS 1 IC-DIGlTAL SN74LS1.36N TTL lS QUAD 2 01295 SNlltLSU6N 

IJsd 18~0-1Z02 IC-IHGlTAL SN74LS10N TTL LS TPl 3 NAND 01295 SN14LS1ON 
IU." 18~0-1l99 Ie-DIGITAL SN14LSO/tN ITL l~ HEX 1 01295 SN74LS04N 
IJUIl 1840-1203 Ie-DIGITAL Sh7ltLSllN ITl LS TPL 3 AND 01295 SN7~LSIIN 
IHu 1840-1191 Ie-DIGITAL SIII7/tLSOON TTL LS QUAD 2 NAND 01295 SN7ItLSOON 
1J11~ 18~0-1Z02 Ie-DIGITAL SN7ltLS10N TTL lS IPl 3 hAND 01295 SN74lS10N 

u2.1U 1840-1144 1 It-DIGITAL SN7/tLS02N TTL lS QUAD 2 NOR 01295 SN74LS02N 
IJZJ.J. 18~o-U99 Ie-DIGITAL SNHLSOItN TTL LS HEX 1 01295 SN7ItlSO~ 
1J2U 18~0-0716 It IC-DIGITAL SNH161N TTL BIN SYNCHRO 01295 SN7'tl61N 
1J2J..J 1820-0716 Ie-DIGITAL SN7't161N TTL dI" SYNCHRO 01295 SN7U61N 
1J4!J.1t 1840-0116 "-DIGITAL SNH161N TTL tlilil SYhCHRO 01295 SN74161N 

1J310 18~0-1208 IC-OIGITAl SN7/tLS32N TTL lS QUAD 2 OR 01295 SN7/tLS32N 
1J3.lJ. la~o-0711t Ie-DIGITAL SNl'tl61N TTL. SIN SYNCHltO 01Z95 SN14161N 
IJ.31i 18~0-1l91t 2 Ie-DIGITAL SN74LS19.3N TTL lS 81N 01295 SN74lS1t3N 
1J3U 1840-1191t IC-CHGITAl SflHLS193N TTL LS BIN 01295 SN7~lS193H 

IH 11 1 !9-000S 1 WIRE Z2AIIIG iii PVC lX22 80C 28480 8159-0005 



Replaceable Parts 

Reference HP Part Qty Description Mfr Mfr Part Number 
Designation Number Code 

02 HO-bOO3't 1 CTU ELECTROhlCS ASSEMBLY 28~8P 02"()-600a~ 
DATE CODE: B-1632-22 
REVISION DAlf: 08-04-76 

1..1 OUo-.l1.Jl 1 CAPACITOR-FXD 6.8Uf+-20~ oVDe TA 56289 1500685XOO06A2 
(...! 0160-0153 1 CAPACITOk-fXD 1000PF +-10~ 200.VDe POL'fE 56289 292PI0292 
L~ 01 So-0393 1 CAPACITOR-fXD 39Uf+-l0' LOVDe IA 56289 lSOO396X901Q82 
1.. .. Olto-Ol'H 1 CAPACITOR-fXO .015Uf +-lO~ lOO.VOC POLYE 56289 292P15392 

LKL L9Cl-OOIt0 1 DIOOE-SWJTC~JNG lOV SOMA 2NS 0(-35 28480 1901-0040 

0;)1 2140-04jO 1 LAMP-INCAND 1362 5VDC 115MA T-1-3/It-BULB 111" C"1-1362-A525:1 
4040-1017 1 SHI HO. LIGHT 28~80 ~~o-I011 

JL L~!1-319Z 1 (UNNECIOR ~FIN M pOST TYPE 21264 09-6o-1.o3.!'2~3-03A) 

w~ 18!It-0071 1 lRANSIST~ NPN SI PO-300M. FT=200MHl 28~80 1851t-001l 
!,lei 18~3-00Z0 1 IKANSISTDR Php SI PO-300MW FT=150MHZ 28~80 185)-0020 

xl 06U-O't75 1 RUISTOR 4.7 5:1 .25W FC TC=-40C/+500 01121 CB41G5 
k~ 06S3-5b05 1 RES ISTOR 56 5l .25W FC Te=-400/+500 01121 C85605 
j(.j 060-1015 1 RESISTOR 100 5l .25. FC TC=-400/+500 01121 C81.o15 
K" ObfJ-1525 1 RESISTOR 1.5K 5& .25W FC TC=-400/+100 01121 C81525 
H.5 06~3-1035 3 Rt:SISIOR 10K 5:1 .25W FC TC=-400/+100 01121 C81.o35 

