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GENERAL INFORMATION 

1.1 Certi fication 

Gould Inc. certifies that this instru
ment was thoroughly tested and found to 
meet its published specifications when it was 
shipped from the factory. 

1.2 Warranty 

All Gould Inc. products are warranted 
against defects in materials and workman
ship. This warranty applies for one year from 
the date of delivery, or, in the case of 
certain major components listed ,in the 
operating manual, for the specified period. 
We will repair or replace products that prove 
to be defecti ve during the warranty period. 
If a unit fails within thirty days of delivery, 
Gould Inc. will pay all shipping charges re
lating to the repair of the unit. Units under 
warranty, but beyond the thirty day period, 
should be sent to Gould Inc. prepaid and 
Gould Inc. will return the unit prepaid. Units 
out of the one year warranty period, the 
customer will pay freight charges. IN THE 
EVENT OF A BREACH OF GOULD INC.~S 
WARRANTY, GOULD INC. SHALL HAVE 
THE RIGHT IN ITS DISCRETION EITHER 
TO REPLACE OR REPAIR THE DEFECTIVE 
GOODS OR TO REFUND THE PORTION OF 
THE PURCHASE PRICE APPLICABLE 
THERETO. THERE SHALL BE NO OTHER 
REMEDY FOR BREACH OF THE WAR
RANTY. IN NO EVENT SHALL GOULD 
INC. BE LIABLE FOR THE COST OF 
PROCESSING, LOST PROFITS, INJURY TO 
GOODWILL, OR ANY SPECIAL OR CON
SEQUENTIAL DAMAGES. THE FORE
GOING WARRANTY IS EXCLUSIVE OF ALL 
OTHER WARRANTIES, WHETHER EXPRES-
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SED OR IMPLIED, INCLUDING ANY WAR
RANTY OF MERCHANT ABILITY OR FITNESS 
FOR A PARTICULAR PURPOSE. 

1.3 Instrument Description 

The Model DTO-l Digital Testing Oscillo
scope is a multipurpose instrument used for 
the design, test, and maintenance of digital 
equipment. Among its many features is the 
ability to compare automatically logic traces 
from a unit under test against prerecorded 
logic traces from a known good system. 

The DTO-l \ is basically a logic recorder 
that digitizes signals one at a time and displays 
up to eight logic traces on a common time 
scale. These logic traces can provide pretrigger 
and/or delayed information. Digitized signals 
and their associated attributes can also be 
stored on magnetic tape, then recalled for 
logic trace display at a later date. Logic traces 
from magnetic tape and logic traces from 
newly digitized signals can appear simulta
neously on a common time scale. The "old" 
tra~~s can be automatically expanded or com
pressed up to 25% to compensate for dif
ferences in clock rates between the "old" 
traces and the "new" traces. Each "new" trace 
can be automatically compared to a corres
ponding trace from magnetic tape to determine 
whether disagreements are within acceptable 
limits. The result of this comparison is in
dicated by PASS/FAIL LEOs. The exact areas 
of logical disagreement are also underscored 
on the display ~ 

In addition, a signal can be digitized to 
one part in 39. The resulting analog waveform 
and up to three logic traces can be simulta
neously displayed on a common time scale. 



1.4 Speci fications 

INPUTS 

Data (Referred to tip of probe). 

Impedance. 10 M Q, 15 pF. 

Voltage range. ,:t25 V, protected to +200 V. 

Threshold voltage. +25 V, adjustable in 0.1 V 
steps, accurate to i100 MV ,:t3% of reading. 

Minimum pulse width. 10 ns when 50% or 
more of pulse height exceeds the threshold 
voltage. 

Sample rate. 2 Hz to 100 MHz, accurate 
to 0.1%. 

Number of bits stored. 1000 per trigger 
event. 

* Resolution of stored bits. 50 ns to 1 ~s/div 

-- 10 ns. 2,us to 5 s/div s/div -- 100. 

Trigger (Referred to tip of probe). 

Impedance. 10 M Q, 15 pF. 

Voltage range. ,:t25 V, protected to +200 V. 

Threshold voltage. +25 V, adjustable in 0.1 V 
steps, accurate to ;200 mV ,:t3% of reading. 

Minimum pulse width. 20 ns when 50% Dr 
more of pulse height exceeds the threshold 
voltage. 

Source. Internal, Internal Auto, Auto, 
External Auto and External. 

Slope. Positi ve or Negati vee 

Position (Referred to oQ-e division from left 
side of display). -180 divisions to +180 
divisions in 0.1 division steps, accurate to 
:!:,0.1 % of reading :!:,2 samples. 

COMPARE 

** Resolution 50 ns to 1 ,us/div -- 40 ns. 

2 ,us to 5 s/div -- 4X s/div 
100 

*+130 divisions in Program Mode. 
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OUTPUT 

Probe Calibration Signal. 1 kHz squarewave 
o to +4 V. 

Auxiliary Power for Optional 10-TC Pod. +5 
V :!:,0.25 V, 360 mA; -5.2 V +0.2 V, 100 mAe 

TIME BASE 

Sweep Ranges. 50 ns per division to 5 s per 
division in 1-2-5 sequence, accurate to 0.1%. 

DISPLAY (Biomation Model 350). 

CRT. 

Screen area. 8 x 20 cm. 

Graticule. External, 8 x 10 divisions. 

Deflection. Electrostatic. 

Phosphor P31. 

Characters. 

Height. 0.25 cm. 

Width. 0.20 cm. 

Horizontal spacing. 0.25 cm on centers. 

Logic Traces. 

Height. 0.5 cm. 

Length. 10 cm. 

Horizontal resolution. 20 bits/cm. 

* Time resolution. 50 ns to 0.2 ).Js/div -- 10 
ns. 0.5 )Js/div -- 25 ns. 1 .Us to 5 s/div 
--5X s/div 

100 • 

Analog Display Area. 

Height. 3.9 cm. 

Length. 10 cm. 

Verti cal resolution. 10 dots/cm, 39 total. 

Horizontal resolution. 20 dots/cm, 200 total. 

** For trigger position from +7.0 to -130 divisions. 



Sensitivity. 0.5 V/cm to 10 V/cm in 1-2-5 
sequence. 

Amplitude resolution. 1 part in 39. 

MISCELLANEOUS 

Memory. 

Standard. 4K bytes. 

Optionat 16K bytes. 

Transcribe. 

Records with standard memory. 22 per step, 
5 steps maximum. 

Records with optional memory. 100 per 
step. 

Size (Excluding Handle). 
Height. 8.7 in (22 cm). 
Width. 15.7 in (40 cm). 
Depth. 18.9 in (48 cm). 

Weight (maximum). 48 lbs (22 kg). 

Power. 200 W maximum 48 to 62 Hz/IOO, 
120, 200 or 240 +lO%volts RMS /2 A 
maximum at 100 V.-

ACCESSORIES 

Data Probe. 

Impedance. 10 M n, 15 pF. 

Attenuation. lOX. 

Trigger Probe. 

Impedance. 10 Mn , 15 pF. 

Attenuation. lOX. 

DA T A CARTRIDGE (3 M Data cartri dge 
DClOOA) 

Number of records. 100. 

-3-



SECTION II 

INST ALLATION 

2.1 Introduction 

This section contains information on un
packing, inspection, repacking, storage, and 
installation of the Model DTO-l. 

2.2 Unpacking and Inspection 

Inspect instrument for shipping damage 
as soon as it is unpacked. Check for broken 
knobs and connectors; inspect cabinet and 
panel surfaces for dents and scratches. If 
the instrument is damaged in any way or fails 
to operate properly, notify the carrier immed
iately. For assistance of any kind, including 
help with instruments under warranty, contact 
your local Gould Inc., Biomation Division, 
representati ve or the Gould Inc., Biomation 
Division factory. 

2.3 Storage and Shipment 

To protect valuable electronic equip
ment during storage or shipment, always use 
the best packaging methods available. Con
tract packaging companies in many cities can 
provide dependable custom packaging on short 
notice. 

2.4 Power Connection 

CAUTION: Before connecting the 
unit to AC power, be 
sure that the proper 
voltage has been se
lected. 

The operating voltage is shown in the 
window beneath the fuse clips. See the 

The Model DTO-l has a line voltage 
selector that permits operation at four dif
ferent nominal line voltages: 100, 120, 220, 
and 240 VAC. The unit will operate correctly 
at variations of + 100

/0 from these nominal 
voltages, and at line frequencies for 48 to 
62 Hz. 

To select the operating voltage, perform 
the following steps. 

L Unplug line cord from rear of in
strument. 

2. Slide up clear plastic cover and re
move fuse using built-in lever. 

3. Remove the small circuit board in
side the fuse holder using a small 
hook or screwdri ver. 

4. Install the circuit board, oriented 
so that the desired line voltage is 
visible beneath the fuse clips. 

5. Replace the fuse and slide the clear 
plastic cover over it. 

NOTE: When operating at 100 or 120 
V AC, use a 2 A slo-blow fuse; 
at 220 or 240 VAC use a 1 A 
slo-blow fuse. 

Power cable: The Model DTO-l is 
equipped with a detachable three-wire power 
cable. Proceed as follows for installation. 

1. Connect line-cord plug (three-soc
ket connector) to AC line jack at 

following sketch. rear of instrument. 
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2. Connect plug (two blades with round 
grounding pin) to three-wire 
(grounded) power outlet. Exposed 
portions of instrument are grounded 
through the round pin on the plug 
for safety. 



2.5 Preparation for Use 

The Model OTO-l is an integrated, 
self-contained unit. With its standard 
accessories (data probe, trigger probe, data 
cartridge, and power cord) it is capable of 
performing all the functions covered in the 
operation section of this manual. 

2.6 Initial Warm-Up 

Except for the CRT, the Model OTO-l 
is a solid-state instrument. Although the 
instrument is usable after CRT warm-up 
(approximately one minute), we recommend 
allowing approximately 10 minutes for the 
internal circuitry to reach thermal stabli
zation. 

2.7 Data Cartridge DCIOOA 

OPERATION ENVIRONMENT 

Temperature 

RH 

Maximum Wet 
Bulb Temperature 

32 to 1220 F 
(0 to SOoC) 
20 to 80% 
non-condensing 
790 F (26

o
C) 

3M recommends that if the recipient of 
a data cartridge knows or suspects that the 
cartridge has been exposed to either the 
maximum or minimum temperature extreme, 
that it be rewound one complete cycle before 
using. 

-5-



~~j",,""ij ... ;.'.r"~'!".;.'.;".T.ir.;.-=.;;.r;.;.i.~.' .• ~;.;"""""""".··~~·~' 
Figure 3.1 Front Panel Functions 

Figure 3.2 Rear Panel Functions 
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SECTiON ill 

OPERATION 

3.1 Introduction 

This section identifies and describes 
front panel, rear panel and probe controls, 
and prov ides complete operational proce
dures. 

3.2 Front Panel Controls, 
Connectors and Indicators 

The front panel controls and other 
features are identified in Figure 3.1 and 
are described in Table 3.1. 

3.3 Rear Panel Controls 

The rear panel controls and other fea
tures are identified in Figure 3.2 and are 
described in Table 3.2. 

3.4 Data Probe 

The data probe controls and indicators 
are identified in Figure 3.3 and are 
described in Table 3.3. 

3.5 Switches and Nomenclature 

The user will quickly become 
accustomed to the feel and convenience of 
the pushbutton switches used in the OTO-1. 

To understand the five different types 
of switch responses to momentary, re
peated, and continuous depression, the user 
must first understand the nomenclature 
associated with the switches. 

3.5.1 Nomenclature 

The nomenclature between the rows 
of switches is associated with the nomen
clature immediately above and below the 
switches. The nomenclature engraved on 
the switches is color keyed for use in 
certain modes of operation. There are two 
exceptions to the above. The "FAIL" and 
"PASS" engraving are only associated with 
the ·red and Green LEOs and there is no 
nomenclature between the mode 6 and 
mode \J switches. 
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3.5.2 Switch Action 
The five types of switch action are: 

1. SINGLE 
A single or repeated depression, or 
continuous pressure on a pushbutton 
produces only a single change. 

2. DUAL 

3. 

A single depression or continuous 
pressure on a pushbutton produces 
a single change of state. Repeated 
depressions produce an alternation 
between two states. 

STEP SEQUENCE 
A single depression or continuous 
pressure on a pushbutton produces 
a single change of state. Repeated 
depressions produce stepping 
through a number of states until an 
"end" state is reached at which 
point repeated depressions produce 
no change. ' 

4. STEP SEQUENCE, LOOP 
Same as Step 3., except that when 
"end" state is reached, repeated 
depressions cause cycle of states 
to repeat. 

5. CONTINUOUS SEQUENCE 
A single depression produces a 
single step change toward some 
limit; repeated depressions produce 
additional step changes toward 
some limit; continuous pressure 
produces continuous step changes 
toward some limit at an increasing 
rate of change. When a limit is 
reached, additional depressions 
have no effect. 

Table 3.4 identifies the type of action 
for each switch. 

3.5.3 Switching Sequences 

This paragraph describes the switching 
for switch types 2, 3, 4 and 5 as defined in 
paragraph 3.5.2 above. The sequences are 
described in Table 3.5. 



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

I 
I 
I 

INDEX NO. 
(Figure 3.1) 

1 

2 

3 

4 

5 

6 

7 

8a 

8b 

9a 

9b 

I 
I 

Table 3.1 Front Panel Identification and Description 

CRT Display 

VERT 

HORIZ 

INTENSITY 

FOCUS 

Receptacle 

EJECT 

SWEEP,DISPLAY, 
ANALOG 

SWEEP,DISPLAY, 
CLEAR 

SWEEP, ARM, 
SINGLE 

LED 

YES 

SWEEP, ARM, 
CONTINUOUS 

LED 
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Displays logic traces, analog waveforms, 
trace numbers, analog voltage scale data 
threshold, AF /RF ratio, compare tolerance, 
seconds/di vision, trigger position, trigger 
threshold, data error trace, and alphanumerics 
associated with the transcribe mode and 
messages to the operator. 

Adjusts vertical position of display. 

Adjusts horizontal position of display. 

Adjusts intensity of display. 

Adjusts focus of display. 

Recei ves data tape cartridge. 

Ejects data tape cartridge. 

Displays analog voltage scale and readies unit 
for acquisition of an analog waveform display. 

In Analog and Trim modes it clears the analog 
display area. In Autoscope mode it clears 
trace seven. In Mi xed mode it clears trace 
six. In Scope and Program modes it clears 
trace 8. 

Arms unit for single sweep in all modes 
except Transcribe. 

Lights when the unit is armed for single sweep 
and remains on until the sweep is complete 
and the trace is displayed. 

Answers "Yes" to questions displayed in the 
Transcribe mode. 

Automatically rearms unit after each sweep 
in all modes except Transcribe. 

Lights when the unit is armed or sweeping. 
It goes off momentarily between sweeps. 



Table 3.1 (Can't) 

INDEX NO. 
(Figure 3.1) 

lOa 

lOb 

lla 

lIb 

12a 

12b 

13a 

NAME 

NO 

DATA, POS, 100 

+25 V 

DATA, POS, 1 

-25 V 

DATA, THRESH, 
+25 V 

10 V/DIV 

DA T A, THRESH, 
-25 V 

0.5 V /DIV 

DATA, ALIGN, 
AF/RF 

DATA, ALIGN, 
OFF 

DATA, COMP, 
0.04 DIV 

RED LED 

FUNCTION 

Answers "No" to questions displayed in the 
Transcribed mode. 

Increments the trace numbers toward 100 in 
all modes except Trim, Analog and Tran
scribe. In the Transcribe mode it increments 
the tape record number toward 100. 

In the Analog mode it increments the voltage 
scale toward +25 V. (NOTE: +24 V max at 
2 V /cm and +20 V max at 10 V /cm.) 

Decrements the trace numbers toward 1 in 
all modes except Trim, Analog and Tran
scribe. In the Transcribe mode it decrements 
the tape record number toward 1. 

In the Analog mode it decrements the voltage 
scale toward -25 V. (NOTE: -24 V max at 
2 V/cm and -20 V max at 10 V/cm.) 

Increments the data threshold toward +25 V. 

In the Analog mode it increases the volts/div
ision toward 10. 

Decrements the data threshold toward -25 V. 

In the Analog mode it decreases the volts/div
ision toward 0.5. 

Tells unit to compute and display the AF /RF 
ratio and to reconstruct and redisplay the 
reference trace, on line 8, to that ratio. 
Used only in the Autoscope mode. 

Turns off Data Align. The AF /RF ratio 
disappears from the display and the trace on 
line 8 reverts back to recorded character
istics. Used only in the Autoscope mode. 

Decreases the allowable disagreement tow
ards 0.04* divisions. 

The red LED lights in the Autoscope mode 
if the amount of continuous disagreement 
exceeds the compare limit displayed, or if 
the total disagreement exceeds 300/0 of the 
trace. 

* These limits apply from 1 ).Js/div to 5 s/div. Below 1 )..Js/div the limits are inversely 
proportional to s/div. -9-



Table 3.1 (Con't) 

I 
INDEX NO. 

I (Figure 3.1) 

13b 

14a 

14b 

15a 

15b 

16a 

16b 

17a 

17b 

1Ba 

IBb 

19 

20 

NAME 

DATA, COMP, OFF 

GREEN LED 

OAT A, SECONDS/ 
DIVISION, 5 

DATA, SECONDS/ 
Division, 50 n 

TRIGGER, pas, 
+lBO DIV 

TRIGGER, pas, 
-lBO DIV . 

TRIGGER, THRESH, 
+25 V 

TRIGGER, THRESH, 
-25 V 

TRIGGER, SLOPE J 

TRIGGER, SLOPE 1, 

TRIGGER, SOURCE 6 

TRIGGER, SOURCE \) 

T ri gger Source LEOs 

MODE 6 

FUNCTION 

Increases the allowable disagreement toward 
1.0* division. Continuing past this point will 
turn the automatic compare mode off. 

Lights in Autoscope mode if there is a com
pare limit displayed and if there is no con
tinuous logical disagreement that exceeds 
that limit, and if the total disagreement does 
not exceed 300/0 of the trace. 

Changes time scale toward 5 s/div. 

Changes time scale toward 50 ns/div. 

Moves trigger position and displayed traces 
to the right. ** Decreases delay and/or 
increases pretrigger time of data acquisition. 

Moves trigger position and displayed traces 
to the left. ** Increases delay and/or 
decreases pretrigger time of data acquisition. I 

Increases the trigger threshold voltage toward 
+25 V. 

Decreases the trigger threshold voltages to-
ward -25 V. I 

Sets trigger to positive-going waveform and 
lights LED. 

Sets trigger to negative-going waveform and 
lights LED 

Changes trigger source toward internal as 
indicated on adjacent LEOs (Index No. 19). 

Changes trigger source toward external. as 
indicated on adjacent LEOs (Index no 19). 

Indicates the trigger source. 

Changes mode toward TRIM as indicated on 
LEOs (Index No. 21). 

* These limits apply from 1 )..Js/div to 5 s/div. Below 1 )..Js/div the limits are inversely 
proportional to s/div. 

** Zero (0.0) trigger position is located at one division from the left of the display. All 
trigger positions are referenced to this point. 

-10-



Table 3.1 (Con't) 

INDEX NO. 
(Figure 3.1) 

20b 

21 

22 

23 

24 

25 

26 

27 

28 

INDEX NO. 
~Figure 3.2) 

1 

2 

3 

NAME 

MODE \J 

Mode LEOs 

Test Point _nr 
OAT A, BNC Connector 

DA T A, Remote 
Connector 

EXT TRIGGER, 
BNC Connector 

EXT TRIGGER 
Power Connector 

AC POWER, LED 

AC POWER, SWITCH 

FUNCTION 

Changes mode toward TRANSCRIBE as in
dicated on LEOs (Index No. 21). 

Indicates mode of operation. 

Signal used for compensating probe. 

Data input connector for data probe. 

Provides for hook-up of the remote switches 
and indicators on the data probe. 

Trigger input connector for trigger probe. 

Provides power for 10-TC pod. 

Indicates presence of AC power in the unit. 

Controls AC power to unit. 

Table 3.2 Rear Panel Indentification and Description 

NAME FUNCTION 

Astigmatism Potentiometer Adjusts display astigmatism. 

Power Cord Receptacle AC Power input. 

Fuse Protects AC power input. 

Voltage Selection PC Board Selects AC power line voltage (see .. .... .-. - ., ~ ::»ec[lon 11, J-'aragraph LA). 