Xb 06<;8-3159 1 RESI STaR 26.1K 1:1 .12~W F TC=0+-100 245~ CIt-1/8-TO-2612-F 
",7 07 ~1-0459 1 RESISTOR 56.2K n .12.5W F rC=0+-100 2~~6 CIt-1/8-TO-562Z-f 
Kb 06"6-315ti 1 RESI STOR 23.1K 1l .125W F TC=0+-100 245~6 CIt-1/8-To-231Z-F 
K9 060-1035 RESISTOR 10K 5:1 .2SW FC TC=-400/+100 Illl2l C81035 
Kl.U 06B-lu35 R~:'ISTOR 10K 5l .25. Fe TC=-400/+700 01121 C81035 

K11 OotJ-68.35 1 R~SlS1QR 6aK 5~ .25W FC 1C=-400/+800 01121 C86a35 
lilL Ooc;1-15()5 1 RE:'ISTOR 15 5' .25W FC 1C=-400/+500 01121 C81505 

Ul la~o-05j5 1 lC-DIGITAL Sh1~516P TTL DUAL :£ AND 01295 SN15~518P 
U2 1826-0373 1 IC LINEAR 
U.J \8~o-O.207 1 lC-DIGITAL 9601PC TTL MONOST6L 01263 9601PC 

1251-4099 2 CONN - SC 



Replaceable Parts 

Reference HP Part Oty Description Mfr Mfr Part Number 
Designation Number Code 

02t .. 0-600S0 1 CTU TRANSPORT ASSEMBLY 280\80 0261t0-600S0 
R~VlSION DATE: 06-30-76 

06~0::H. 3 SCREW-TPG "-20 .315-1N-LG PAN-hD-POll 28480 062"-031S 
}.4(:0-1381 2 SPRING-fXT .187-1N-OD .75-1N-lG MU~ CD 8 .. 830 LE-022B-Oo-MW 
14(:0-1440 1 SPRING~'RSH .12-IN-CO .25-1N-LG MUW CD 84830 LC-Ol4A-IMW 
15~o-0067 2 SHOCK MOUNT ... ..-EFF-WGT .31- ot 61957 WEll-NU.T £-632 
2 Ho-0020 3 WASHER-LK HLCl NO.-S .128-1N-ID 28480 2190-0020 

23(:0-0205 2 S~RfW-MACH 6~32 .75-1N-lG PAH-HD-POll 28480 2360-02 OS 
30~o-0227 2 WASHER-fL MT~C HO.-6 .149-1N-IC 80120 AN960C-6 
112..-5066 1 LABEL 
02 6lt0-~01 «> 1 PAWL 28UO 02640-40016 
021140-600S .. 1 ASSY, CTUBASE 28480 026!\0-6ooS4 

02(:40-600S; 1 ASSY. HOIOIl/.TACH 28480 02640-600SS 
QU .. 0-600St> 1 ASSY. HEAD "lOGE 28480 02640-61056 



Replaceable Parts 

Reference HP Part 
Qty Description Mfr Mfr Part Number 

Designation Number Code 

041tit0-60055 41 MOTOR/TACHOMETER ASSEMBLY 280\80 02640-60055 
ReVISION DATi: 03-13-76 

OO~o-18.H 1 <-ASTING 280\80 0050-1831 
04 (3-0:n3 1 BUMPER fOOT. RUBBER 0.312" W 13862 It59 
0410-0it43 AOHESIVE 80NDING:'22't-1 00000 080 
0515-0029 :; SCREW-MACH M~ X 0.40 6-MH-LG 90 DEG 28lt80 0515-0029 
06~4-029b 2 SCREW-TPG 2-56 .375-IN-LG PAN-tiD-POll 28480 062 ..... 0300 