-11-



I 

INDEX NO. 
'Figure 3.3) 

1 

2 

3 

4 

5 

6 

7 

8 

9 

Figure 3.3 Data Probe Functions 

Table 3.3 Data Probe Identification and Description 

NAME 

Remote Control Connector 

Data, BNC Connector 

Advance/Clear Pushbutton 

Sweep P,-,~hbutton 

LED, Green (2) 

LED, Red (2) 

Ground Lug 

Probe adjust 

Ground Lead 
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FUNCTION 

Connects index numbers 3, 4, 5, and 6 
to unit. 

Connects probe to data input of unit. 

Advances record number in Autoscope, 
Mixed, Scope and Program modes. 
Clears analog display in Analog mode • 

. Arms unit for single sweeps. 

Indicates "PASS" condition. 

Indicates "FAIL" condition. 

Provides access to probe ground. 

Adjusts probe compensation capacitor. 

Connects probe ground to circuit 
ground. 



Table 3.4 Identification of Switch Action 

TYPE OF SWITCH ACTION (See Paragraph 3.5.2) 

SI~GLE I 2 3 4 5 
SWITCH DUAL STEP STEP,LOOP CONTINUOUS 

STANDARD NOMENCLATURE 

DISPLAY ANALOG I X 
I v I OISPLA Y CLEAR /\. 

ARM SINGLE X 
ARM CONTINUOUS X 
POS 100 X 
POS 1 X 
THRESH +25 V X 
THRESH -25 V X 
ALIGN AF/RF X 
ALIGN OFF X 
COMP 0.04 DIV X 
COMP OFF X 
SEC/DIY 5 X 
SEC/DIY 50 n X 
POS +lBO DIV X 
POS -lBO DIV X 
SLOPE f X 
SLOPE l X 
SOURCE {::) X 
SOURCE \] X 
MODE{::) X 
MODE \J X 

COLOR KEYED NOMENCLATURE 

ANALOG +25 V X 
ANALOG -25 V X 
ANALOG 10 V /DIV X 
ANALOG 0.5 V /DIV X 
TRANSCRIBE YES X 
TRANSCRIBE NO X 

PROBE I 

SWEEP X I 
ADVANCE/CLEAR X 

-13-



Table 3.5 Switching Sequences 

~·--------SW--IT-C-H~--T-Y-P-E-(-T-a-bl-e--3-.-4-)--~----SE-Q-U--E-N-C-E----------+--E-X-A-M-P-L-E--------~I 
i 

DISPLAY ANALOG 

POS 100 

POS 1 

I THRESH +25 V 

THRESH -25 V 

COMP 0.04 Div 

COMP OFF 

Dual 

Continuous Sequence 

Continuous Sequence 

Continuous Sequence 

Continuous Sequence 

Continuous Sequence 

Continuous Sequence 

SEC/DIY 5 Continuous Sequence 

SEC/DIY 50 n Continuous Sequence 

POS +180** DIV Continuous Sequence 

POS -180*** DIV Continuous Sequence 
I 

SOURCE 6 Step Sequence 

SOURCE \l Step Sequence 

MODE 6 Step Sequence 

MODE \l Step Sequence 

Switches unit in and out 
of the analog mode. 

Sequenti all y incre ments 
record numbers toward 
100. 

Sequentially increments 
record numbers toward 1. 

Increments in 0.1 V steps 
toward +25 V. 

Increments in 0.1 V steps 
toward -25 V. 

Increments in 0.02 div 
steps toward lower 
Iimit.* 

Increments in 0.02 div 
steps toward upper 
limit* and then to off. 

Increments in 1-2-5 se
quence toward 5 s/div. 

Increments in 5-2-1 se
quence toward 50 
ns/div. 

Increments in 0.1 div 
steps toward +180** 
dive 
Increments in 0.1 div 
steps toward -180*** 
dive 
Increments Ii t LED to
ward internal. 

Increments Ii t LED 
external. 

Increments lit LED to
ward trim. 

Increments lit LED to
ward transcribe. 

* See paragraphs 3.6.1 and 3.9.1.9. -14-
** +130 in PROGRAM mode. 
*** -130 in PROGRAM mode. 

Analog Enabled, Analog I 
Disabled, Analog En- I 
abled, etc. I 

2, 3---99,100. 

99,98---- 3, 2, 1. 

-24.9 V, -24.8 V --
+24.9 V, +25 V. 

+24.9 V, +24.8 V --
-24.9 V, -25 V. 

(At 1 ,.LJs/div) 1.0, 0.98, 
0.96----0.06, 0.04. 

(At 1.us/div) 0.06, 0.08, 
------0.98, 1.0, OFF. 

0.1 ...us, 0.2 )JS, 0.5 ).JS, 

1 ).Js, 2 s, 5 s. 

2 s, 1 s, 0.5 s, --- 0.1 
).JS, 50 ns. 

-179.9, -179.8----
+179.9, +180.0 

+179.9, +179.8-----
-179.9 -180.0 

Ext Auto, Auto, Int 
Auto, Internal 

Int Auto, Auto, Ext 
Auto, External 

Program, Scope, Mix
ed, Autoscope, Trim. 

Autoscope, Mixed, I 
Scope, Program, Tran
scribe 

I 



Table 3.5 (con't) 

SWITCH TYPE (T~hlp. "3 lJ.) SEQLJEN~E 

Contin~~::-:e~'u~ncel2;;m~~~: th~n a~;~~~ 
EXAMPLE 

ANALOG +25 V 

ANALOG -25 V Continuous Sequence 

I 

ANALOG 10 V /DIV I Step Sequence 

ANALOG 0.5 V /DIV Step Sequence 

TRANSCRIBE NO Step Sequence Loop 

volts/division scale, to
ward the upper limi t. ** 

Increments in steps 
equal to the analog 
vol ts/ di visi on scale, to
ward the lower limit.** 

Increment in 1-2-5 se
quence toward 10 
V / dive 

Increment in 5-2-1 se
quence toward 0.5 
V / dive 

Increments in "rewind 
tape?", "read?", 
"erase?", "test tape?" 
sequence and then re
peats cycle. 

(Most posi ti ve vol tage; 
1 V/div) -20 V, -19 V 
--+24 V, +25 V. 

(Most negative voltage; 
5 V/div) +5 V, 0 V, -5 

I 
V, -10 V, -15 V, -20 V, 
-25 V. 

I 1 V, 2 V, 5 V, 10 V. 

5 V, 2 V, 1 V, 0.5 V. 

Read, Erase, Test 
Tape, Rewind Tape, 
Read, Erase, Etc. 

** At 2 V/div, upper limit is +24 V and lower limit is -24 V. 
At 10 V/div, upper limit is +20 V and lower limit is -20 V. 

3.6 Special Relationships and Limit-
ations 

There are special relationships between 
switch settings that, in certain modes of 
operation or in certain sequences, do not 
allow these setting to be changed independ
ently. 

3.6.1 Time/Division 

In the AUTOSCOPE COMPARE mode, 
the allowable disagreement is established 
wi th reference to a certain time/ di vision. 
If the SEC/DIY is changed, the compare is 
changed to maintain the same allowable time 
limit. 

F or example, the ini tial COMPARE 
__ ~~: __ :_ n nIl ..... : ...... :"':"..,,_ "" ................... _ " ...... _.-.-. .... :""""_ 
~CLLlIl':::I 1~ u.u,+ UIVl~lUII~ OIIU I..IIC; ~VVC;C;p 1..1111C 

is 1 ).J~ division. The compare time is 0.04 
X 1 - = 40 ns. If the trace is expanded 
by a factor of two, by changing the sweep 
time to 0.5 )Js/ di vision, the compare setting 
automatically changes by the same factor 
to 0.08 divisions. This maintains !~e es-
tablished compare time; 0.08 X 0.5 = 40 
ns. -15-

3.6.2 Trigger Position 

If the trigger position is not set at 
zero, expanding a trace changes the trigger 
position relative to the zero trigger ref
erence point by the same ratio that the 
trace was expanded. Because the trigger 
position limits are +180 divisions, no ex
pansion can take place that would put the 
trigger position beyond these limits. 

F or example, the trigger position is at 
-40; sweep time is at 1 )Js/cm. The first 
expansion is to 0.5 )Js/ cm, an expansion of 
two times. Two times the position of -40 
would be -80. The second expansion would 
be to 0.2 )ls/ cm, an expansion of 2.5 or a 
total expansion of five times. This would 
~ ........... ~ ___ :&.: ___ &. "C v on __ c v lin 
PUI. 1.., IC pU'=i1 LIUII dL £. • ..1 A -au Ul- ..I A -'+U, 

which equals 200. Because we cannot exceed 
-180, the unit does not respond to the second 
expansion. 



3.6.3 Volts/Di vision 

The analog voltage scale naturally 
changes when the volts per division is 
changed. However, the volts per division 
changed cannot be re ferenced to a parti cular 
point on that voltage scale. Therefore, any 
V /DIV change reestablishes 0 V on the th ird 
line from the top of the display. Whenever 
possible, it is recommended that the volts 
per division be set first and then analog 
voltage. 

3.6.4 Trace Comparison 

In the AUTOSCOPE COMPARE mode 
of operation it is the intent to compare traces 
that are acquired under common conditions. 
That is why the reference trace attributes 
are recorded on tape and those same 
attributes are automati call y set up when a 
new trace is to be acquired. As a safeguard 
against inadvertently comparing traces 
recorded under different conditions, a new 
trace cannot be acquired and compared if 
either the SEC/DIY or POS controls are 
changed. 

3.7 Trigger Modes 

There are fi ve trigger modes-Internal, 
Internal Auto, Auto, External Auto and Ex
ternal. When using the Biomation model 
10-TC Probe Pod, there is a sixth "com
binational trigger" mode of operation. 

The trigger input connector is not used 
in the internal, internal auto, or auto modes 
of operation. There is no need, however, to 
disconnect the trigger probe from a signal 
when in these modes of operation. 

When in the external auto, external, or 
external with combinational trigger, the trig
ger probe is connected to the trigger input 
connectors. When the 10-Te Probe Pod is 
used, the probe power is obta ined through the 
trigger mini connector just above the trigger 
input BNC connector. 

3.7.1 Internal 

In the Internal position, the unit triggers 
off of the data signal. . 

3.7.2 Internal Auto 

In the Internal Auto position, the unit 
triggers off of the data signal unless a data 
~ignal. of sufficient amplitude is not present, 
In WhIch case the unit triggers automatically. 
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3.7.3 Auto 

In the Auto position, the unit triggers 
as soon as the unit is armed. 

3.7.4 External Auto 

In the External Auto position, the unit 
triggers off of the trigger signal unless a 
trigger signal of sufficient amplitude is not 
present, in which case the unit triggers auto
matically. 

3.7.5 External 

In the External position, the unit trig
gers off of the trigger signal. 

3.8 Modes of Operation 

The following paragraphs briefly des
cribe the purpose of each mode of operation 
and then what can be done once the unit is 
in that mode. The step-by-step operating 
procedures are located in Section 3.9. 

3.8.1 Trim Mode 

The Trim mode is used to check probe 
calibration. There is a 0 to +4 V, 1 kHZ 
squarewave output on the front panel for this 
purpose. Although all front panel data and 
trigger switches are operational, they are 
seldom used in this mode of operation. 

3.8.2 Autoscope Mode 

The Autoscope mode is used for com
paring logic traces. The reference trace from 
the data cartridge always appears on line 
eight of the display and the new trace always 
appears on line seven. All front panel data 
and trigger switches are operational (see par
agraphs 3.6.1 and 3.6.4). 

With the compare function off, a visual 
comparison can be made. With the compare 
function on, an automati c comparison is 
made. As long the SEC/DIY is not changed, 
the compare limits can be changed and still 
retain the automatic compare feature. 

As long as the SEC/DIY is not changed, 
the align feature can be enabled. The align 
feature can be disabled at any time. 

There can be up to six logic traces on 
lines one through six. The trace number 
prefix is either an "A" or an "R" dependina 
• • .J 



on whether the trace was acquired from the 
SUT or from tape storage. There is no prefix 
if there is no trace. 

The mixed mode may be entered without 
losing any of the information displayed on 
the lower quarter of the CRT. 

3.8.3 Mixed Mode 

The Mixed mode is entered from the 
Autoscope mode to retain the logic traces on 
lines 7 and 8 while looking at other logic 
traces on lines 1 through 6; while looking at 
analog waveforms; or while looking at both 
logic traces and analog waveforms. 

The Mixed mode is entered from the 
Scope mode to retain the logic traces on lines 
7 and 8 while looking at other logic traces 
on lines 1 through 6; or while looking at both 
logic traces and analog waveforms. Entering 
the Mixed mode from any other mode simply 
allows acquisition of logic traces and analog 
waveforms on lines 1 through 6 wi th lines 7 
and 8 remaining blank. 

When in the Mixed mode all data and 
trigger switches are operational except for 
the Align and Compare functions. New logic 
traces are displayed on line 6. 

The analog pushbutton must be depres
sed to display analog waveforms (see para
graph 3.8.5). 

3.8.4 Scope Mode 

The Scope mode is entered when' the 
DTO-1 is to be used strictly as an oscilloscope 
or logic analyzer, or when it is desirable to 
display eight new traces or three new traces 
with an analog waveform. 

When in the Scope mode all data and 
trigger switches are operational except for 
the Align and Compare functions. 

The analog pushbutton must be depres
sed to display analog waveforms (see para
graph 3.8.5). 

3.8.5 Analog Mode 

The Analog mode is entered from the 
Mixed or Scope modes for the purpose of 
displaying analog waveforms while retaining 
up to three logic traces, on lines 6 through 
8, from the pre vi ous mode. -17-

Any number of analog waveforms may 
be displayed concurrently in the analog dis
play area as long as none of the displayed 
attributes are changed between sweeps. Any 
change of operational data or trigger switch 
settings clears the analog display area. 

The data position and threshold switches 
become analog voltage switches in the analog 
mode. All data and trigger switches are 
operational except for align and compare 
functions. 

3.8.6 Program Mode 

The Program mode is used to record 
logic traces on magnetic tape. A test 
program is recorded in this mode for recall 
at a later date in the Autoscope mode. Test 
programs or historical records of logic traces 
can be recalled for display in either the 
Autoscope or Program modes. All data and 
trigger swi tches are operational except for 
the align function. 

3.8.7 Transcribe Mode 

The Transcribe mode is used to dupli
cate or reorganize existing tapes, erase mag
netic tape records, rewind tapes, or verify 
the correctness of magnetic tapes. 

The "Yes", "No", and Data posi tion push
buttons are the only ones operational in this 
mode. 

3.9 Operating Procedures 

3.9.1 General Operating Information 

To keep the step-by-step operating pro
cedures as brief as possible, some of the 
redundant procedural steps, alternate steps, 
and special operations are treated separately 
below. 

Data Aiign 

DA T A, ALIGN, AF /RF and OFF push
buttons can be activated only in the Auto
scope mode (see Table 3.1, index numbers 
12a- and 12b). 

Once this function is enabled, it can be 
disabled only by entering the Trim mode or 
by depressing the DATA, ALIGN, OFF push
button when in the Autoscope mode. 



Whenever a test procedure calls for a 
frequency alignment to be done and there is 
already an AF /RF ratio displayed, first 
depress the DATA, ALIGN, OFF pushbutton 
and then depress and release the DATA, 
ALIGN, AF /RF pushbutton. 

3.9.1.2 Indexing Tapes 

There are two methods for indexing a 
blank tape. 

3.9.1.3 

1. Enter the Program mode and 
insert tape. 

2. Enter the Transcribe mode and 
ask the instrument to erase 
number 001-100. (See para
graph 3.9.2.6, steps 1 and 11-
15.) 

Probe and Ground Connecti ons 

Prior to acquisition of any signal: 

3.9.1.4 

1. Connect data probe ground lead 
to system under test. 

2. Whenever using External Trig
ger mode of operation, be sure 
to connect tri gger probe and 
trigger probe ground lead to the 
system under test. 

Data Probe ARM, ADVANCE push
buttons 

In writing the step-by-step operating 
procedures, a standard X10 data probe was 
used with the DTO-1. When using the special 
data probe with ARM and ADV pushbuttons, 
the following procedure changes can be made. 

1. The probe ARM pushbutton can 
be used wherever the SWEEP, 
ARM, SINGLE pushbutton is 
called out. 

2. The probe ADV pushbutton can 
be used wherever the DATA, 
POS, 100 pushbutton is called 
out. 

3. The probe ADV pushbutton can 
be used to clear the display 
when in the *Ailalog mode of 
operation. 
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3.9.1.5 Clearing the Display 

Analog Waveforms In the Trim, 
Mixed/Analog and Scope/Analog modes of 
operation, newly acquired signals will be 
superimposed on any existing waveforms 
unless the display is first cleared. 

Logic Traces - There is no need to clear 
the display prior to acquisition of a new 
signal. The displayed trace will automatically 
be cleared prior to display of a new trace. 

3.9.1.6 Continuous Sweep 

The Continuous Sweep mode can be used 
anytime SWEEP, ARM, SINGLE is called out; 
however, it is probably most useful in the 
Mi xed or Scope mode during troubleshooting 
procedures. 

Continuous sweep is obtained by 
depressing the SWEEP, ARM, CONTINUOUS 
pushbutton. There are two ways to disable 
the continuous sweep function. 

3.9.1. 7 

1. Depress the CLEAR pushbutton 
until the LED on the conti nuous 
switch goes off. The 
appropriate display area will be 
cleared. 

2. Depress the SWEEP, ARM, 
SINGLE pushbutton until the 
LED on the continuous switch 
goes off. Sweeping will stop 
at the end of the next complete 
sweep. None of the displayed 
information will be cleared. 

NOTE: No control settings can 
be changed during con
tinuous sweep. 

Changing the Control Settings 

The control settings can be changed at 
anytime with the following exceptions: 

3.9.1.8 

1. As stated elsewhere in Section 
III of th is manual. 

2. While the instrument is carry
ing out a prior instruction. 

Data Error Trace 

In the Autoscope mode, the iogic trace 
from the system under test is being compared 



with thp. Ionic trace from the known good 
~y~t~~~ -- The

J 

exact areas of dis.agreement ~re 
underscored on the display. ThIS underscorI~g 
is present whether or not the automatl c 
compare (COMP) function is being used: It 
gives the operator a quick and accurate VIsual 
indication of where the disagreements are 
located. 

The data error trace is expanded or 
compressed along with the loqic traces v:hen 
the time base is changed. It IS also retaIned 

h "'-11. d when going from the Autoscope to tile I tlxe 
mode. 

3.9.1.9 Data Compare (COMP) 

The compare limit, in display divisions, 
is one of the controls set up in the Program 
mode. (See Table 3.1, index number 13a and 
13b.) In the Autoscope mode, this is the 
limit that sets the pass/fail indicators. It 
does this by comparing the data error ~race 
against this limit. (See Table 3.1, Index 
numbers 13a and 13b.) 

The compare limit can be changed in 
the Autoscope mode. 

The smallest compare limit that can be 
set is the larger of 0.04 divisions or ~he 
number of divisions representing 4 samplIng 
bits of the internal clock. In all cases where 
the latter would be the larger of the two, 
the internal clock would be 100 MHz and the 
sampling interval would be 10 ns. Therefore, 
the compare limit cannot repr~sent less .than 
40 ns. It follows that automatIC compa~Is'ons 
connot be made to limits of less than 40 ns. 

However, using a sweep time of .50 
ns/DIV a visual comparison can be made WIth 
a resolution of 10 ns and typical accuracy of 
20 ns. 

3.9.1.10 PASS/FAIL LEOs 

Prior to acquisiton of a trace in the 
Autoscope mode, the read LED w~ll be lit. 
This is a ready indication, or to put It ano~her 
\U~HI f-ho 1'\1'",,,,,, ... f-I'\'" is to take some actIon. .... u." ""'v ""'1-''''''1.0''''''''1. 

Shoot a trace! 

The read (FAIL) indication after 
acquisition of a signal also tells the operator 
to take action. In this case he should look 
at the display. 
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If no· trace appears on line 8 in the 
Autoscope mode, the green LED will be lit. 
(You might say that nothing is being compared 
against nothing.) In this case the unit cannot 
be armed. 

When there is a trace on line 7 and the 
COMP function is off, neither the red LED 
or the green LED will be li t. 

The pass/fail LEOs operate only in the 
Autoscope mode except as noted in paragraph 
3.9.1.11. 

3.9.1.11 Self Test 

Each time the unit is powered up or 
enters the Trim mode, it self-tests the major 
portions of the device including the MPU, 
firmware RAMs. If the microprocessor is 
unable to access the ROM or RAM, both the 
pass and the fail LEDs will become lit. The 
defective device can be located using Table 
3.6 and Figure 3.4. 

3.9.1.12 Offset Errors 

If "OFFSET ERROR" is displayed, it 
means that the dc offset of the input circuitry 
exceeds 50 mY. If this should occur, depress 
the clear pushbutton and then proceed. : The 
instrument will automatically calibrate itself 
to eliminate the offset. 

3.9.1.13 Tape Errors and Dirty Heads 

If any of the following messages appear 
on the display, you either have a dirty 
read/write head or a tape problem. 

"READ or WRITE ERROR" 
"READ ERROR at ***" 
"INDEX ERROR" 
"INDEX ERROR at ***" 

Cleaning the head wili usuaHy soi ve a 
nonrepetiti ve type problem. If a read error 
repeats at a speci fic record, that record will 
have to be reprogrammed. If an index error 
repeats at a specific location, that record 
must be worked around or the entire tape 
must be reindexed and refreshed from your 
master tape. 

In the Autoscope mode, an error can be 
worked around by depressing the CLEAR 
pushbutton and then proceeding. An "E" will 
be displayed in front of the record number 
containing the error. 
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Table 3.6 Self Test - Diagnostic Error Identi fication 

::F 
FRONT PANEL 

~ g (0)0 INTERNAL 

(O}OTRIM 

(5) o AUTOSCOPE 

(1)0INT AUTO OMIXED 
COMP SLOPE (2)0 AUTOMATIC OScOPE 

F-l EJ (3)0 EXT AUTO o PROGRAM 

(4) o EXTERNAL OTRANSCRIBE 

I I 

J cb cb 
=t 

cb 
Both the PASS and FAIL LEDsG) will light when there is a failure in the memory access routine. 

One of the SLOPE LEOs CD will light. The upper LED, :::F , indicates that the failure is in 

one of the eight ROMs. The lower LED, =t: ,indicates that the failure is in one of the eight 

RAMs. 

The weighted TRIGGER LEOs CD and MODE LEOs CD locate the defective chip. Add 

the weight, in parenthesis, of the one LED lit atCD to the weight of the one LED (TRIM or 

AUTOSCOPE) lit at CD . Locate the chip using the control board layout Figure 3.4. 

(NOTE: The sum will not exceed 7.) 

tJ0D80GJGJG 
\ I 

V 
ROM 

CONTROL BOARD 

Figure 3.4 
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3.9.2 Step-by-step Operating Procedures 

3.9.2.1 Trim Mode 

STEP 

1 

2 

PROCEDURE 

Enter the TRIM mode. 

Hold probe to be calibrated to the 
TRIM terminal. Press and release the 
SWEEP, ARM, SINGLE pushbutton. 

3 Adjust probe compensation capacitor 
if required. 

4 Press and release the CLEAR push
button. 

5 Repeat steps 2, 3 and 4 until probe 
is properly compensated. 

-21-

INDICATION 

A voltage scale will appear on the 
left side of the display and controls 
will be automatically set for acquisi
tion of the probe calibration wave
form. 

Calibration signal will be displayed. 

Displayed signal is cleared. 



3.9.2.2 Autoscope Mode 

STEP 

1 

2 

PROCEDURE 

Insert prerecorded data cartridge and 
enter the AUTOSCOPE mode. 

Place desired record number on line 
8 of the display using the DATA, POS 
pushbuttons. 

3 Connect trigger probe and ground 
leads as required. 

4 Probe the test point that corresponds 
to the record number on line 8. 

5 Press and release the SWEEP, ARM, 
SINGLE pushbutton. 
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INDICATION 

From two to seven index or record 
numbers will be displayed on the left 
side of the CRT. 

The numerical part of the number on 
line 8 will be duplicated on line 7. 
For those record numbers that have 
a logic trace recording on tape, an 
"R" prefix will appear in front of the 
record number. 

The records are numbered consecut
i vely from top to bottom except for 
the duplication on lines 7 and 8. 

The control settings are displayed 
across the bottom of the CRT and on 
the front panel LEOs. The control 
settings will be those of the trace on 
line 8. If no trace appears on line 
8, the most recently used settings will 
be displayed. 

The data align AF /RF ratio will 
normally be off when starting a new 
test sequence. (See Paragraph 
3.9.1.1). 

Desired logic signal appears on line 
8. The controls will automatically be 
set for the trace on line 8. 

A logic signal will appear on line 7. 
An "A" will appear in front of the 
record number on line 7. 

The green, PASS, or the red, FAIL, 
LED will become Ii t. 

The "Data Error Trace" will appear 
immediately below the logic signal on 
line 7 if there is any logical 
disagreement between the traces on 
lines 7 and 8. 

J 



3.9.2.2 Autoscope Mode (cont.) 

STEP PROCEDURE INDICATION 

6 If no frequency alignment is to be 
done, proceed to step 7. 

If a frequency alignment is to be done 
(see paragraph 3.9.1.1), depress and 
release the DATA, ALIGN, AF /RF 
pushbutton. 

7 If there was a "PASS" condition in 
the last step, the test is complete. 
Addi tional tests can be made by 
repeating steps 2-7. 

If there was a "FAIL" condition in 
the last step, either proceed to a 
preprogrammed subroutine, or enter 
the MIXED mode for manual trouble
shooting (See paragraph 3.9.2.3 Mixed 
Mode.) 
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The AF /RF ratio appeared on the 
display. The trace on line 8 was 
cleared from the display and then 
reappeared after being aligned to the 
clock or reference signal of the 
system under test. 



3.9.2.3 Mixed Mode 

STEP 

1 

3 

4 

5 

6 

7 

8 

9 

10 

PROCEDURE 

Enter the MIXED mode. 

Probe test point. Depress and release 
the SWEEP, ARM, SINGLE push
button. 

If the logic signal on line 6 is to be 
retained and a new logic signal is to 
be displayed, depress and release the 
DA T A, POS, 100 pushbutton. 

Repeat steps 2, 3 and 4 for each new 
logic signal to be displayed. 

If the analog waveform of the input 
signal is to be displayed, depress and 
release the ANALOG pushbutton. 

Probe test point. Depress and release 
the SWEEP, ARM, SINGLE push
button. 

To superimpose additional analog 
waveforms on the display, repeat step 
7. 

If new analog waveforms are to be 
displayed by themselves, depress the 
CLEAR pushbutton. 

Repeat step 7. 

To disable the analog function, 
depress and release the ANALOG 
pushbutton. 
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INDICATION 

The trace number 001 will appear on 
line 6. 

Logic traces, if any, on lines 7 and 
8, and control settings, will be 
holdovers from the previous mode. 

A logic signal will appear on line 6. 
An "X" will appear in front of the 
trace number. 

The trace number and trace move up 
to line 5 and the next consecuti ve 
number appears on line 6. 

Same as above except in step 4 all 
traces above line 6 will move up one 
position and the trace on line 1, if 
any, will be lost. 

The traces, if any, on lines 1 through 
5 will disappear from the display. 

A voltage scale will appear on the 
left side of the display. 

An analog waveform will be displayed. 
(NOTE: Probe must be held to the 
test point until complete waveform 
is displayed.) 

Additional waveforms will be super
imposed on the existing waveforms. 

The analog waveform will disappear 
from the display. 

Same as step 7. 

The voltage scale and analog wave
forms will disappear from the display. 

Any logic traces that were present 
on lines 1 through 5 prior to entering 
the analog mode will reappear. The 
control settings will remain as they 
were in the analog mode. 



3.9.2.3 Mixed Mode (cont.) 

STEP 

11 

12 

PROCEDURE 

In order to return to the autoscope 
mode, depress and release the 
MODE pushbutton. 

In order to return to the scope mode, 
depress and release the MODE 
pushbutton. 
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INDICATION 

Lines 1 through 6 will clear. 

Logic traces, if any, that were 
present on Ii nes 1 through 6 prior to 
entering the mixed mode will be 
displayed, except that "A" traces will 
be replaced by "Rii traces recalled 
from tape. 

Control settings will be recalled from 
tape for the trace on line 8. 

Lines 1 through 6 will clear. Trace 
numbers, if any, that were present on 
lines 1 through 6 prior to entering 
the mixed mode will be displayed 
without prefixes or traces. 

Control settings will not change. 



I 

3.9.2.4 Scope Mode 

STEP 

1 

2 

3 

4 

5 

6 

7 

8 

9 

PROCEDURE 

Enter scope mode. 

Probe test point. Depress and release 
the SWEEP, ARM, SINGLE push
button. 

If additional signals are to be dis
played, depress and release the 
DATA, POS, 100 pushbutton. 

Repeat steps 2 and 3 for each new 
signal that is to be displayed. 

If the analog waveform of an input 
signal is to be displayed, depress and 
release the ANALOG pushbutton. 

Probe the test point. Depress and 
release the SWEEP, ARM, SINGLE 
pushbutton. 

To superimpose additional analog 
signals on the display, repeat step 6. 

To clear the display prior to 
acquisition of new analog signals, 
depress the CLEAR pushbutton. 

Repeat step 6. 

To disable the analog mode, depress 
and release the ANALOG pushbutton. 
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INDICATION 

Display is clear except for the trace 
number 001 and controls settings. 

Control settings are holdovers from 
previous mode. 

A logic trace will appear on line 8 
and the prefix "S" will be added to 
the trace number. 

The logic trace and trace number will 
move up to line 7 and the next 
consecuti ve number will appear on 
line 8. 

Same as above except that in step 3, 
all logic traces and trace numbers 
will move up one position. As traces 
move off the top of the display they 
will be lost. 

Lines 1 through 5 of the display will 
be cleared. A voltage scale will 
appear on the left side of the display. 

An analog waveform will be displayed. 

Additional waveforms will be dis
played. 

The analog waveform(s) will be 
cleared. 

Same as step 6. 

Lines 1 through 5 of the display will 
be cleared. Any logic traces and 
trace numbers that were present on 
lines 1 through 5 prior to entering 
the analog mode will be displayed. 



3.9.2.5 Program Mode 

STEP 

1 

2 

PROCEDURE 

Enter the PROGRAM mode and insert 
the data cartridge. 

NOTE: IT IS EXTREMELY IM
PORTANT TO OBSERVE THE TRIG
GER MODE LED DURING THE 
COURSE OF PROGRAMMING A 
T APE. UNLESS A PREVIOUS PRO
GRAM HAS BEEN ERASED, THE 
TRIGGER INFORMATION FROM 
THAT PROGRAM MAY CHANGE 
YOUR INTENDED SETTING AND GO 
UNDETECTED. 

WHEN USING AN EXTERNAL TRIG
GER, BE SURE THAT IT IS PRO~ 
PERL Y SELECTED. SHOULD THERE 
BE ANY DOUBT, DISPLAY THE 
LOGIC TRACE SEVERAL TIMES AND 
CHECK FOR REPEATABILITY BE
FORE PUTTING IT IN TAPE STOR
AGE. 

Using the DATA, POS pushbuttons, 
position the desired record number on 
line 8 of the display. 

3 Set controls and connect ground leads 
and trigger probe as required. 

4 Probe test point. 

Depress and release the SWEEP, 
ARM, SINGLE pushbutton. 

5 If the logic trace displayed is to be 
recorded on tape, proceed to step 6. 

If any change is made to the control 
settings, reacquire the logic trace 
L1f~fr H'p. ':1r'1r'p.p. ..j"lna to steo 6. 
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INDICATION 

a) Using unindexed tape. 
The statement "INDEXING TAPE 
- WAIT 60 SEC" will appear on the 
·display. When indexing is com
plete, the inqex numbers 093-100 
will appear along the left side of 
the display. The most recently 
used control settings will appear 
across the bottom of the display 
and on the trigger slope and trigger 
source LEOs. 

b) Using pre-indexed tape. 
From one to eight consecuti ve 
index or "record" numbers will 
appear along the left si de of the 
display. Where there is a logic 
signal stored on tape, the record 
number will have an "R" prefix. 
The stored signal, if any, mayor 
may not be displayed as logic 
traces depending on the SEC/DIV 
and Trigger POS control settings. 
The control settings will be dis
played across the bottom of the 
display and on the Trigger slope 
and Trigger source LEOs. The 
control settings will be those of 
the trace on line 8. If no trace 
is displayed on line 8, the most 
recently used settings will be 
displayed. 

If a record position change was made, 
see step Ib above. 

A logic trace will appear on line 8 
of the display. The prefix "P" will 
appear in front of the record number 
on line 8. ("P" indicates it is a . . \ proposea trace.) 



3.9.2.5 Program Mode (cont.) 

STEP 

6 

PROCEDURE 

Depress and release the DATA, POS, 
100 pushbutton. 

7 To record additional signals, repeat 
steps 2 through 6. 
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INDICATION 

All displayed record numbers and 
traces moved up one division on the 
display. The prefix on the trace just 
recorded changed from "P" to "R". 
("R" indicates thpt the trace has been 
recorded on tape.) 

The next consecuti ve number will 
appear on line 8. If there is a trace 
displayed on line 8, and if the 
SEC/DIV and TRIGGER, POS control 
settings have changed, the traces on 
lines 1 . through 7 will be redisplayed 
to agree in both time and position 
with the new settings. 



3.9.2.6 Transcribe Mode 

STEP PROCEDURE 

1 Enter the transcribe mode. 

2 If the "Erase" operation is to be per
formed, proceed to step 14. 

3 

If the "Test Tape" operation is to be 
performed, proceed to step 20. 

If records are to be transcribed to 
another tape or to a new position on 
the same tape, proceed to step 5. 

If the tape is to be rewound, proceed 
to step 3. 

Depress and release the "YES" push
button. 

4 If another tape is to be rewound, 
insert that tape and repeat step 3. 

5 

This completes the rewind procedure. 

Depress and release the "NO" push
button. 

6 If the lowest record number to be 
transcribed is 001, proceed to step 4. 

7 

If the lowest record number to be 
transcribed is not 001, use the DATA, 
pas pushbuttons to display the lowest 
number that is to be transcribed. 

Depress and release the "YES" push
button. 
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INDICATION 

"REWIND TAPE?" appears on the 
display. 

The tape will move forward to the 
end and then rewind back to the 
beginning. 

"REWINDING-WAIT" will appear on 
the display. 

When rewinding is complete, 
"REWIND TAPE AGAIN?" will appear 
on the display. 

"READ DOl?" appears on the display. 

The number se lected (XXX) will 
appear on the display. (READ XXX?) 

"READ XXX - XXX?" appears on the 
display. 



3.9.2.6 Transcribe Mode (cont.) 

STEP PROCEDURE 

8 If only a single record is to be tran
scribed, proceed to step 6. 

9 

If a block of records is to be tran
scribed, use the DATA, POS push
buttons to display the highest con
secuti ve record number that is to be 
transcribed. 

Depress and release the "YES" push
button. 

10 If the records are to be written onto 
a new tape at the same location, 
proceed to step 8. 

If the records are to be written to a 
new location, either on the same tape 
or on a new tape, use the DATA, POS 
pushbuttons to select the block of 
consecuti ve numbers at the new loca
tion. 

11 If the records are to be moved to a 
new location on the same tape, pro
ceed to step 9. 

12 

If the records are to be transcribed 
to another tape, remove the data 
cartridge and insert the other pre
indexed data cartridge. 

Depress and release the "YES" push
button. 

13 If the records transcribed in step 9 
are to be recorded on additional 
tapes, repeat steps 8 and 9. 

This completes the transcribe proce
dure. 
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INDICATION 

The number selected 
appear on the display. 
- YYY?) 

(YYY) will 
(READ XXX 

"READING - WAIT" will appear on 
the display. 

Then "WRITE XXX - YYY to XXX
YYY" will be displayed. 

The block of numbers selected (WWW 
- ZZZ) will appear on the display. 

(WRITE XXX - YYY to WWW-ZZZ?) 

The tape will move to the first record 
in the group to be transcribed. 

"WRITING-W AIT" will then appear on 
the display. 

When the writing is complete, "WRITE 
XXX-YYY to WWW-ZZZ again?" will 
appear on the display. 



STEP 

14 

I ranscrlDe Moae lcont.) 

PROCEDURE 

Depress and release the "NO" push
button twice. 

15 If the lowest record number to be 
erased is 001, proceed to step 13. 

16 

If the lowest record number to be 
erased is not 001, use the DATA, POS 
pushbuttons to display the lowest 
number that is to be erased. 

Depress and release the "YES" push
button. 

17 If only a single record is to be erased, 
proceed to step 15. 

18 

If more than one consecuti ve record 
is to be erased, use the DATA, POS 
pushbuttons to display the highest 
consecuti ve number that is to be 
erased. 

Depress and release the "YES" push
button. 

19 If additional tapes are to have the 
same records erased, remove the tape 
just erased and insert the next tape 
to be erased. Repeat step 15. 

This completes the erase procedure. 
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INDICATION 

"ERASE DOl?" appears on the display. 

The number selected (XXX) will 
appear on the display 

(ERASE XXX?) 

"ERASE XXX-XXX?" will be dis
played. 

The number selected (YYY) will be 
displayed. 

(ERASE XXX-YYY?) 

The tape will move to the first record 
to be erased. 

"ERASING -WAIT" will then appear 
on the display. 

When the records have been erased, 
"ERASE XXX-YYY AGAIN?" will be 
displayed. 

NOTE: If the entire tape is being 
erased, records 001-100, in
stead of display ing "ERAS-
T"'10 \A/I\TTrt "T"Ir"""'\C""VT"Ir> 
"1I ... 1....J1 - YV MJ. I, J.I 'ILIL/\.J.I 'IU 

TAPE - WAIT 60 SEC." will 
appear. A fter erasure is 
complete, "ERASE 001-100?" 
will be displayed. 



3.9.2.6 

STEP 

20 

21 

22 

23 

I 

Transcribe Mode (cont.) 

I 

PROCEDURE 

Depress and release the "NO push
button twice. 

Depress and release the "NO" 
pushbut ton. 

Depress and release the "YES" 
pushbutton. 

If additional tapes are to be 
tested, remove the tape just 
tested and insert the next tape to 
be tested. Repeat step 19. 
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INDICATION 

"ERASE DOl?" will be displayed. 

"TEST TAPE?" will be displayed. 

"TESTING - WAIT" will be displayed. 
A fter testing, "TEST TAPE AGAIN?" 
will be displayed. 



3.10 Programming Notes 

3.10.1 Test Point Selection 

F or system or subassembly testing, the 
minimum number of test points should be 
selected that will validate the electrical 
performance. 

For troubleshooting, test point selec
tion should follow the troubleshooting tree 
format. 

3.10.2 Test Procedure 

A recommended test procedure or "test 
point listing" is shown in Figure 3.5, and a 
sample listing is shown in Figure 3.6. The 
system test sequence is shown as Record 
No.'s 001-010 in Figure 3.6. The trouble
shooting sequences begin at Record No. 012. 

3.10.3 Programming Steps 

Steps 1 & 2 Sectionalize the system 
under test (SUT), and 
select test points. The 
order in which these two 
steps are done will de
pend to a great deal on 
the complexit y of the 
SUT. In one case, the 
test points that will val
idate the system will be 
obvious, in which case 
that step will be done 
first. In another case, 
sectionalization of the 
system may be required 
in order to determine 
which points must be 
tested. 

Sectionalization would 
be done on a functional 
basis, with grouping of 
the test points that re
quire a common trigger. 
The idea is to keep the 
test operation as simple 
as possible. Testing all 
points that use a 
common trigger point, 
in sequence, will reduce 
the number of opera
tions the user will have 
to perform. 

Step 3. If the signals at a group of test 
points have a time relationship 
to a specific clock, the clock, 
or a waveform derived from 
that clock, should be the first 
signal programmed in the se
quence for that group of sig
nals. To obtain the best fre
quency resolution in the ALIGN 
mode, a large number of tran
sitions should be recorded. 
However, the pulse or data bit 
width should never be less than 
the COMPARE resolution. 

TIP: The COMPARE resolution can 
be found by depressing the 
COMP, .04 DIV pushbutton un
til the minimum is reached. 

Step 4. Program the group of test 
points that have a timing rela
tionship to the clock signal re
corded in Step 3. These signals 
should be displayed with maxi
mum display resolution com
mensurate with the minImUm 
amount of displayed data re
quired. 

The purpose of having the 
waveforms displayed is to pro
vide the user with information. 
Unless the user has good visual 
resolution, the display is of no 
value to him. Therefore, when 
large amounts of data are to 
be compared, record as much 
data as possible without losing 
good visual resolution and then 
make additional recordings at 
the same test point (different 
trigger position) to cover the 
additional data that must be 
compared. 

Step 5. Proceed to the next group of 
test points and repeat steps 3 
and 4. 

3.10.4 Setting the Controls 

The DATA THRESHOLD AND TRIGGER 
THRESHOLD voltages are set for the logic 
family that is being tested. If you are pro
gramming a system using mixed technologies 
and are not sure about the logic levels, use 
the ANALOG mode to check the levels. 
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The TRIGGER POSITION should be set 
to 0.0 when recording the clock signal. 
Whenever possible, record the other signals 
as close to 0.0 trigger position as possible. 