12!1-2!ilO 1 CONNECTOR 2-RIN " UTILITY 27260\ 03-09-2022 
141!1-2599 2 CONTACT-CGNN MALE CRP .093-IN-CONT-Sl 27264 02-09-2116 
litC()-Ol't9 1 CASlE TIE .062-.625-0IA .091-WO NYL 59730 TY8-23M-8 
1 'tt()-l'tl 2 1 WIREfOaM .699-IN-W 1.032-IN-LG MUW CD 28480 10\6D-1U2 
21 S()-Ob89 2 WASHER-SRR 8LVL NO.-2 .093-IN-IO 70412 80181-001 

31"'0-0544 1 MOTOR-DC PE~ MAG 6V 5000-RPM 280\80 310\0-054<\ 
02HD-b0057 1 ASSY. TACH C'ClL 28480 02640-60051 
02titD-60076 1 ASSY. OSC/CAPSTAN 280\80 02640-60016 
02640-60074 1 ASSV. MAGNET 28480 02640-60074 



Replaceable Parts 

Reference HP Part Oty Description Mfr Mfr Part Number Designation Number Code 

02 t.0-600S6 1 HEAD BRIDGE ASSEMBLY 28.80 02 M0-60056 
REVISION DATE: 03-13-16 

06~+-0301 2- SCREW-TPG 2-28 .Z5-1N-LG PAN-HD-PHL STL 28UO 062+-0309 
06~'r-033l 2 SCREW-TPG 4-20 .25-IN-LG PAH-HD-POll STL 28480 062+-0331 
19Cjlr043S 1 PHOTDTRANSISIOR VAX-20V BVECOzSV 01263 FPTl20 
19Cj~~92. 1 LED-INFRARED IF-100MA-MAX BVR-2V VF-l.8V 28.80 199.Q-Or.92 
02t4D-00012 2- SWITCH. CONTACT 28UO 02640-00012-

02HD-400l!» 2 PLUNGER 2B<\80 026'*0-40015 
02t4D-60011t 1 ASSY. CTU ELICJRONICS 28<\80 02640-6.03<\ 
02 t<\lr60066 1 ASSY. CABLE '(;TU 28<\80 026.0-60066 
02 L<\D-60061 1 ASSY ... EAD 281t80 026<\0-60061 



Replaceable Parts 

Reference HP Part Qty Description Mfr Mfr Part Number 
Designation Number Code 

1),,(40-<>00bo 1 CIU CA8LE ASSEMSlY l8~O 02"0-60066 
REVISION DATE: 05-1~-76 

04W-Ol'JJ. 1 GKOMMEt. CHANNEL 0.125- W 06915 DSC-1DUROSTAIP SPEC 
ll~1-2499 2 CONNECTOR 14~PIN M RECTANGULAR 16381 30\06-0000 
Iil~o-1458 CA RBN 14 )( 28 GA UL 16381 3365-14 



Replaceable Parts 

Beference HP Part 
Qty Description Mfr Mfr Part Number [)esignation Number Code 

02t40-6010;" 1 cru BEZEL ASSEMBLY 2Blt80 0261t0-61102 
REVISICN DATE: 09-18-76 

09(,5-0126 It -0" RING •• 111t--10 5Eltit0 03.006 
14to-1448 2 SPRING-TRSN MUW CD 28480 lIt60-11t1t8 
21c:.0-0006 4 WASHER-LK HLCL NO.-6 .141-1N-1& 281t80 2190-0006 
23t0-021<) 4 SCREW-MACH 6-32 1.315-IN-LG PA~-Ho-POZI 281t80 2360-0219 
40lo0-1ulit 2 DOOR. BEZEL 28ltBO 1t04o-10l't 

100100-1015 1 BEZEL 281t80 1t040-1015 
02 t4io-000O~ 1 STIFFENER. BiZEl 28·UO 0261t1t-00003 
0460-1062 TAPE - INDL .375W 
3050-0247 4 WASHER - #6 FIBER 