When recording a clock signal, the 
SEC/OIV should be set so that a large 
number of transitions will be displayed (see 
Step 3 above). For other recordings, the 
important thing is to have good visual reso
lution (see Step 4 above). 

The following guidelines may be used 
for setting the COMPARE function. 

1. If only looking for the presence of 
a pulse, the setting should be just 
small enough that the absence of 
a pulse would indicate an error. 
If the timing is unimportant and 
it does in fact vary to a large 
degree with reference to the com
pare setting, errors may often be 
indicated during testing. In such 
a case, it is better to show a FAIL 
condition when there is none than 
to show a PASS condition when 
there is no pulse. An instruction 
in the "test poi nt listing" could tell 
the user when to disregard the 
FAIL indication. 

2. If timing is important, the pro
grammer will have to determine 
the maximum allowable deviation. 

F or example: If there are 10 gates 
between the trigger source and the 
test point, and the propagation de
lay of each gate can vary from 8 
to 15 ns, the total variation can 
be as much as (15-8) X 10 or 70 
ns. If the time bases were set to 
50 ns/DIV, the compare function 
would have to be set to 1.6 divi
sions or 80 ns minimum. In no 
case, however, should this setting 
exceed the pulse width or the 
width of one bit of data. 

3. Specific limits may be dictated by 
the system specification or other 
circuit timing requirements. In 
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this case, program in those limits 
unless they exceed the pulse or data 
bit time, in which case the setting 
should be at least one increment less 
than the pulse width or the time of 
one data bit. 

4. If the user does not want to calculate 
his propagation delays, or he chooses 
to assume the delays will average 
out, he should use the following rule 
of thumb. 

Set the compare limit to the 
smaller of two times the mini
mum allowable setting or 1/2 
the pulse of data width. 



TEST PROCEDURE 

SHT. of 
FOR __________________ _ Approved 

By _______ _ 

T est Equipment Required: Date -----
Biomation DTO-l 
DTO Cartridge No •. _______________ _ 

Cartridge No. ______________ __ 

RECORD DATA PROBE TRIGGER PROBE ON FAIL GO TO 
REMARKS 

NO. AT AT CARTR. RECOR[ 

I I I I I 

Figure 3.5 Recommended Test 
Procedure 



Test Equipment Required: 

Biomation DTO-l 

TEST PROCEDURE 

FOR COFFEE VENDOR 
MODEL 120 

DTO Cartridge No. 120-1, 2, 3, & 4 

Cartridge No. 120-1 -------------------------------------

IRECORD DATA PROBE I TRIGGER PROBE ON FAIL GO TO 
! AT CAR TR. RECOR[ NO. AT 

001 PCB7, A13-6 PCB7, A7-13 

002 PCB7, A7-13 PCB7, A7-13 

003 PCB7, E14-1 
,. 

! PCB 7, A 7 -13 012 

004 PCB7, D3-2 PCB7, A7-13 091 
JUNCTION 

005 PCB1, R13-C6 IpCB7, A7-13 120-2 010 

006 PCB3, C12-15 IpCB3L Bl-6 120-2 052 
I 

007 PCB4, A3-2 I PCB3, Bl-6 120-2 081 

I 
008 PCB5, Cl-7 ! PCB5, Cl-2 120-3 001 

009 PCB6, Jl-37 i PCB5, Cl-2 120-3 045 
! 

010 PCB2, B13-3 I PCB5, Cl-2 120-4 010 

011 
I 

012 PCB7, E14-3 I PCB7, A 7-·13 041 

I 013 
I 
i 
! T""\~T""II"" "7\"'" "".\ 
I .L\"'.D/, t"l,/-..1.J 

014 PCB7, E13-1 
I 

I PCB7, A7-13 

015 PCB7, E13-11 PCB7, .A7-13 

i 
I 016 PCB7, B3-7 PCB7, A7-13 072 

017 PCB7, Al-6 I PCB7, A 7-13 

018 

I 

SHT. 1 of 18 

Approved 
By ______ _ 

Date 7/7/77 

REMARKS 

l\UTO ALIGN 
LIMIT .93 to 1~07 

I 
PRESS "C~REAM ONLy"J 

PRESS II 
"HOT CHOCOLATE" 

END OF rEST 
PROCEDURE 

I 
I 

I 

1 
~35- i L 0,_1_9 ~-rlpCB7.!u C 2-L.-- """""""'1'I-P_ C_B_ 7 .:..., _A_7_-_1_3 __ +-_~--! ___ --!-__________ ~~ 

1020 IpCB7, C2-2 ! PCB7, A7-13 J 



SECTION IV 

PRINCIPLES OF OPERATION 

4.1 Introduction 4.2.1 Front Panel Boards 

This section provides a basic functional 
description and a detailed circuit description 
of the DTO-I. 

Front panel and data probe switch 
information is made available to the Control 
board. The data and trigger settings are then 
stored in RAM. 

4.2 Basic Functional Description 

For the discussion that follows, refer 
to the block diagram, Figure 4.1. 

Instrument status information from the 
Control board is displayed via front panel and 
data probe LEOs. 

~-------------------------------------------------------------, r-----------------------------, 
• · : ANALOG-TO-DIGITAL CONVERTER, 
: SAMPLE AND HOLD CIRCUITS. 
• • • 

HIGH SPEED MEMORY 
(1024 bits) 

CONTROL 
BOARD 

MICRO
PROCESSOR 

ROM 
(READ-ONLY 
MEMORY) 

RAM (RANDOM 

HIGH SPEED MEMORY 
CONTROL 

U--J'-I ACCESS 

w 
£Xl 
o 
a:: 
D.. 

~ 
<:( 
c 
~ 
o 
a:: 
u. 

SAMPLE CLOCK GENERATOR, Ift-----' 
FREQUENCY SELECTOR 

TRIGGER DELAY 
COUNTER 

TRIGGER SELECTOR 
& DETECTOR 

INPUT ! t ___________________________________________ ~_~~~~ __________ _ 

~ ~g~ETRIGGER • - - - --:~~~::::::~~~~ -~~::~:~;~~- -.... -_--_-_-_--_-_--_-_-_--_-__ - -."Il-' 

~ __ L_E_DS __ ~~~---LO-L~-~--~K~------~I I 

Figure 4.1 DTO-1 Block Diagram 
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MEMORY) 

MAGNETIC 
TAPE 
UNIT 

8 BIT DATA BUS, 
16 BIT ADDRESS 
BUS. (ARROWS 
SHOW DIRECTION 
OF DATA TRANSFER.) 



4.2.2 Control Board 

The Control board controls all opera
tions directly or indirectly performed by the 
DTO-l. Front panel switches read by the 
Control board are translated into the control 
signals required to perform the assigned task. 
The Control board contains a Motorola 6800 
microprocessor, Read Only Memory (ROM), 
Read-Write Memory (RAM), and a Direct 
Memory Access (DMA) controller, all con
nected together by an address and data bus 
and synchronized by a timing generator. 

4.2.3 Display Board 

Data representing the information to be 
displayed on the CRT is stored in the 
microprocessor RAM. The Display board 
reads this data through the DMA channel and 
converts it to three analog signals for the 
CRT display unit. 

4.2.4 Input Board 

The input board is, in essence, a variable 
speed analog-to-digital converter. The 
Analog Input signal is converted to a digital 
data stream that is stored in memory. The 
Data or External Trigger input can identi fy 
when the conversion is to take place. 

Before the input signal can be digitized, 
the Input board must be ini tialized by setting 
the sample clock frequency, the trigger delay 
counter, the trigger source, the mode "analog" 
or "digital", and the input threshold voltages. 
The microprocessor controls these circuit 
functions by writing data into latches and 
counters on the Input board. The micro
processor can also test the results of 
processes by reading the status of the Input 
board. 

4.2.5 Signal Acquisition, Storage and 
Display 

Signal acquisition is accomplished by 
sampling the input at rates up to 100 MHz. 
For logic recording, a string of "l's" and "O's", 
relati ve to the data threshold level, are 
continually stored in a 1024-bit high-speed 
memory. When a trigger event occurs and 
a trigger event countdown is complete, the 
1024-bit high-speed memory is hal ted and the 
most recently stored 1000 bits are transferred 
to a low-speed RAM area. 
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High speed analog waveform recording 
is handled in a similar manner except that 
the process is repeated 39 times, looking at 
di fferent threshold levels or windows on each 
pass. The high-speed memory again stores 
1024 bits for each scan and transfers this 
information to RAM. Closely spaced 
threshold voltages are established for each 
scan with a logic "1" recorded only if the 
input is within that window during the 
associated sampling interval. After 39 scans, 
bits describing the complete waveform reside 
in RAM. 

For low-speed analog waveform re
cording, only one occurrence of the signal is 
required. A successi ve approximation 
digitization is made during each sampling 
interval, and the appropriate column of the 
39 row by 200 column memory matrix is 
developed. 

The stored data, for both logic and 
analog recordings, includes the control set
tings at which those recordings were made. 
This data is continually read by the display 
circuitry to provide X, Y and Z signals to 
the CRT where the logic traces and wave
forms appear. 

A logic trace always consists of 200 
display bits. Depending upon the SEC/DIV 
and TRIGGER POSITION settings, anywhere 
from 40 to 1000 of the 1000 stored bits are 
used to make up the display bits. Whenever 
the number of stored bits to be displayed 
exceeds the number of display bits (200), an 
algorithm is used to process the stored bits 
in such a manner that a change of state 
during any display interval will always be 
detected and displayed. 

Once a logic trace is in RAM and 
displayed, it can be transferred to tape 
storage. This can be accomplished only in 
the PROGRAM mode and only for the most 
recently acquired logic trace. Except for the 
bit transfer in and out of the high-speed 
memory, all other data transfers are in bytes; 
i.e., RAM to display, RAM to tape, tape to 
RAM. 

Each displayed logic trace is stored in 
RAM twice. Once as it was originally 
acquired and once as it is displayed. The 
1000 bits in the first location never change, 
while the display bits in the second location 



change as the display parameters are changed; 
i.e., SEC/OIV, TRIGGER POSITION, AUTO 
ALIGN. 

When the automatic align feature is 
enabled, the AF /RF ratio must be determined. 
This is accomplished by counting the total 
number of bits between the first and last 
transition for the total number of complete 
cycles recorded. The total number of bits 
is divided by the number of complete cycles 
to yield the number of bits per cycle. Doing 
this for both the "A" and "R" traces yeUds 
the frequency ratio. 

The number of display bits per cycle of 
the "R" trace is then increased or decreased 
to agree with the number of bits per cycle 
of the "A" trace. 

In the automatic COMPARE mode, the 
bits stored in RAM for both the "A" and "R" 
logic traces are compared bit by bit. Where 
there is logical agreement, there will be a 
"0" logic level, and a disagreement will 
produce a logic "1". This data is stored in 
RAM and is displayed as an underscoring of 
the "A" trace. Only the logic "1" bits are 
intensified and, therefore, visible on the 
display. 

Another function of the processor is to 
take these logic "1" areas of disagreement 
and make a PASS/FAIL decision. It compares 
the number of consecuti ve errors against the 
allowable predetermined limit. If the 
consecuti ve errors exceed this limit, the FAIL 
LED is lit. If the total number of error bits 
exceeds 30% of the recorded bits, there will 
also be a FAIL indication. If neither of these 
limits is exceeded, the PASS LED is lit. 

In storing a record on magnetic tape, 
the 1000 logic bits, the associated 120 control 
setting bits, and the S-bit CRC (cyclic 
redundancy check) are automatically recorded 
twice in succession. The CRC is a hamming 
code obtained when the complete string of 
1120 bits is divided by a nine term polynomial. 

When reading a record, the record index 
number (1 to 100) is first verified, then the 
first group of 1120 bits is read into RAM. 
If a CRC byte developed as described above 
agrees with the CRC byte from magnetic 
tape, the 1120 bits are retained in RAM. 

If the first of the two test-record copies 
fails the CRC, the second is read and 
checked. If both fail, these redundant checks 
are made up to three more times by rewinding 
and rereading the two records. 

If all eight CRCs fail, the micro
processor displays the message READ ERROR 
AT XXX (the record index number). Pressing 
the clear button results in the trace being 
displayed with an E instead of its normal R 
prefix. 

4.3 Detailed Description 

This part of Section IV gives a detailed, 
circuit-by-circuit description of the Model 
OTO-I. 

4.3.1 Front Panel Circuitry 

The Front Panel circuitry performs 
three functions. It displays instrument status 
information via LEOs, sends control switch 
information to the processor, and couples 
switch and pass-fail information to the probe. 

The processor controls all front panel 
operations through the Data Bus, Address Bus 
and the WP signal, which originate on the 
Control board. To illuminate one or more 
LEOs, the processor addresses either U6 or 
U7 by setting either AD or AI, and puts the 
appropriate information on the data bus and 
pulses WP high. The low levels from the 
data bus are latched into U6 to Ii ght the 
PASS, FAIL, ARM SINGLE, ARM CONTIN
UOUS, TRIGGER SLOPE or TRIGGER 
SLOPE as required. A 3-bit binary code 
latched into U7 lQ, 2Q and 3Q selects one 
of the mode LEOs through US. Also a 3-bit 
code on U7 4Q, 5Q and 6Q selects one of 
the trigger source LEOs through U9. To 
determine if one of the panel switches is 
depressed, the processor selects one of the 
four banks of switches by the binary code of 
AD, Al acting through gates U4-6, U4-3, 
U4-11 or U4-S to bring the switch commons 
low. If a switch is closed, a low level is 
coupled through Ul to the data bus when the 
processor brings RP low. If one of the Data 
Input Probe switches is depressed, a low level 
is coupled through U5-3 and Q2 or U5-11 and 
Ql to Ul. 

The Pass and Fail lights on the Data 
Input Probe are turned on by either a posi ti ve 
or negati ve current into the reverse con
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nected LED pairs. To turn on the Pass LEOs, 
a low is latched into U6-1Q (as before for 
the panel Pass LED) turning on Q3 and Q4. 
Q4 conducts current from ground in the probe 
through the two green LEOs to-5.2 V. To 
turn on the probe Fail LEOs, a low is latched 
into U6-2Q turning Q5 on. Q5 conducts 
currents from +5 V through the red LEOs in 
the probe. 

4.3.2 Input Board 

The Input board is, in essence, a variable 
speed analog-to-digital converter. The Analog 
Input si gnal is converted to a digital data 
stream that is stored in memory. The Data 
or External Trigger input can identify when 
the conversion is to take place. Refer to 
Figure 4.2, block diagram, before reading the 
following detailed description. 

CALIBRATOR 
OUT 

DATA ~----.--t 

09 

CALIBRATOR 

VTA 

IGS >-C>~~t
+ 1 >---1-+--/ 

I (] KB 

I 014 

EXTER NAL "">-~II---4l~----4 
TRIGGER 

AD11 

AD10 
A09 

VTC 

1kHz 

E 

F 

A 

C 

VREF 

4.3.2.1 Initialization 

Before the input signal can be digitized, 
the Input board must be initialized by setting 
the sample clock frequency, the trigger delay 
counter, the trigger source, the mode "analog" 
or "digital", and the input threshold voltages. 
The microprocessor controls these circuit 
functions by writing data into latches and 
counters on the Input board. The micro
processor can also test the results of 
processes by reading the status of the Input 
board. Refer to Table 4.1 for the signals 
under the control of the microprocessor. 

The 100 MHz oscillator (7K-15) is 
divided by decades to 10 Hz. One of the 
decade frequencies is selected by SCA, SCB 
and SCC through multiplexer 8J. The output 
of 8J is further divided by two and fi ve by 

SCA SCB SCC SCD SCE 

SAMPLE CLOCK DIVIDER 

SAMPLE CLOCK 
~-+----------~ 

DOT AND 
GLITCH 
DETECTOR 

TRIGGER SELECTOR 
AND LATCH 

ARM MAN TSA TSB 
TRIG 

HIGH 
SPEED 
MEMORY 

SAMPLECLK 

TDCA 
TDCB 

TDCC 
TCDC 

EA 
TDCE 

TDCF 
TDCG 
TOCH 

CItP 

CSA 

MI 

MOA 
MOB 
MOC 
MOD 
MAA 

MAB 

CM 

EOS 

Figure 4.2 Input Board Block Digram 
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Table 4.1 Signals Under Control of the Microprocessor 

I Write A2 Al AO 07 06 05 04 03 02 01 DO 

0 0 0 0 A05 A04 A03 A02 AOI ADO 

1 0 0 1 AOll AOI0 A09 A08 A07 A06 
TTL 

2 0 1 0 IGS TTA OTB OTA 

3 0 1 1 EA SCE SCO SCC SCB SCA 

4 1 0 0 MAN TRIG ARM TSB TSA 

5 1 0 1 TOC7 TOC6 TOC5 TOC4 TOC3 TOC2 TOCI TOCO 
(CTOC A) 

6 1 1 0 TOC15 TOC14 TOC13 TOC12 TOCll TOCIO TOC9 TOC8 
(CTOC B) 

7 1 1 1 * * * * * * * * (EM) 

* The high speed memory is clocked independent of the data. 

READ A3 A2 Al 07 06 05 04 03 02 01 DO 

0 0 0 0 A MAB MAA MOD MOC MOB ·MOA 

1 0 0 1 C MAS MAA MOD MOC MOB MOA 

2 0 1 0 E MAB MAA MOD MOC MOB MOA 

3 0 1 1 F MAB MAA MOD MOC MOB MOA 

4 1 0 0 T MAB MAA MOD MOC MOB MOA 

5 1 0 1 EOS MAB MAA MOD MOC MOB MOA 

6 1 1 0 CSA MAB MAA MOD MOC MOB MOA 

"7 , , , ... AT t..A 1\0 ... .11\1\ ... Ann II.Anr ... Ano 11...1(""1/\ 
I .J. .J. .J. IVt.1 IVII""\U IVII""\I""\ IYI\.JU IYI\.JL, IYI\.JU • "'I\oJ" 
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7H. SCD and SCE select either the undivided 
output or the output divided by two or five. 
The se lected frequency at the common output 
of 7F is the sample clock frequency and is 
delayed and buffered by 8F-2 and 7E for use 
throughout the Input bQard. 

The trigger delay counter 3F, 4F, 3E, 
and 4E is preset with the 16-bit complement 
of the number of sample clock pulses to be 
counted after the trigger event. The data 
bus, buffered by 3H and 4H and shifted to 
ECl levels, is clocked into 3F and 4F by 
CTDCA and into 3E and 4E by CTDCB. 

The trigger source, one of the· four 
outputs of 8C and 80, is se lected by TSA 
and TSB through multiplexer 70 to the clock 
of 60-15. The trigger source is thus selected 
as either the positi ve or negati ve slope of 
the DATA or EXTERNAL TRIGGER input. 

Input data may be taken in anyone 
of four ways depending on the front panel 
controls. 

1. High Frequency Digital 
2. low Frequency Digital 
3. High Frequency Analog 
4. low Frequency Analog 

If an Analog mode is se lected, the Dot 
and Glitch detector is configured to detect 
Dots by E ; otherwise, E is set low, 
configuring the Dot and Gli&h detector to 
detect glitches. In both Analog modes, with 
E A high comparators 8A and 8B are stro~ed 
by the sample clock. In the Digital modes 
the comparator outputs are acti ve at all 
times. 

The threshold voltages required by the 
comparators as references for detecting the 
input signals are established by the micro
processor. Before setting the threshold 
voltages, the offsets of the input ampli fiers 
Q9, QI0 and Q14, and of the comparators 
are measured by the processor through the 
threshold circuit. To measure the offsets the 
microprocessor sets IGS high, grounding the 
Data and Trigger Inputs through KA and KB. 
The microprocessor then determines the 
voltage required at VTA, VTB and VTC to 
produce a change of level at comparator 
outputs A, C, and E or F. If one of the 
inputs requires more than :±.50 mV, the 
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corresponding input is not calibrated and one 
or more "INPUT OFFSET ERROR" messages 
will show on the CRT. With the offsets 
determined, the microprocessors adjust the 
voltages set at VT A, VTB and VTC to one
tenth of the required threshold voltages. 

The threshold circuit consists of +10 V 
reference 10E, registers I1H and 10H, 
digital-to-analog converter I1F, output amp
lifier lIE, three switch 100 holding capaci
tors C13, 19 and 25, and amplifiers lOB, lOA 
and 10C. During a measurement the micro
processor automatically controls the DAC 
inputs and switches to maintain the required 
threshold voltage VT A, VTB, and VTC. 

With DT A, DTB and T.TA low, the 
processor loads registers 10H and 11H with 
the binary value of the voltage to be set as 
threshold voltage VT A. The output of 
digital-to-analog converter IlF is a current 
proportional to the binary input. Ampli fier 
lIE produces a voltage proportional to the 
IlF output current that, when acting through 
resistors internal to IlF between I1F 10 and 
IlF 9 and 11, hold pins llE-8, 9, and 11 at 
ground. Table 4.2 shows the expected output 
voltage at llE-6 for selected binary inputs 
to IlF. 

A fter the voltage at llE-6 has 
stabilized, DTA is set high turning on CMOS 
switch 100-3,4. Capacitor C13 charges to 
the desired threshold voltage until DT A is 
set back low and the switch opens. In a 
similar manner, voltages VTB and VTC are 
set and held on capacitors C19 and C25. 

The process of repeatedly charging 
capacitors C13, 19 and 23 maintains the 
required threshold voltages stable at the 
inputs to unit y gain buffer ampli fiers lOB, 
lOA and 10C. The outputs of the unity gain 
buffers are filtered to remove any high 
frequency noise, presenting clean, stable, and 
accurate threshold voltages to the inputs of 
the comparators. 

Comparators 8A through 80 compare 
the reference voltages on their negati ve (-) 
input to the buffered Data or External Trigger 
inputs. When the Data or External Inputs 
are more positi ve than the corresponding 
reference voltage, an ECl high level is 
present on pin 7. 



Table 4.2 
Selected Digital-To-Analog Output Voltages 

AD 
11 10 9 8 7 6 5 4 3 2 1 0 

0 0 0 0 0 0 0 0 0 0 0 0 

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

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

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

1 1 1 1 1 1 1 1 1 1 1 1 

The incoming signal is processed by the 
DTO-l in one of four ways depending on the 
front panel control settings. The processing 
is dependent on the sample clock frequency 
and whether an analog or digital trace is to 
be displayed. The four conditions are shown 
in Table 4.3. 

The most common mode of signal pro
cessing is High Speed Digital. To initiate 
the recording of a digital trace, the SWEEP 
ARM SINGLE or SWEEP ARM CONTINUOUS 
is depressed and the processor initi ali zes the 
input circuitry as described previously. The 
processor then sets ARM (9J-I0) high so that 
data prior to a trigger event can be loaded 
into memory. 

In the digital recording modes the thres
hold voltage at BA-3 and B8-3 are separated 
by 20 mV to provide hysteresis. Whenever 

Output Voltage I 
11 E-6 

-2.56000 

-0.00125 

0.00000 

+0.00125 

+2.55B75 

the input signal at BA-2 is more positi ve than 
the upper threshold level at BA-3, 68-2 is set. 
Whenever the input signal at B8-2 is less 
positi ve than the lower threshold voltage at 
B8-3, 68-2 is reset. 

8rief pulses or glitches either 
momentarily high or low occurring between 
rising edges of the clock are latched into 68-2 
if the output of 68-2 and 68-15 are the 
opposite state of the glitch. As an exampfe, 
suppose the signal had been less positi ve than 
the threshold vol tage for several clock cycles 
causing 68-2 and 68-15 to be low. If the 
signal becomes more positi ve than the 
threshold for more than 10 ns, 68-2 is preset 
high by 6A-2. Then, regardless of the sample 
clock frequency, the high state on 68-2 is 
clocked into 68-15 and then into the high speed 
memory. A negati ve-going glitch after being 
high resets 68-2 through 6A-15 and is latched 

Table 4.3 

V. I.h d I fucesslng I leL 10 .:Jample 1""1 I r 
L-10Ct< r requency 

,.. I Ir--.· • • 
;:)econasl UI VISIon 

Low Speed Digital 20 Hz to 500 Hz 0.5 to 5 

High Speed Digital 1 kHz to 100 MHz 50 ns to 0.1 

Low Speed Analog 100 Hz or 200 Hz 0.5 to 5 

High Speed Analog 500 Hz to 100 MHz 50 ns to 0.2 

*Assumes trigger position < +7.1 divisions. 
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into 6B-15 on the next rising edge of the 
clock. A continuous series of glitches 
produces alternating highs and lows from the 
glitch detector indicating that a noisy input 
signal or too Iowa sample frequency has been 
selected. With E low the Q output 6B-15 
is gated through 5~-2 to the Dot and Glitch 
Detector output register 50-2, which is also 
clocked by the sample clock. The output of 
the Dot and Glitch Detector is connected to 
the High Speed Memory. 

The acti ve high and acti ve low data 
inputs to the High Speed Memory are 
translated from ECl to TTL levels by 4C-4 
and 4C-5. The sample clock is divided by 
20-2 and 20-15 to form a four phase clock 
for the memories. These four ECl level 
clocks are translated to TTL by 10. Because 
the TTL memories IB, IF, 2B and 2F cannot 
store data at 100 MHz, the data stream is 
demultiplexed into four separate memories, 
each with its own address counter and input 
register. The clock phases and timing for 
memory IB are shown in Figure 4.3, timing 
diagram. 

4C4 

5C6 

10-5 • 

10-13--, .... __ .....1 

DATA 

CSC 

----ClKIA 
andlC 

10-14 ---, .... __ s--~ __ .5"'--

10-12 ---I .~--..... • r- ClK 
38-5 

385-----. 
'----------" 

1A-1C x~-------'C=== 

10-5 ------,L------lr-----,L-WRITE 18 

Figure 4.3 High Speed Memory Timing 
Diagram 

Because the memory address counters 
and clock register 20 are not preset prior to 
accepting new data, the data is stored 
sequentially until the trigger event occurs 
and the Trigger Delay counter stops the high 
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speed memory. Then the data is clocked out 
of the memory in the same sequence as it was 
entered. This is possible because the 
address counter repeats the same address 
sequence every 256 clocks regardless of where 
they start. The first, fifth and ninth data bits 
are clocked into 3B-9 then stored in successi ve 
addresses of 2B; the second, sixth, and tenth 
bits are clocked into register 3C-5 then stored 
in successive addresses of 2F; the third, 
seventh, and eleventh bits are clocked into 
3B-5 then stored in IB and so forth until the 
required pretrigger data has been stored in 
memory. 

low Speed Digital traces are detected 
in the same manner as High Speed Digital 
traces through the input amplifiers, compara
tors, and the Dot and Glitch Detector; 
however, the high speed memory is not used. 
To permit the trace data to be displayed on 
the CRT as it is being recorded, the processor 
monitors the sample clock signal through 
multiplexer 6C-13 and transfers the data 
directly to the processor memory from the 
output of the Dot and Glitch Detector at 50-2. 

4.3.2.2 Input Ampli fier Circuits 

The External Trigger and Data Inputs are 
coupled to the DTO-l through XI0 probes 
similar to conventional oscilloscope probes. 
The signal is attenuated by the ratio of the 
9 Mn resistor in the probes and the 1 M n 
resistors (R50 and RS2) in the DTO-l. The 
variable capacitors in the probe compensate 
the probe cable and DTO-l input capacitances. 
Diodes CRl, CR2, CR3 and CR4 clamp any 
out-of-range input signals to plus and minus 3 
V to prevent damage to the DTO-l input 
circuitry. Resistors R46 and RSO limit current 
into the protection diodes. FET matched pairs 
QI0, 9, and 14 form unity gain voltage 
ampli fiers with low output impedances to dri ve 
the voltage comparators. Two amplifiers are 
used on the Data Input to isolate the data and 
trigger comparator circuits so that trigger 
comparator noise doesn't degrade the signal to 
the data comparators SA and SB. 

High Speed Analog signals are recorded 
using a unique I-bit conversion technique 
(patent application pending). At the start of 
the conversion, threshold VT A is set to a 
voltage equal to the highest vo ltage to be 
displayed on the CRT and VTS is set to a 



voltage one-tenth of a division lower. At 
the falling edge of CS a 2 ns pulse briefly 
enables comparators SA and S8. If the 
DATA INPUT signal is more positive than 
the threshold voltages, the comparator 
outputs latch high; if the DATA INPUT is 
more negati ve than VT A or VTB one of the 
corresponding outputs latches low. The 
output of SA is latched into register 68-2 
and the output of 38 is latched into register 
68-15 on the rising edge at the sample clock. 
Gate circuitry 58-3, 58-15, 58-2 and 5C-15 
output a high level to latch 5D-2 only if 
the signal was between or has just crossed 
the threshold voltages. Data from the Dot 
and Glitch Detector is clocked into the High 
Speed Memory just as it is in the High Speed 
Dig i tal mode. After the tri gger event and 
count down have occurred, the data 
indicating when the signal was in the first 
"window" is transferred from the high speed 
memory to the processor memory. Threshold 

voltage VT A is then decreased by two-tenths 
of a division creating a new window and new 
data. The windows are leapfrogged down and 
data is transferred to the processor memory 
until 39 200-bit lines are stored in the 
processor memory. These 39 200-bit lines of 
data are used to intensify dots on the CRT 
screen to produce the High Speed Analog 
Display. 

A Low Speed Analog Display is recorded 
by a successi ve approximation routine~ Rather 
than requiring 39 repetitions of a low speed 
analog signal, the waveform is digitized 
completely as it occurs. After each rising 
edge of the sample clock, the processor 
digitizes the signal according to the routine 
shown in Figure 4.4. 

The Threshold voltage is initialized to 
the mid-value of the analog display area, the 
raster number (R) is set to 20 (equivalent to 

V ~=O.8 DIVISIONS 
R~=8 

R=R-5 
VTB=VTB-O.45 DIV 

R=R-R~ 
VTB=VTB-V~ 

VTB=MID-SCREEN VALUE 
R=20 

V~=V~/2 
R~=RM2 

R=R+4 
VTB-VTB+O.45 DIV 

R=R+R~ 
VTB=VTB+V~ 

STORE 
R 

Figure 4.4 Diagram of Low Speed Analog Conversion 
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the mid-value), the change in raster is set 
to B and the change in VTS (VA) is set to 
O.B divisions. The first decision about C 
(the output of BS) determines if the signal 
is above or below the mid-value, then adjusts 
Rand VTS accordingly. The second decision 
is made four times, each time adjusting VTB 
and R toward the signal value and the dot 
position to be intensified on the display. 
When the C=l? decision has been made the 
last time, the value of R is stored in the 
processor memory. After digitization is 
complete, the processor fills in the rising 
and falling edges of any vertical discon
tinuities in the displayed waveform. Signal 
frequencies higher than one-fourth the 
sample frequency can cause erroneous dis
plays. 

4.3.2.3 Trigger Circuit 

The recording of a trace while initiated 
by a high ARM signal, is terminated by the 
Trigger Circuit. After sufficient pretrigger 
data has been recorded, the processor sets 
ARM low, then recording continues until a 
trigger occurs and the trigger delay counter 
counts up to FFFF HEX. The trigger event 
can come from either the OAT A INPUT, the 
EXTERNAL TRIGGER or the processor. The 
EXTERNAL TRIGGER is attenuated to one
tenth its actual value by the 9 M n input 
resistor of the probe and the 1 Mn resistor 
RB2 in the DTO. The resulting signal is 
buffered by Q14 so that it can dri ve the 
comparator circuit. The (-) input to com
parator BD is threshold voltage VTC and the 
(+) input is the attenuated and buffer'ed 
EXTERNAL TRIGGER voltage. If the 
EXTERNAL TRIGGER is selected, TSS is 
high enabling BD outputs 7 and B. 

If a positi ve slope, external trigger is 
se lected BD-7 is connected through 70 to 
60-11. When a positive transition with 
respect to the threshold voltage occurs, 
flip-flop 60-15 is set. A small portion of 
the output of comparators BC and BD are 
fed back to the (+) inputs of BC and BD to 
prevent oscillations. Negati ve slope transi
tions are coupled through 70 and BD-B. 
Internal triggers are obtained from the 
DATA INPUT t,hrough buffer Q9 and 
comparator BC in a similar manner to 
external triggers. After 60-15 is set, the 
trigger is recognized on the next rising edge 
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of CS by 60-2. When 60-3 goes low, gates 
6E-3 and 6E-2 are enabled and the sample 
clock begins incrementing the Trigger Delay 
Counter. When the Trigger Delay Counter 
reaches its top count (FFFF), 30-3 goes high 
and on the next sample clock 50-15 goes high, 
stopping the High Speed Memory by inhibiting 
5E-2. The processor detects the end of the 
recording process by testing EOS at 6C-12. 

After EOS, the processor transfers the 
contents of the high speed memory to the 
processor memory. Memory outputs MAA and 
MAS identify which of the memory data 
outputs MOA, MOS, MOC or MOD is acti ve 
at each location. The processor identifies the 
first bit, reads it, writes it into the processor 
memory, then advances to the next High Speed 
Memory location by bringing CM (3J7) low 
momentarily. This process is repeated until 
all the required bits have been transferred. 

4.3.3 Display Soard 

Refer to the back diagram in Figure 4.5. 
Data representing the information to be 
displayed on the CRT is stored in the 
microprocessor RAM. The Display board reads 
this data through the DMA channel and 
converts it to three analog si gnals for the 
Model 350 CRT display unit. The X output 
controls the horizontal position of the electron 
beam, the Y output controls the vertical 
position of the electron beam, and the Z output 
controls whether the beam is turned on or off. 
Sy modulating the X, Y, and Z signals, the 
display board paints a new picture on the CRT 
50 times per second. 

The Display board sequences through 
three display modes during each display cycle. 
The three modes are Digital Trace, Analog 
Trace and Character Display. When power is 
first applied to the DTO, POP is low and the 
circuit is reset; when POP returns high the 
Digital Trace mode is entered. 

Each mode is indicated by a flip-flop. 
During the Digital Trace mode, T (2E-6) is 
high; during the Analog Trace mode, A (2E-9) 
is high; during the Character Display mode, W 
(2F -9) is high. When trace descriptions or 
characters are being transferred through the 
DMA channel from RAM, M (3F -9) is high. 
Figure 4.6 shows the time relationships of 
these si gnals. 
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Figure 4.5 Display Board Block Diagram 

~::S<i::::::==:::;-L.===-_1_Z8_m_s==========~> r-T (2E-6) --1 . 

A (2E-9) ----....... 

W (2F-S) --,L. ________ .-..I 

M (3F-9) --'u'..J..'J..J"...1.'..L' 'U'..L' _____ -..1 

Figure 4.6 Signal Time Relationships 
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To display the first trace at the top of 
the CRT, the DMA channel is activated and 
the unblanking, blanking, and data location 
are read from RAM. Unblanking time is 
loaded into 2K and 3K, banking time is loaded 
into 4K and 5K and the starting bit location 
is loaded into IK. The start word and page 
locations are loaded into the I2-bit DMA 
address counter on the Control board. The 
first word of trace data is read from the 
RAM address indicated by the I2-bit DMA 
address counter. The data is transferred from 
RA~v1 via the data bus to IH. The data bits 
in IH are scanned by counter IE and 
multiplexer IF, but the X sweep is not enabled 
until the start bit is reached as indicated by 
IK. When the last bit in the first data word 
has been displayed, the DMA channel reads 
the next memory location into IH and each 
bit is read. As each bit is read the unblanking 
and blanking counters are incremented. When 
the unblanking counter reaches all ones, the 
beam is turned on. When the blanking counter 
reaches all ones, the beam is turned off. As 
the data bits are read the X counter 60 and 
6E is incremented. 



The data multiplexed through IF-5 
modulates the Y output to produce the high
low logic diagram. As the X counter is 
counting up, the ramp generator is enabled 
and current source Q17 charges C39 pro
ducing a linear voltage ramp at 8J-6. The 
Y digital signals, including the Y line counter 
input, are converted to an analog level by 
7 J to produce the voltage step necessary 
for the Y output. At the end of the digital 
trace the X counter is reset, the X ramp 
is reset, the Y line counter is incremented, 
a new trace description is obtained from 
RAM and the whole process is repeated until 
the eighth trace. During the eighth trace 
the data modulates the Z output rather than 
the Y to underline the seventh trace as 
required. After the eighth trace the bottom 
trace is developed as usual. 

During the second display mode, the 
analog trace, if any, is displayed. After the 
Digital Trace mode is completed, the Display 
board picks up the Analog Trace description. 
The blanking word is loaded into 4K and 5K 
and blanks the analog trace completely 
unless the word is all one's. The unblanking 
word is loaded into 2K and 3K but is not 
used. The address of the first word of trace 
data is loaded into the 12- bit DMA address 
counter on the Control board. The Y output 
is set down one division, the analog line 
counter 6F and 6G is set to 1, the X ramp 
is reset, and the X counter is reset. The 
first data word is accessed from RAM and 

loaded into IH. The X ramp and X counters 
are enabled and each bit of the data word is 
read in sequence through the multiplexer to 
intensify modulate the beam. When the 200 
bits of the 25 data words have been read and 
the X counter reaches 200, the beam is turned 
off, the X ramp is reset and the Y output is 
moved down one-tenth of a division. When the 
X counter reaches 208, it is reset to 1 and 
the next line of data is displayed. After 39 
lines of data the analog line counter indicates 
the end of the Analog Display mode. 

During the third display mode, the 
characters and symbols (see Table 4.4) are 
written on the CRT. Each character is read 
in sequence from the RAM address indicated 
by the 8-bit address counter on the Control 
board and stored in IH. The Y line counter 
and DAC position the beam for the first 
character. 

The 32-word character generator ROM 
IG is addressed by the word in IH. The output 
IG controls the stroke circuit. the ROM 
output can cause the spot on the CRT to move 
in anyone of eight directions with the beam 
on and anyone of seven directions with the 
beam off, or reset the beam to its point of 
origin. Once the character is loaded into IH, 
counter IE, lC-6, lC-9 addresses in sequence 
the 32 strokes to make the required character 
or symbol. After the last stroke (531) the 
beam is positioned to the next origin by the 
X ramp generator and Y ~ounter and DAC. 

Table 4.4 Display Words and Symbols 

OOH "BLANK" 08 8 10 p 18 ? 

01 1 09 9 11 R 19 + 

02 2 OA o 12 5 lA 

03 3 OB A 13 T IB C 

04 4 OC E 14 W lC 0 

05 5 00 G 15 u 10 

06 6 OE 16 n IE F 

07 7 OF N 17 m IF X 
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F our characters or symbols are gen
erated in the first division of the first seven 
lines and forty on the bottom line. If the 
most significant bit of the word in 1H is a 
one the character or symbol is shifted down 
3/32 of a division. 

4.3.4 Control Board 

The Control board controls all opera
tions directly or indirectly performed by the 
DTO-l. Front panel switches read by the 
Control board are translated into the control 
signals required to perform the assigned 
task. The Control board contains a micro-

+5V 

10K 

POP~--~----__ ------~ 

processor, Read Only Memory (ROM), Read
Write Memory (RAM), and a Direct Memory 
Access (DMA) controller, all connected to
gether by an address and data bus and syn
chronized by a timing generator. Refer to 
the block diagram in Figure 4.7. 

4.3.4.1 Timing Generator 

The Timing Generator breaks the 1 J..jS 

system cycle into several time intervals. Each 
1 .us interval is divided so that it shares the 
RAM between the DMA Channel and the 
microprocessor. 

+5V 

4.7K 

TIMING GENERATOR 

I 47/6 

8 

8 

T 47/6 

,....... DMA 
¢1 ¢2 

MICROPROCESSOR 

M 6800 

PANEL, INPUT AND TAPE INTERFACE 

ROM 16.384 x 8 

RAS CAS R/W 

RAM 4096 x 8 

(16,384 x 8 OPTIONAL) 

VMA 

16 

CF (CA + CE) 

Figure 4.7 Control Board Block Diagram 
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When power is applied to the system 
flip-flops H2-5, H2-9, L2-5, L2-9, L3-5 and 
L3-9 are reset to zeroes during the R15, C42 
charging time constant. Then the 20 MHz 
Clock from the Input board increments the 
20 state feedback register H2-5 through 

L3-5 and toggles L3-9, dividing each 1 ).Is 
into 20 states. Refer to the timing diagram 
in Figure 4.8. 

The following signals are derived from 
th is counter: 

--.l- 100 ns -I.-
C 

CA~ ~--------------~I 
cB __ --' 

CC ____ --' 

CD ------------' 

CE --------~ 

CF----------------------' 

CF (CA + CE) 
~ _______________________________ ~r 

~2----------------------~ CF (CA + CE) 

RAS ____ --. 

CAS ________ ~ 
CA + CD ~ __________________ ~r 

ADMAIILP -.J CF (CA + CC) 
~ ______________________________________ ___'r 

A RIC ------. 

DBE~~_C_F_._CA ______ ~ 

EDMA~~ ______ C_F_(_CA_+_C_E_)-_:_8 ______ ___' 

CDMA ________ ~ 
CD· CF 

Figure 4.8 Cycle Sharing Timing Diagram 
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A. 

B. 

C. 

O. 

Mi croprocessor 

1. ~1 Clock 
2. C/J2 Clock 
3. DBE 

RAM 

1. RAS 
2. CAS 
3. WRITE 
4. ROE 
S. CC 
6. CC 

Data Bus Control 

L CF 

OMA 

1. EDMA 
2. COMA 

H4-11 
H4-8 
H4-3 

Nll-8 
NII-I0 
Hl-8 
Nll-6 
L2-S 
L2-6 

L3-9 

H3-12 
E4-11 

Counter N4 gates EOMA so that it occurs 
once every 8 )JS. 

The microprocessor is a Motorola type 
M6800 (refer to M6800 product brochures 
for detailed information). The processor re
cei ves instructions and data from the ROM, 
writes data to and reads data from the RAM, 
and controls the other functional blocks. 
When power is applied to the OTO, R12, 
C2S holds RESET CK2-40) low to initialize 
the 6800. The timing generator provides 
OBE, and clocks ~1 and ~2 through inverting 
transistor dri verso The processor outputs 
ROM, RAM and I/O addresses through 16 
address lines AD and AIS. The processor 
reads and writes instructions and data 
through data lines DO through 07. Output 
VMA indicates valid information is on the 
address bus and R/W indicates whether the 
processor is reading or writing data through 
the data bus. The other processor inputs and 
outputs are not used. Circuits H6, HS, LS 
and L6 buffer the processor from the address 
and data buses. 

The eight ROMs A2 through A9 are 
connected directly to the address bus to 
select one of the 2048 words in each ROM. 
If the processor is reading a word from ROM 
(indicated by H3-8 high) one of the ROMs 
will be selected by Cl and it will output a 
word onto the data bus through B1. -SO-

Trace data, display data and numerous 
temporary variables are stored in the dynamic 
RAMs 04, El, Fl, H8, Jl, K4, L 7 and M2. 
These memories may be accessed twice during 
each processor cycle. During the first half 
cycle the RAMs are connected to the data bus 
for a DMA read (OMA is always a read) and 
during the second half for a processor read or 
write. Each RAM access requires the sequen
tial application of the low and high order 
address bits through B2 and AID. The low 
order addresses are strobed by RAS and the 
high order by CAS; if the processor requests 
a write, WRITE will be low during the second 
RAS - CAS cycle. Refer to the Timing 
Generator in Figure 4.7. Data from the RAMs 
dri ve the data bus through H7. The DMA 
channel provides the memory refresh. 

Memory block decoder NS divides the 
6SK word address space into eight segments 
shown in Table 4.S. NS outputs are acti ve 
only when VMA and DMA (L3-7) are true. 

1. Front Panel Interface. RP (N7-6) 
se lects reads of the front panel 
switches. WP (N7-4) selects writes 
to the front panel LEOs. 

2. Input PCB Interface. RI (N8-6) 
selects reads of the Input PCB status 
and data. WI CN8-8) selects writes 
to the input PCB. 

3. Tape Unit Interface. Refer to 
Appendix (X) for functions of specif
ic Tape Unit signals. 

See Table 4.6 for tape unit control sig
nals. 

4. Read Bus Enable T. (Ll-6) enables 
the output of data from the Tape 
unit to the data bus (DO through 07). 
Ll-12 puts tape unit status informa= 
tion on the bus via Ml. 

S. DMA Counters. The display unit 
accesses RAM every 8 us through 
the DMA channel. The word to be 
accessed is determined by either one 
of two counters, 8-bit counter ES, 
E6 for control bytes and display 
characters or the 12-bit counter E8, 
EI0, E9, for trace information. The 
8-b it counter is reset at the start 
of each display cycle by LARID and 



F Table 4.5 

Address 

Output A15 A14 A13 VMA DMA 

0 0 0 0 1 1 RAM 0 to 8K 

1 0 0 1 1 1 RAM 8K to 16K 

2 0 1 0 1 1 Front Panel Switches and 
Lights 

3 0 1 1 1 1 Input Board Control and Data 

4 1 0 0 1 1 ROM 0 to 8K 

5 1 0 1 1 1 ROM 8K to 16K 

6 1 1 0 1 1 Tape Unit 

7 1 1 1 1 1 ROM - Restart Vector for pPI 

Table 4.6 Tape Unit Control Signals 

Nl Output A2 Al AO Signal Function 

0 0 0 0 LD W BUF T Load Write Buffer 

1 0 0 1 RES T Reset Tape Unit 

2 0 1 0 RUN T Run Tape 

3 0 1 1 STOP T Stop Tape 

I 
4 1 0 0 Set Read Latch 

I 
5 1 0 1 Reset Read Latch 

L 6 1 1 0 Set Forward Latch 

7 1 1 1 Reset Forward Latch 
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is incremented as required when 
ET ARID and MP are high. The lower 
8 bits of the 12-bit counter (E8, EI0) 
are preset from the data bus by 
LAR2AO. The 12-bit counter incre
ments as required when EPAR20 and 
ET AR20 are high. MO(J2-22) selects 
whether the 8 or 12 bit counter is 
connected to the address bus during a 
OMA cycle. 

4.3.5 Power Supply 

The Power Supply supplies seven 
voltages and two control signals to the OTO 
circuits. The seven voltages and current 
ratings are: 

Voltage Current 

+5 V + 0.25 V at 8 A 
-2 V + 0.08 V at 0.7 A 
-5.2 V+ 0.2 V at 2.3 A 

+15 V + 0.6 V at 0.2 A - (Tape) at 1 A pulse +15 V 
+12 V + 0.5 V at 0.4 A 

- 0.6 V at 0.2 A -15 V + -

Refer to the schematic in Section VIII. 
Power to the OTO is supplied by conven
tional utility service and may be 100 to 240 
V and 50 or 60 Hz. The input power module 
is used to connect the appropriate primary 
winding of Tl via an integral printed circuit 
board, protect the OTO from dam~ge by. a 
replaceable fuse, and reject power lIne no~se 
with the integral filter. Proper fan voltage 
is also selected by the input module. The 
secondaries of Tl are recti fied by CRl, 3, 
4, 5, and 6 to provide the following approx
imate voltages: 

Voltage Filter Capicitor 

+9 V Cl 

-10 V C2 

+20 V C3 

-20 V C9 

The filter capacitors reduce the ripple 
to the regulators. Six regulators are used to 
produce the seven output voltages. All but 
the +5 V regulator are three-terminal integra
ted circuit devices that set the output voltage 
to the required value and limit their output 
current to prevent their destruction and pro
tect the load. 

The +5 V regulator conducts current to 
the load through Ql. The output voltage is 
compared to the -5.2 V output by resistors R6 
and Rll and operational amplifier Ul-l. If 
the output voltage is too low, Ul-l output 
goes positive increasing the current in Q2 and 
Ql until the output is high enough. In the 
event that excessi ve current is required by the 
load, sufficient voltage is dropped across 
resistor R3 to cause Ul-7 to go posi ti ve, 
forward biasing CR2. Current through CR2 
increases the voltage at Ul-2 so that Ul-l 
decreases the current in Q2 and Ql. The 
current limit is set to "fold back" so that less 
current is supplied into a short circuit than 
+5 V. 

To prevent the OTO from being used 
with faulty power supplies, the circuitry asso
ciated with U2 holds the power on preset line 
(POP) low whenever the +12 V, +5 V, -2 V, 
or -5.2 V supply is unusually low. Each voltage 
is compared to the voltage of the 5.1 V zener 
CR9. If one of the voltages is low the 
corresponding output of U2 will forward bias 
the diode (eRI0, 11, 12 or 13) and turn on 
QI0. 

It is possible for current to flow through 
the read/write head in the tape drive if the 
+5 V supply goes low before the +15 V to the 
tape unit. To prevent this, the +5 V supply 
is compared to the voltage of 5.1 V zener 
diode CR7. If the +5 V supply goes low, Q8 
will turn on, which in turn turns on Q9. The 
collector of Q9 is connected into the Tape 
dri ve electronics to disable the write circuitry. 
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SECTION V 

CAUBRA nON PROCEDURES 

5.1 Recalibration of Internal Circuits 

The following calibration procedures 
are intended to be used in recalibrating the 
internal circuits of the Model DTO-1. The 
entire circuitry was calibrated before ship
ment and should not require any recali
bration for at least six months or 1000 hours 
of operation. Refer to the schematics and 
assembly drawings in Section VII for 
additional help in locating devices re
ferenced in this procedure. The display used 
in the DTO-l is a Biomation Model 350. If 
failure of display occurs, refer to the Model 
350 Operating and Service Manual (consult 
factory if no manual is supplied). 

The Model 350 has two versions: -10 
(standard) and -20 (DTO). Use -20 for DTO-l 
references. To calibrate the Model 350,a 
signal input adapter is needed to route X, 
Y, Z in. 

5.2 Required Test Equipment 

The following test equipment are re
quired to calibrate the DTO-1. 

1. 250 MHz Oscillator (Tektronix 475). 

2. Digital Voltage Meter (Dana 4200). 

3. DTO-l Data Probe or Biomation XI0 
Probe. 

4. 3M DCD-l Alignment kit (contact 
factory).* 

(a) Speed calibration cartridge. 

5.3 Power Supply Verification 

Before recalibrating any circuit in the 
DTO-l, it is necessary to check power supplies. 
Remove the bottom cover of the DTO-l, and 
stand the unit up on its rear feet. Turn power 
to on; unit should come up in TRIM mode. 
On the Mother Board, check the voltages with 
a DVM. Connect (-) lead of DVM to the 
chassis. See Figure 5.1 and refer to Table 
5.1. 

Table 5.1 

A. Tape Drive 
(Edge of Tape Boards) 

Pins (J6 - Toe) (J6 - Bottom) 

1 
2 
3 
4 
5 

Jl-16 
Jl-22 
Jl-IS 
Jl-25 
JI-CC 
Jl-5 

+15 V N/C 
GND GND 
+5 V +5 V 
GND GND 
+15 V N/C 

B. Input Board 
(Edge Connector) 

Voltage Range 

-1.92 to -2.0S V 
-5.0 to -5.4 V 
4.75 to 5.25 V 
14.4 to 15.6 V 
-14.4 to -15.6 V 
9.9 to 10.1 V 

C" Filter Capacitor 

(b) Azimuth Alignment cartridge. 13.5 to 15.6 V 

*NOTE: Usage of the cartridges should 
be limited to total replace
ment of a Tape Dri ve System. 
Tape drive boards (3M) are 
calibrated with a specific tape 
head by serial numbers. See 
Tape Adjustment section. 
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5.4 Display Adjustment 

Put display board on extender with power 
off. Turn power to on. Enter SCOPE mode. 
Connect probe to trim point and press ARM. 
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A squarewave trace should appear on the 
screen. 

Use Trace Rotation (on side of 350, 
inside DTO-l) to level trace on display. 
Using DTO-l Horizontal and Vertical 
controls, set display "5" and trace to touch 
left graticule line (See Figure 5.2). 

5001 

Figure 5.2 

Use R3 (Display Board) to adjust trace 
to just touch right graticule line (see Figure 
5.3). 

+1.4 

Figure 5.3 

Use R49 to set the four of the +1.4 
V Trigger Threshold to touch the right grati
cule as in Figure 5.3. 

Using Sweep Arm Single and Data Posi
tion 100 (to scroll data up), obtain eight 
traces of the trim signal (5001 through 5008). 
Using DTO-l vertical control, set 5001 on 
the second horizontal graticule line from the 
top, and at top of squarewave trace set 5001 
to touch first horizontal graticule line. 

Use R2 to set 5008 on the bottom line 
of display. 

Press ANALOG and set the analog 
voltage scale to 0.5 V /DIV with +3 V at the 
top of the display area (see Figure 5.4). 
Change SEC/DIV to 5 m, and shoot trace 
of calibration signal. Use DTO-l Horizontal 
control to line the left side of the raster 
with graticule line. 

Use R53 to adjust the right side of 
the raster to touch right graticule line. 
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Use Rl to adjUst raster so that it is 
evenly spaced between the second and sixth 
horizontal graticule lines (see Figure 5.4). 

5007 

5008 
+1.4 5m 0.0 +1.4 

Figure 5.4 

ANALOG 
DISPLAY 
AREA 

Turn off DTO, and replace the display 
board. 

5.5 100 Mc Oscillator Adjustment 

Connect oscilloscope to CALIBRATION 
TEST POINT. The signal should be 1 + 0.5 
kHz. Adjust C41 on the Input Board to obtain 
the proper frequency. Turn power off then 
on, and verify a 1 kHz waveform. 

5.6 T ape Drive Azimuth Alignment 

Refer to DCD-l Data Cartridge Drive 
Instruction Manual sections 3-1-2-4 and 3-2-12 
for complete details on alignment. The align
ment normally does not need to be changed 
except if a new or replacement assembly is 
used. 

SPECIAL 
NOTE: To properly use a DTO-l tape 

in any machine, it should be 
rewound at least once before 
using (TRANSCRIBE mode). 

Head Alignment (Azimuth) can 
cure READ, INDEX, and WRITE 
errors between two different 
DTOs if the tape can be read 
on the DTO. After alignment 
is obtained, a spot of "goop" or 
screw locking liquid should be 
used. 



SECTION VI 

MAINTENANCE 

6.1 Introduction 

This section covers the DTO-1 self
diagnosis routine within the instrument. The 
diagnostic routine checks the microprocessor 
ROM and RAMs using a CRC checking 
method. Repair of other boards (Display 
and Input) can be performed with the aid 
of the technical description or additional 
information from the factory. 

Drawings in Section VII have been in
cluded to aid service personnel who wish to 
troubleshoot to the component level. 
Additional assistance in a particular problem 
can be obtained by contacting the Customer 
Service Department at the factory: Phone 
(408) 988-6800, TWX 910-338-0509. 

In summary, there are two methods of 
service available: 

1. Return the entire unit to the factory or 
service center for repair. 

2. Troubleshoot the problem to the com
ponent level with the aid of the Tech
nical Description and schematics or with 
the aid of factory personnel. 

6.2 Diagnostic Routine and Indications 

Place the DTO-1 on a bench with the 
display facing the user. Power up the DTO-1 
and note that the TRIM mode is displayed. 
The LEOs on the front panel will be as 
follows: 

nl\cc r r\,J,J 

FAIL 
J 

'-

Key Front Panel Lights 

Diagnostic ROM RAM 
Check Error Error 

v V /, ~ 

X X 
X X 

X 

(0) INTERNAL X 
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Diagnostic 
Check 

(1) INT AUTO 
(2) AUTO 
(3) EXT AUTO 
(4) EXTERNAL 

(0) TRIM X 
(5) AUTOSCOPE 

MIXED 
SCOPE 
PROGRAM 
TRANSCRIBE 

ROM 
Error 

RAM 
Error 

NOTE: See coding for error 
detection in ROM and 
RAM. 

Coding for error detection: 

Note the numbers to the left of the 
Trigger Source and Mode LEOs. When 
ROM or RAM failure occurs, add the 
values of these LEDs together to deter
mine the location of the fault (see Figure 
6.1). 

765432 1 ~ 

,,00000009 110 
------y 1 CJ 

ROM 0 
RAM 

Figure 6.1 Control Board 

CJ 
o 
CJ 
CJ 
o 

TI...._ ...J: _____ .. : ___ .... : _____ 1.... ___ l1_...J •• _ 
I IIC UldyIIU~Lll,; l-UULlIIC l,;ClII uc l,;ClUt:::U up 

(performed) any time. When the DTO-l is 
powered up or when MODE is in any operation 
other than TRIM, then return it to TRIM. 

I 



SECTION VII 

SCHEMA TICS AND ASSEMBLY DRAWINGS 

7.1 Introduction 

This section contains the schematics and assembly drawings for the Model DTO-I. 
Parts lists are also included. 

7.2 List of Drawings 

Figure 

7.1 Top Assembly 59 

7.2 Front Panel Assembly Drawings 60 

7.3 Front Panel Switch Assembly 62 

7.4 Front Panel Logic Assembly 63 

7.5 Front Panel Switch and Lamp Schematic 64 

7.6 Mother Board Assembly 65 

7.7 Mother Board Schematic 66 

7.8 Input Board Assembly 67 

7.9 Input Board Schematic Drawings 68 

7.10 Control Board Assembly 70 

7.11 Control Board Schematic Drawings 71 

7.12 Display Board Assembly 73 

7.13 Display Board Schematic 74 

7.14 Capacitor Assembly 75 

7.15 Rear Panel Assembly 76 

7.16 AC Wiring from Rear Panel CAC Corcom) 77 

7.17 Cable Assembly 350 Power 78 

7.18 Cable Assembly Tape Power 79 

7.19 Power Supply Assembly 80 

7.20 Power Supply Schematic 81 
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7.3 Parts Lists 

The materials in the following lists are subject to change without Gould Inc.'s 
prior notification. For list verification, contact the Customer Service Department at 
the factory: Phone (408) 988-6800, TWX (910) 338-0509. 

7.3.1 List of Parts Lists 

Page 

Top Assembly 82 

Front Panel Assembly 84 

Input Board Assembly 85 

Control Board Assembly 88 

Display Board Assembly 90 

Front Panel Subassembly 92 

Power Supply 94 
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Figure 7.8 Input Board Assembly 
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WIRE LIST - 10 WIRE LIST - 20 

FROM TO COLOR AWG FROM 

El CRl-- WHT/RED 14 El 
E2 CRl ........ WHTiRED 14 E2 
E3 Cl-(-) BLK 14 E3 
Cl-(-) C2-(+) BLK 14 ~l-(-) 

CRl-( +1 Cl-(+) ORN 18 CRl-(+) 
Cl-(+) .11-1 ORN 18 Cl-(+) 
CRl-( -)- C2-(-) ORN 18 CRl-(-) 
C2-(- JI-2 ORN 18 CZ-(-) 
C2-(+) JI-3 RED/VEL 18 C2-(+) 

JI-4 GRN 18 

4" -I 
I 

~(NEW VERSION 
~- -20 PS) 

L~"J 

TO 

CRI-' 
CRl-..J 
Cl-(-) 
r2 -(+) 
Cl-(+) 
JI-3 
C2-(-) 
JI-6 
Jl-1 

(OLD VERSION 

~ -10 PS) 

tv\A.LE. CO~'IJE.C.TOK. 

COLOR AWG 

WHT/RED 14 
WHTLRED 14 
BLK 14 
BLK 14 
ORN 18 
ORN 18 
ORN 18 
ORN 18 
RED/YEL 18 
GRN 18 

8-32 KE'Pl'JUi 

IJI/F -STA~l)'A=1=" 
,ooo-C:Dlo 

C3-(+) C3-(+) 
I 

1..::1 C:::..:::3~-(~-)~_...L-__ J~I:...:-5:::"--'_L--__ ..!::::B:!:;.L~U __ ---=1=8--,1 i C3-( -) 
NOTE: 

1 ___ JJ:_~_ 1 
JI-5 BLU 18 

CD APPLY THERMAL COMPOUND BETWEEN DIODE BRIDGE & BRACKET. 

GJ SOLDER (3) WIRES TO 118 GND LUGS, TO BE A TT ACHED LATER TO XFMER, 

LENGTH OF WIRES - 51. 

Figure 7.14 Capacitor Assembly 
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---------------- ------~ -:------- - -- -------
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Figure 7.15 Rear Panel Assembly 
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Figure 7.16 AC Wiring from Rear Panel (AC Corcom) 
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i 
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j \-J ~~ 
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, 
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BL~ ,.)£) /~ \A! ("1 

Figure 7.17 Cable Assembly 350 Power 

-78-

JlA 



rTZOV\ 

J 1~1 
'2 

3-
<l 
S 
c.. 
7 

J1.-8 

~ 
JG.-I 

j 1-'<-

j \- <+ 

j\-~ 
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.H .. -1. 

.. '1<.-4-
J~-'=' 

/ 

LJ-SC IJ\OLC')( cow~ec:."'"COQ.;l: 'l;Z-OI-'2.DSI 
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Figure 7.18 Cable Assembly Tape Power 
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Figure 7.19 Power Supply Assembly 
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I ~Jl: -~ T 
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PO'NER S~\1(\-\ 1\ 6RJJ-J..J ~ 25\1 G.NO \ rt\..I "t ...... -...... 2200,. 

t\3 + 
\~p.f =';:: 
20'/ 

(R~ 21 ,13 
~ E~ L~~~--~-~--~--~I~~I~~r~OO-l------~~---~+-R-~--~+~-C-R-8-)-\~-4-\5-~~~j~b -~V~.~A 
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Figure 7.20 Power Supply Schematic 
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Top Assembly 

ITEM 
QUANTITY PER ASSEMBLY 

PART NUMBER PART NAME REF. DESIGNATION VENDOR NO. DESCRIPTION TYPE 
-60 -50 -40 -30 -20 -10 

i I \ O:C ~-OOO\ -1.0 eel ,,-/,.1 

Z 
::I 

I 
I : I 0111-0641 '::::lZi ~t:.1- ?,oT 

4 c-i G.. IUCD~?/2Co-OS ~C.QEu,)- .,.~Pll1:E i~t2.lJ f2.EC.(. ~TluL. il'c.... '/... "SIlt..", Pi..! 
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(I "") 7 -- -sc...~·w (, - 3Z 'I- 'S/'~ ~~ 

12- I \ I O\II-OOQ~ FecL\< PWl Ass'1 LJ.A 

I:; I :4 4 -- -sc.l::.ew <0-~2 ~ \(z.. 1" ~ 

(4! I I td' 10" 7ZDO-OO"Z..::l 6~DMMe-r KkHW "SRS,-;;,-I 
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lSI 
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-

zc i 
\ otll- 00 1'1"-\0 ~01\..lE(. I'!,o ~?'t L/M i-

Zl i I 
I i B I ,8 ---- '!>C/ZEkJ 1Ueu ""oTUE(' ~o "It" 'I. t/4 ?I-I 

22 I I 1 \ : Oil l-004"Z. [(\.;(.\) f2.4<""Ii:>.lut:tL I I 

2.-:1 i 

~I ! ; 

! \ I oill-OO""2.(..... ieAl-IS, R5rZ1-, E.-I.. 

24' I i <1 4- ------- ""c::-.eE"<A.> TUIlL> '/.1=-,,-,\-.2' ~8 y. lJ4, P\4 
i -----'---

Z5! 
I 

I 01 \1- OOCe> S R:>w~-L <;;,PL'j ,.", .. '1 LIM 1 I -I 

2~ 
I 

5 4 Tu.e\.) '.'ti(>('u1 A~')'"\ 
"it" ~ 1/4 --- ~c.-.e.ev.....:> PI-l 

27 I t:!r) g ~P(~ 1. §jPi?O~ ~~I H~ '6. '/4 t=l4 I -- ------ ~c.>e.l'£."_' TI+QU \'=i£olJ'l (jy,tl 

2e-! ~ f.o 'SC.Vl..EL.0 TUre.v eec.~ ~"Tllj _ ~ cRTX:fJ6£ ioI. '- 'f 51th PI{ 
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=50' [ 
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-n-t"R ~ CA-lo'"tl b-:SZi' \/4- 1> #--- K£iAllltt 

1 7 <::::;: 
: "L41 Z-4 I 

r 
'lH-r'.A-fC"e: : 

1 

oJ - - iU-L1( I i ~&. 
~! ZD '20 -- ;::LA-r I(\jA~J..\ce ~ 

-82-



Continued Top Assembly 

PART NUMBER PART NAME REF. DESIGNATION VENDOR NO. DESCRIPTION TYPE 

O\\i -0044- ! ~ loe Q.A.\L~ i 
Ie B 16)OO-o~Z8-IO ~c.Yi: EW -CA.",,-re. -r~~u CA." <lU '" I 

*l:8'1. Sis PI-! ll.l"to \"2l:>\I,.~ I 
I f I '2 ---- ~c:.I'Z.El,...;I Il.IiQ ,..(l,\JC(.~ I '/4 -20 'f t:;/S Pl-l 

!a , 4 IOOO-O~~\ ';,c-te-I...l 
?"'-'<.kT~() 

A":> "'1o~.s ;:01(. u~IlOI.e 1t LO."" 'I- 'S/I '" ec..O -:.<.~"I..) 

I Olil-OLOO 'CABu:: 
I 2c... <..0-.)0 1-/100 I 

! ! 011\-0\01 CA.~lE \../100 I So co'-lQ 

0 111 - 0107. CA..B, LE ~~"::>'i 
; 

i 
01 " - CJ.,J09 , BAIL. ASJY LIM 

I I 

Q 4-

la 4-

I 0\\\- COlO -1M 
I Lifvl 

\ 0\\\- oOC::>O 

.... IM 
A/r(.. AI ~ 0\\\- otOO 

1_~~I~~~(lO -,_O+ __ . __ G. __ o __ '-__ E. __ Q. __ t--. _____ . ____ -+ __ ----+-----------+---.-----1 

1- , 0/11 -0040-10 (ova 
f---+---r--------+---+I---;--- I ---t-- ----.-.------+---------+-------+--------t-----t 

I
e:? 1'2 j' I '~I-\. c::.o~E\: < o t;;i' i .::.. J Eu......- ~-l 

I , 
f---+-+_--;-----+----_+_---+--_+--.-----.--l----., .----------+------------l------+--------+-----f 

,i 1-10('; Co L \ \,.) 0 \-.l. I , " ' . • _. ,_ _ , 

1--~--+------+__·----+---18 i ~- ~:;~6::~-1 ~~~~~~~ -l ::~u ~;::'~~~I~~~~-L-~t--~'~~~~~-~---l-
f-------.--f-----r - - + -----;-----+-----.- t --- - -- - .,--- 1- -- - - ---- ------r---------.----t--------- I 

i-a i ~~TZ:~' 1 e' ~\E'T! I "'(.. 'I 'S/8 'Pt-\ I --+--+-_-+ ____ -- ---f- -+------------+------ --------------t ______ I 

, i : 4 ~--------l ~t~2 __________ J~--~~~~-----L-- l:l c:. I 
Ii! . 

i ---------+------------1I-----------+-------r------ --------+-----1 
I 7 . - -- ICP':('· """,--<"Av_ --C,i.: ,J' 

~_+--+_--~--~--_+_--_+_--_+-------------~I--------·----~--------------+----------~·-,----------+------f 
L4-~C-LC:::: ,.::M AClick cr::~ - XLf'J.. . V f\{ll! 

r--+--+---+---+---+----+----+---t-+_--------"---==:=======:I==-~---t ~~ 
~1_~~~_+---+--+---~-----------_+----------~~:~~---~~I-------+I-----------+I--~I 

-:-ICC -Goy;. I'~"""t.._ <oc'<-'u ~ I '06h\:it:~ ~1-\8".:> '1 ~ 
----1f------------1

I

i--.<,. ' \'E'.: __ ~ __ ~_~- ::.::...,.4 " -~-·"-'--'-"'-·-----_t_I-_;_-.-_,------.--t-----l 

. ..(..." ...... 1...Jt,,-,', -- __ ."' 
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Front Panel Assembly 

ITEM 
QUANTITY PER ASS EMBLY 

PART NUMBER PART NAME REF. DESIGNATION VENDOR NO. DESCRIPTION TYPE 
-~ -:>l -4 -3C 20 10 

I \ O\\'-oo~4 ~E~EL 

L I .0 111- OCO'+- Fi2.0U-,\ 'Pw,L. rw' AS5Y iUM. 
-3 I I ! QIII-OOt::::.1 i F!ZoI.jT P/Jl-IjPPe-vz. 

4- 1 O\II-OO~O WJiTQ.l. ?c..~l) L.JM 

5 I I I ~11i-008S La G-\c. Pc.?>'t) L..1tJ\ 
(,; 

"7 \0 -' -K'EP~U-r -#-f.::, 
--

S I i 

q 
I 

10 I 
I 

l( i i -z. ICOO-OLS~ f;,PACEiC. c::;-~'Z '(. ~/I&> 

1"2. a 1000 -O~\ -SPACEr-..:,. '-~2 'A 1/8 
I~ ! 4 '"'IOOO-OD I~ UA-':.UtvL- -I\..lSo~1'\J..t. *''''' 
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PC Assembly, Input Board 

PART NUMBER PART NAME REF. DESIGNATION VENDOR NO. DESCRIPTION TYPE 

I I Oll/-OO(P'Z P,C,BoAE:C 

3 j~ fa 7 3000 -750Co IR~5 ·Go7,711~7-~'1Z 7?A.. 
~~_4--~--4---+--4--_4-----------+--~------~~93.~,~~-~,9~~~111~Zj~jl~~-~/ZOnb~----~--~----~-r-+--~ 

12'Z-/27,12~-t4Z,14"" 1'jO 

~4 __ 1~4-__ ~~ __ -r __ ~i __ ~ __________ -+ __ ~ ______ -+~2~~b"~'I~,~~4+~~219~Z~--~------~--b_b_~ 
5 , 30oo-2oc::>o R73 

~ , :;000- 3G,OO R\\~, 

7 2 3000-4700 K39,11'7 
1---+-~--+--4--~__+----+-"." .... ------+----+-------+----=---:-,...,....,.c:-=~_+_-------b_----~_+__+-__i 

8 
0'\ K'~e,I44,ISI,I74o 0 

~~_4-~--~--+_~---/~~-OO--O---I~----+_--~----~IB~I~2~IO.~~\4\\~~7~\~~I__------_+_/-o-~----_+_--~+_~ 
~ I 3000 -~zoo R' 75 

! 2c :::tOOQ-IOOI /?1-4)R'17-34 
I-'/_O~_4--~--~--+-~_ / ./ 18~ 187, 188 

17 3cx:>o-"OOI R<',7, 9:" 1&:i,\(,,7- 17° 
II '" 1'}9 ZOZ, zo~ 
It. 4 .3000 -2.40 I I R84,85,/f~/94 

/3 5 3000 -3?0 I K'35. 37,40,4?, 44 
~~_4--~--4-~+-_4~~---------+-~------~~ ~~O 

/4 "3 5000-5100 14?, /7~ 
15 5 ;;000-5101 R~,38.41,43,4&j 

IC, I ~ooo -5~0 I RBI 

/7 I 300o-~ZOI 

18 

31 I I !! 3 4000-0050 I ,(1,34 1 \\8 

32 i i 

/OOO.fl.. 

20004 

2400Jl. i 

5/0.a.. 

5100.1L 

5C:.OO.t l.. I 

~31 .3 42oo'~ C. 13. 1C?,27 .01 )J.F,Ioi',Z501/ 
I---+---+--+---+--+---t--·-· .... --------~--+---"- -_4-------~r__-----+------:........:..........::---+____I 
34! I I 4 4000 -0005 C.,4,2rA 21b, 30 .01 i.Ji= ,lOa v 

~3-'-I,~~~~~I--r-~\-17-~-4-3-0-0---0-0-2-~-+-C-A-?~~~C--~-O-R-~ Cgl~~"~1 4~~/~~,~v 

+ / 110(-108, ,~2=-~L;./..:.!Z8~~----_~r--:-Y"--- ___ / __ Ol ___ +_~ 
t-3-~-+·-+----+--~1f---+-- I /" 4~oo- OO?I CAR !}A0I.cl.= C41 5-16 PI=' 
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Continued PC Assembly, Input Board 

ITEM 
QUANTITY PER ASSEMBLY 

PART NUMBER PART NAME REF. DESIGNATION VENDOR NO. DESCRIPTION TYPE 
-6C -5C -40 -3 20 -10 

37 1 2100-CX:>la IND~C.IO~ U . I""" H 
>5 4 1000-0017 OIODE c..~I,ZI~/4 1~4S8A 

3~ ! I 5100- 0004 C.R,(~TAL y, 100 Ml-le 

40 : , (Pooo - O/~7 C.ONNEc..TDe 
MC:>~% 

22- 07- 051 WA F"E.R., 5 PI '" 

41 I .- ----

42 
- . 

t/(1-S,/(,,''''IB,19, 43 15 1400-0001 TR' A. N"S1 5lOt< 
"'20 ZI ""2.4 

I 2N2~07 

/4 :3 ,50o-oav~ ,K'AN"::::>ISioe O~/14,IO ZN5~'7. 

47 I '2. ;;'000 - 0/34 JADe ,"S \' c.o~'lC 7oozC)q 50.A... 

4~ 
.-

E~t:c.n~oL. 

47 - Z 2. «Do-CX:>Q I ""RE ,-AY KA, ke 1?A 3-J3R-;O:SI - -,. 

48[ I 

49 I 1800-0193 
I N I E Cot-I<'A:n: 0 I 3J 74l~I"3~ c:: I'"RC. L.l/T 

50 I :5 /800-0190 l r9Ii/~L,'~J, J H, IIH 74 LS \74 

51 7 180:;-0118 ~ F, ., ri '(,~J t.J, {, k. 74 LS~O 

5Z 2 /800-0C>~a, 3b,3c 74 ~\I'2 

5; 8 1800-0102 \NT~~A.iaO /A,"Z.A,.IIC,-z.C., 
~3S1(P _._C::'1C'c::.iJIT_ 1~~~I~I-\,ZH 

54 2 1000 -0002 ~IODE. c.~~ J S IN41'j2 

55 4 1800-0240 
\N~~~A\'a1::> 3A,S\-iA ~,9K SJ60.J~TlCS 

I 'J4LS-2.44 C::::IRC.~\T 

5~ 3 1850- Oooq 5A,8E,8F rAO"'-Og.CX-A N.c...t~z.L-

57 I I /850-0037 7E 10101 

58i 3 18'50- 0002 (bE,7 k ,5f: I 10102 

5'1 3 /850-002'7 68, 5G, 7F 10/0(0 

W i I 18'5;0-0003 4D 1010'7 I 

hI ( /850-0021 SF I 
10124 

~2 I 3 /850-00/4 1 P.,4C.4 J i 10 125 
~3 1 1850-000(0 2D /0/3/ 

(t,4 3 1850-0041 711,SL,8K 10/58 

~'7 3 1850-0042 02. J 7DJ BJ 101(P4-

~ I IS 2.0-.00Z2 100 40/'-
(P7 4 /850-0055 3E,4:)~{:,4;: /OO/~ 

~S 1 IC)OO-{JOO 8 11 F 
A/lN!LOG, 

AD5~2KD DEIlIC~ 

~'} 4 1850-0001 8A,b.C.D AM085 

70 4 1700-0071 i 'IDAJ3,C, // ~ IVArl"N~1-

LF 351v SEMI 

71 4 /600-0/27 18, IF. 2tJ) 'Z F 27LSoI F 

7Z / 1700 -0:)"3 '~~~~~EO IOE 
p.t' ~ (; IS /0111 

t1'/OItlO(,7..,.ICS REt=' 01 
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Continued PC Assembly, Input Board 

ITEM 
QUANTITY PER AS~ EMBLY PART NUMBER PART NAME REF. DESIGNATION VENDOR NO. DESCRIPTION TYPE 

--0( -50 -40 -30 20 1 -

73 3 4000-001?, ~.A,~,-,:" \ "TOIi:! CI':, 1/41 ,. 15 .001 :jF,5001/ 

74 'Z 410u-cy:::,c3 ' c:to..PA.C IToR CII<))120 I Pl= 

7"5 i 4 ~3c:.o-oe2.~ CA..PA.c. I"O~ ,_I ~:.IO>,;~7,:21 ISU~, '201/ 

7fo 2; 18so-001~ 1: c., 50, trJ8, 60 I C>"2-~\ 

77 3 300"- 470Z 1?E~I"5TOR RZOI, 7. jA, 207 4 .' /..' "'::-.J l 71'.. i /~ N: __ ,.:0 

78 i I '2 ,?ooo- ~IO'Z. ~~\4$\"OIC. R:z"8 \ 2o~ ~1K.\ i4~, 5}~ 
-L~_ 

7~ I ,3/00-100 I ~'S \ -;;. T<::ll< ~70 j;JtJv, V. rio 
80 I 

i --i 
! 2 I 85t) - (;t)o8 l:C, ~'D,0A I{.,,(.e;; I 

81 i 1 I I 17~-tJ051 VOLrA4c 022 780'7 jI('~~ 

q? [ I / //00-005 2 vOLT,44E 
Q25 790'5 i ""'Edt ' 

831 ! 

84 'l 7000 - 0 \<C, ~ cl\~ l!J9:,. To rz. 
6'S f 

; 

i 
i 
i 
! 

! I 
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ITEM f----",60,...,..--::Q~5~;..:,.AN.:...;.;T~":-;T~"P+ER...;..,-3~AlS'-'rSE;;.;..,M2~~L:...,Y r---;l~O --i 

/ 

c? 

\ 

(3 
/ 

Control Board 

PART NUMBER PART NAME 

.3 -z. c? /400 - ceo / T.RAH S' IS' TO R 

4- I z ,2' /3CO-OOO3 TRANSISTOR 

I I /NTE4RI'9TEO 51 I .3 I 3 18CO-o107 CIRCt../IT 
~~-+--4---~~--~ 

REF. DESIGNATION VENDOR NO. DESCRIPTION TYPE 

0 2 , Q<:f. ciV.3646 

£3; N~L..4 74LS 04-

6 ; i ' 4 4 18co- 0 105 ;t8) N~J 74L.S 00 
~?~7 ____ +-______ ~ ____________ ~~ 

7 I 

I ~ ~~~~~ 8 , I - L.J /8co- 02'30 K4 L? Me MK4027P-4 
----~----~----~~~~~---+--------+-----------~~~ 

9 ! 3 .3 /8CXJ- 0039 H~ t.~ L3 
~~-+--+---~~--~ +-----;-----~----~----~--------~----------~--~ 

10
1 

j "3 3 /800-0/9-3 

! ~ 6 /8co- 0/ c?5 

I I / /8co- 0/99 /'16 74L513c 
, 

I 1'2. 12.. 180 0 -0240 

/51 I A L4 /800 - co3/ 

J7 ' I I / /8CO- 020/ 
~~-+--+---~~--~ 

18 I 

.2' 

2'3: ! '2. ? 41cx::J - 0024 C 15) 16 68N 
~~-+--+---~~--~-

.<i'5 

• I 24; I (.., ~ 43CO- oa?S (7/9p,qCITOR ~~ ~%;; !?.5'7 47AAf') 6\/ 
~~~--~--------r---~------~--~ 

25[ ! I I I ~ 3co-oc>"'2.~ c.A. ?A,C\\'O e C~e Isof I "'2.OV 
~~~--~------r--+- -----~------~----~------~--~ 

26 I I I I I Boo -0092. I.e.· j.J II I 7~ ~OA 
~~,--~~----~--~. I 
27 • 

2'8! : \ I 16/00-C072 

Z9 ' I B 8 IGloO -oo4'=:. 
~~~--4---~-4--~-

30, S ..5 .13GCC> - looC 
I--.~! -,---1!"-~il---+-'/-+' -? ! . .., .. "?_ J 

,:51 j ... c:.,~ -"'0/- lUI 

a3i I I 1. I 2 3::Zo -/00/ 

,34i 

35i 1 
36 

RESISTOR 

-88-

ell.t)4.;I)~B~1 
'£A,L",,"",,-

f?3",10/2/.E) 15 fOI,C tJ,.w) 5% 

.R to / I 4~ 7~) ;j4t.U) 570 



Continued Control Board 

ITEM 
QUANTITY PER ASSEMBLY 

PART NUMBER PART NAME REF. DESIGNATION VENDOR NO. DESCRIPTION TYPE 
·-60 -50 -40 -30 -20 10 

37 I i I OIII-002~·-IO M~I(E.D eo....., A9 

35 ! 1 I i I -II j AB 
I i I [ 

I I~ 1 39 I I -12 

40 I I -13 At.:, 

Lli . \ 
I 

I -IA AS 

42 I 1 -II? A4 
--'--

43 I I I -I~ A3 

dt.1: 
I -- -t·-

I I 01 ! : -cx:y;;!?- II /'v\A~v_SD :<-'O~A ArL t ! 

d?i 

! 
-

I I 

j I 

! 

i I 
i t 

I -.. i--
! I I ! 

I I I I I I I I I I 
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Display Board Assembly 

ITEM 
QUANTITY PER AS~ EMBLY 

PART NUMBER PART NAME REF. DESIGNATION VENDOR NO. TYPE 
-6( -50 -40 -3U -20 -10 DESCRIPTION 

I 1 0\ \ \ - OcR'2. ?WB 

z ~ 1800- 010C5 -re... I ~;-~ e.,rC ~q 5D, 
74 LSCO '5~4c..4-~ 

3 &> -0101 
( D I :z:t3") 2.-04, :::'C) 74lS04 I 41=,t;l4 

4 ! I q - () \ \0 bc.,S8,2.B,U .. ) 174LSIO 
;l£, 4E. ~ ?G,1gl 

5 I =3 -0\1\ 'Zc j 4i>, '?F ""74LSZO I 

f.o I -oz40 5J !"74L '5'2<4.4 
I 

4 1800-00"8 I Co l 2.E I "2.F) '31= 174LSIIZ "7 i 

8 I I 0\\ 1- COZ4 \e::. i 6'Z.C;1~7 
g L \600 -Ol~? ~H-, ~F3 "74LS 1=38 
10 I I -(JISt \F 14l~ lSI 

II I I I I 

74 L~ 273 1 I I - 0231 \1-\ i 

12: J3 - 01'2.17 
Ic,1 ~J ZI::',~G.,~K)~,<K 
?I' ("'D ",E bFI.oGi4B i4L'S\"1 

13 I 2- IBq>O-O\QO IoB
J
IF 74L'S \/4 

14 Z 1 5'2.0 - OOZz.. B\)! qD 4olCo 

IS z.... IC1oo- 0006 iJ ,-'~ 1408l-& 

110 Z \ ,00 - c:xi3'=' Be., \o't) Uv\ 2.01 A. 

17 Z. \"'100 - 00\'1 "lH
1
8j NES31 

18 Z- \100 - 0016 .Ie.. \OFJ 9j r455 
Iq I \0-00- cco5 1.::>1 Q\)E. C~\ l~4lC:;4 

20 

2.1 

22- I 2 \~OO- OOOCS 11 Ql.c>,8 2N. ~'51'; i 

23 I 
i 

\ 1 1400 - eml 1/ Q\-?~c:,) 1°112., I tJ 7...007 
I~ I Ib I Z. 

24 I I [400 - "Oles ,I' q-, i2J..l3&44 
25 I I ~ 1400 - ooz4 /, QII, \.::tlll I MP~ bS I8 I 

2f.c ! ! 
I I 

27 I 

1 4 =3000 - \006 f2Es1 'Sa -rO e... e~71'C) }031 ~ 10..0 ktL..> s% 
28 1 

! I 
i 1 

zq! i 

I I 4 3COO- woo '/ 124Z,4~Al146 uoD 
~I ! B "'30('C - S I co '1 12."I~)I2.~SI 10) ~JO Q. i C:::[~-4 

5! ! I I -, , 3COO- tOO! 
1(2~-=34 ~s 40 '5/ 

I , II i I' .:::A "59 ) , ) 1"-

32) ! ! II 3CXJO - 2.001 'I el1e) 10 III, \=>;,,14) 2<-I I 11b,1"7.19l0 4\ _ 

~~ I I I 
J ~OCG-5101 I 1/ 

~30 5./<::" 

54-; 
I 

I Z 300G-510C H R~I) ~2~ i :::; IC...JL 
, I , , ! , 
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Continued Display Board Assembly 

REF. DESIGNATION VENDOR NO. DESCRIPTION TYPE 

! 

118 ..1l.. IOJo 1/61..J....) 
-1--___� 

I.o~ 18W 1% 
1--'~~--~---4_-~~--~--~ -------~---------~--------_+------+_--------~--I_____I 

g~2. ,?'S Z,O Ie' ~ 

f - 249/ If i2..~B Z,.!;0Jl 
--ir----j---- --- -- f----.-----t--------__t--------f-I - -----_+_------+--+-----1 

I - 1,41 u ~~Q I i,74K 

( - 3 & '3 J iI >2 2.. I 3, 5jli 
------f------.-----+---.----.. ----f-------+-------+--+----i 

!{ 12-33 
1--~~-~-4_-~-+-~--_+_---_+--------__t-

( - 97fcl I., g:t?2. 9.7b ~ 

1--~~-~-4_-~-+-S_4--_+_---/0-0-Z+_--.-'--__t---~-Z-~---7-9)~~-Z~---~-/,-~-.a-K-----~_+--~ 
"2. - 2.00 Z, 124 I '5 U; , () k 

I - 7$"'00 i 12.~' 1 fOQ 

I - L Co I I • t2 2.. Z. '2 . ~ \ \(.. 8w i % 
f---+---+--+---t--+_--+..--:. .--+------+----------+---.-- --+-----+------=----t-----1 

Z S I 0(- 4(c4 0 ~57, K ioS" 4b4-:_ lie W I ~o 

I ., ~co - oo~o I2e*;. V AQ.. 

z 3~OO -DOl, I \1( Zo I 

:;5 i 2 ~~cc-c~.34 i2.ES. vAiC i;24CJ,53 
--- ---t--- --.- .. -+--~--~ -.- -- ----.. ---- ----------- ~(X".fI.. IT 

--

sc" ----L--J. --~--.-f__-------.- I -----+-----+-------+----1 

'51; iii 5f' 3.::::i we -0011 I' CICjJ 2Z,:-2 

::78 ! iii I ~ I OU - CO) btl C 7310 . l)M. I 0 '7..0 p~ 
f--~--+--+--'--+-- .. - --- -- - - - -- I -+_-------1----1 

c...~IJ ~1)4s:_4: 1 

~+1~; l- J:; tq~QO-~:IO~.' -,~-= 4~}fi~;~,4CA·---=~~~t~~-p--:-----+----f 
ro~ I I l-'-L~--- -I i 4Z-CC- CC -- ~--;-=~----~--~3q-----~_=_=-- .1 ~\y~_4.._~ __ +____1 

c'.:4
J 
i I \q !40CC-f"'C2.."5 I CA.\;:; CI,2,~,4._:.\.o,:8,q \ II~ 

t--~--+-~----+-_._+-I' _~---+,---.---...... :f 12.. 23.2'" '3::- ~4-41 • r-
IcS I _ __----r--~·: 4~~ I 

~c_--+__-'----~_+_--I-- - -------+---.-- -----+-----.----+------f--.- --- .---I-----l 
/do i I 

/50 fJF 

f---+--+--+---t--+---+-- r--- .. ---.-----l--.------- r-- - .----+_---_+------~____4 

I : Z !4-tOD- OC42.. t CA? c. 4'3) 410 3CC ~f 
t-08-'-+--+

1
--+'---+---+1'--+--5-' ~.f--4--IOD- oc~z I C-A r.-. C.Z4

j
Z5ZG. 27 ZS :cz.c (~' 

~I 'c_~-+----+-I --11 __ +-11 _+-_+-II_z ___ J7CCO- Ollc4- : E ~E.C..T0~ : .... ' --~.~ -1------1f---""":J-w..-.-~-'---, Y-L-E---1~~ 
I I i 
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Front Panel Subassembly 

QUANTITY PER ASS EMBLY 
PART NUMBER PART NAME REF. DESIGNATION VENDOR NO. DESCRIPTION TYPE ITEM -60 -50 -40 -3C -20 -10 , ! I 0111 -004-'1 ! f&,..rr pl<;tJ B-

,_.-

z I 2- ---- t<ePt..1U'"'1 
__ 4-

I \ 
c..!!~O 

) i ~CI?O-O IS' COWWEc..101Z. ~ 'PIW 

,-£\.J\.O 

'+ I i ~OOD-QoSB COwue-c.TOIC. 4 PI~ ~ Ir2..A 0. '!04 i-t"fl "!>/4. 

I fdJOa - () 18l ct>ulJecrovz. S ~IJ 
Mot..~"f r; i : t • 2.2~' - 2081 

~ I I I : B ("'000-.0188 'c.oWWEC10'V2... ·PII-..1 ~=~so-01l4 
., i i i I f.:,OOD -.0 l~ I co~~-a..;tt--t.~'t ~o\~~o~_..,~ 

I 
--f--"-' 

(e,~q ~i 
I 

i '2.. GfuJtJ:::> U/GI 
! 

i 2- tJPOOc)-OOo"2.:> CO~"tO<C.. ~uc 

'" 
i 

I;) Z. ~OOD-O,J c::; co~to.la 1.Ovt. COA.'f., 

"i I Are. -- (.,0;"'')<,. (f; I gt 

(2. i I ~~oo- 006 'Z. 6WIlC~ Roct.EI( Bl.,.b(..K., ~t)u<.a: e t c..",o I-:n ~u:: 
. U.m,"" .14~ ~ Il~ 

I tl,.I-\O 

11 I C.'Q:)- 00 I~ '~L..ltcroV!.. "PIU 1-+8047,--0 
(J: AMO 

II.t- 5 c,\DO-OOO ~ CDU1'~c:. 'j' ".>OGXe. T c.1\'1~-\ 

I~ 
I 

I 6~(XX)~ 'T8T ro,,.JT ~= 011 -

(r.. i '2 7COO -0 '"L ':> ~ ~?P..c~\l. foC K)\£..( ~ ~(.., ) j. ~/lh 

,7 
(-& <::) '006-0001 1~':>UlAiIW£' wA'>I.I\?" euc 

I~ A./f2. Lui Y2...'E - u.J Wl' 2'-~w&-

'2? AIR- I %x../ew '"'Z."t /:a..W& 

2.1 AIr?. W\'vt.E- wl-rr{t'>'iJ.4 "2.1. ~ 6r 

1"1. :o/,e WIKE __ &t<.N /"Y'EL 22 AWb 

0 I I &1.,j,.O LLJ&- ~~ 

L~ I 
\ (oI()O-OII'2... H00~IN6. 

Lt; 1 & 100-0111 COf\..l"-A..c...\" 

Zb 
i f)/R 8'2£X)-CCO 7 1...0'.1( T 1 T~ 1'"0 /..itT. l£Mo'~ '$'2-42-I 

i i 
i ! I I 

I 

! I : I 

III1111 I I I II 

Iii I I I I I I I I I 
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Power Supply 

ITEM 
QUANTITY PER AS~ EMBLY 

PART NUMBER PART NAME REF. DESIGNATION VENDOR NO. DESCRIPTION TYPE 
1-- --6i ·-!>l -40 -3U ·-20 10 

! I 0\\\- 0\0, P.C-. '00 

2- I 0111- 002.7 I-IEAT~lfI.1~ 

3 I 
i 

4 I \100- 00\8 I.e... N'=>'=>~8 
UI 1l\~8 

5 I I I I 1100- 003~ I.e... \,)'2. Me. 3403 ! 

G:. I 1100 - OOCo(P ~~I~TQR Q~ lr;;OU'? 
7 

l\lI'o."'ON""-

I 1100-0050 'RP-.~S\~'OR Q4 LN\ :AS- 5.2-

8 I 1100- 0047 ,~~\~iOR 
~"""\ON""-

05 LN'I :Acn- \~ 
.., .... 'T'~ 

9 I 1100-007'2.. ,~'S6\OR QI.o LM34()i- 1'-

1O I 1100- 004B ~N'::>\'::>\O~ en ~"!QOi-\S 
Fi'oIll('~'-tI 

\\ I 1300- 00'2.0 "TRP>N<:>IS,OR Q2. SE<j~ao 

12- I 1400- 0030 iRAASIS ,DR Q\ Zt-l':l883 

13 to 1000- OOOS t)IODE. (.~?,(R8.1(J- \~ IN4\54 

\4 I 4 \"2.00- 000\ O\OOE.. or~-c.~<o IN.4DD'-

\5 2. \100- 0003 ZEhlER OIOOE.. L~1, (R~ Il\llSIf>,. co.IV 

\~ 2. I~OO-OOOI T MIllSIS TOR,. Q9 J Q\O 2.1\\ '2"2."2.'-
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18 
19 

20 I 
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'2.1 i , 4()()()-OO\<D CI:...?F>-.c..ITOR C.4 • I ,Llf~ 

2.2 i 3 4300-002S e."'Pflo..O'OR.. LS,LIo,<-7 U~t..t» 41;.6 ,I.&.V, T~T 

23 I 1 ~ '=>0 - 600'" ~I":.'OQ 121 ~..a.. '/ z u...J 

2.4 I I 4400- 002.3 c.flo..PN:..\ TOR Ce;:, 2.'2.00d 2.IOV,~\.\l~ 

25 I 3 4300- oo'l.<D c."'Pflo..<.\ iOR.. po I L\(.. (..\::. <.\~<...o) 1~.vJ, ?.ov, i"'~i 

"2.(. I I &:c:oo-oz2.( f-.\Sfo..'DEe. JI ~ {:b~ 

2.7 1 CoOOO-o'2..18 H t:/"-.. T::::>E"G ,JZ liP Po";:. 

28 I ~1X>- OO~, ~~lO(. e'3 .C\--l"L 

291 I I 13000- 300~ "RE'S\c:::;,.OR R4 3\).r\..J II4.w 
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Continued Power Supply 

ITEM 
QUANTITY PER ASSEMBLY PART NUMBER PART NAME REF. DESIGNATION VENDOR NO. DESCRIPTION TYPE 

6 ·5C --40 ·3C 20 -10 

37 Co 3000- 1002. RESI'S,OR R \ 4- ,\8J\~/'l.''2., '2.3, 29 10\(, 1/4W, 5% 

3B I 3100- <oc.,S1 RE.SIS'OR.. R\(", ~.loS \(, 1/4lJ.) jO/o 

35 I 4 3100- 100'2... RE.SISTOR. Ro\l, '2I,'l.4,'l.1 IOk:.
J 

1/4 uJ J I ()/o 

40 I I 3\00 - Ilo52. RE.'::llS'OR RlO 1~.5\()/4W.l 10/0 

41\ I 3100 - 200"2- RE':>ISiOR. R2S '20\(1 \ 14.'-!!.! 1
% 

41i ! 3100 - 243' R.E.SISTOR R'2.~ "2.A3K,I/4-W
1 

!O/o 

43 
44- I 4 ---- ~REWI PP\l\l t\O 11 ~x S/8 L~ 

4';, 4 1000- O~I~ 
-:"I-iOULDI:(2 
\ .. lJ f:!,.. Sq aQ 

410 
47 I 

48 AIR. . : W\R.E E\jEZ1 E.3 I~ 6.rA0qE 

4-~ 4 I(S=> 1-.1L>"T *C:::. 

SO 
51 5 SCREW trI 4.>< 1/4- lGt 

5'2.. 5 S\-OJlDE.R \N~'::>"tR 

S3 '[ 7200'OOI~ TO-?> \~SU\A10R Q4,QI 
C.~OMC.'RK5 

~·1\-4~'H.; I~ 

S4 5 7'-00- 0011 \~SlJl"'""tCR 02 13, 5, IoJ , (.~u~'7-~'~ 
t..O·1\4~~-\~" 
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APPEI'DIX 

OCD-l DATA CARTRIDGE DRIVE 

The following DCD-l instruction manual is reproduced by permission of 3M 
Company, Mincom Division, Saint Paul, Minnesota. 
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SECTION I. INTRODUCTION 

1-1 SCOPE 

This manual describes the. OCD-l Data Cartridge Drive 
along with its operation, interface, use, mounting, and 
maintenance. 

Figure 1-1. DCD-l 

This manual is divided into 4 sections each of which de
scribes specific aspects of the drive. 

SECTION I. INTRODUCTION 

This section provides general information and specifi
cations for the drive system as a whole. 

SECTION II. GENERAL OPERATING PROCEDURES 

This section describes the mounting, interface, use and 
scheduled maintenance requirements of the DeD-l Car
tridge Drive. 

SECTION III. SUBASSEMBLY DESCRIPTIONS 

This section describes the operation of the various 
subassemblies which comprise a DeD-l Cartridge Drive. 

SECTION N. PARTS LISTS, SCHEMATICS, AND PC 
BOARD LAYOUTS 

This section contains the engineering documentation for 
the system. 

1-1 

1-2 GENERAL DESCRIPTION 

The DeO-l Data Cartridge Drive has been designed for use 
with the "Scotch" Brand DCI00A Data Cartridge. The 
drive and cartridge provide a tape storage system capable of 
recording and reading approximately 100,000 eight bit 
bytes in a physically small, highly reliable unit. 

The DeD-l consists of three major subassemblies. These 
subassemblies are: 

1-2-1 MECHANICAL ASSEMBLY 

The Mechanical Assembly includes those items necessary to 
position and hold a cartridge within the drive, to sense the 
presence of a cartridge within the drive, to detect the posi
tion of the cartridge File Protect Slide Switch, and to 
detect the tape position holes located on the cartridge tape. 
The mechanical assembly also includes a motor, a tape 
head, and a light source used in detection of tape position 
holes. 

1-2-2 READ/WRITE AMPLIFIER AND SERVO ELEC
TRONICS PC ASSEMBLY 

This PC Assembly includes the circuitry necessary (1) to 
maintain tape speed and direction according to input com
mand; (2) to interlock all tape motion commands with tape 
position status so that improper commands (such as re
questing REWIND when tape is at BOT) will not cause 
activation of the drive motor; (3) to accept TTL Compat
ible Serial data to be written which places flux transitions 
on the tape for each change of logic state in the input; 
and (4) to accept low level read data from the tape head 
and convert it to a TTL compatible serial data which is 
identical to the input used when writing data. 

This assembly also contains select circuitry which allows up 
to four units, consisting of a mechanical assembly, read! 
write amplifier and servo electronics PC Assembly, to be 
connected to one Encode/Decode PC Assembly. 

1-2-3 ENCODE/DECODE PC ASSEMBLY 

This assembly consists of that circuitry necessary to accept 
8 bit bytes (bit parallel) as a data input and decode a serial 
TTL bit stream for use by the write amplifier. This assem
bly also accepts a serial TTL bit stream from the read am
plifier and decodes an 8 bit byte read output for the user. 
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Mechanical Assembly 

Interboard Cable 

CA·S 83-0003-0972-0 
Customer Interface Cable 

CA-1 83-0003-0968-8 End Sense Cable 

Figure 1-2. Assembly Locations 

January 1978 1-2 

ReadIWrite Amplifier 
and Servo Electronics 
PC Assembly 



1-3 SPECIFICATIONS 

The specifications of the OCD-l Data Cartridge are as given below: 

Cartridge ................................. . 

Operating Speeds ............................. . 

Tape Head ................................ . 

Recording Forma tCD . . . . . . . . . . . . . . . . . . . . . . . . . . 

Transfer Rate .............................. . 

Cartridge Capacity ........................... . 

Start Delay. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Stop Delay ................................ . 

Interface Logic ............................. . 

Power ................................... . 

Duty Cycle ................................ . 

Ambient Temperature ........................ . 

Relative Humidity ........................... . 

Size 

Weight. .................................. . 

Finish ................................... . 

NOTES: 

<D See Section 3.3.2 for description. 

CV PATENT PENDING 

1-3 

Uses the "Scotch" Brand DC 100A Data Cartridge 

FORWARD: 30 ips (76.2 cmps) 
REVERSE: 30 ips (76.2 cmps) or 

60 ips (152.4 cmps) 

Single channel, single gap, full width 

Variable Cell Width RecordingCV 

2400 bytes/second, average 

102,400 bytes, average (256 bytes per block, 1 inch IRG) 

27 milliseconds 

5 milliseconds 

TTL compatible 

+5 VOC ±5%, 1.5 amps; 
+12 VDC (+10.8 VDC to +15 VDC), 1 amp average, 
3 amps peak (20 msec duration) while running; 250 rna 
idle 

7 start/stop operations per second maximum 

20% to 80%, noncondensing 

Drive 
5-3/4" wide (14.6 cm) 
4" high (10.2 cm) 
4-1/2" deep (11.4 cm) 

Electronics 
Two 5" x 12" cards 
(12.7 x 30.48 em) 

3-1/4 pounds maximum (1.47 kg) 

All metal surfaces finished per best commercial practices. 
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SECTION II. GENERAL OPERATING PROCEDURES 

Before applying power to or attempting to use the OCD-I, 
the user should become familiar with this section of the 
manual. 

1 each* Encode/Decode PC Assembly 
1 each * Interboard Cable 
1 each* Interboard Connector 

2-1 INSTALLATION 
1 each* 6' Interface Cable and Connector Header 

When unpackaging a DCD-l , the user should insure that the 
following items were received: 

3 each * PC Card Power and Display Connectors 
2 each** PC Card Power and Display Connectors 

1 each Mechanical Assembly 
1 each Read/Write Amplifier and Servo Electronics 

PC Assembly 

1 each Instruction Manual 

* Included with master drive units only 
** Included with slave drive units only 

.468~1 ~! ,.!-----4.47--.....,.~1 1"-.439 1 ...... -----5.75-------i.~\ 

T.11 .1f8~-~!:_, r--_'! • I I l 

t---
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r~ +--~r-1--1 

I 

I I I 

I --

! lb =DO] I 
1 

i 

t __ ~ ~ 
.437 -. -

1.000 
t __ 

;::::=:>; V= 0-

!I 
II 

$-
I 

I 
I 5.375 

jMI~:r _. _zr~l~J~ 
~ 

r= 
~ 1. 

~l -irS- ~--
; I -----

.1 

f-oI • ...-----5.750 -----I.~t 

FRONT VIEW 
TOP VIEW 

Figure 2-1. Mounting Dimensions for DCD-} Mechanism 

.120 Dia. 4 Holes 

------------ --------------- - ---------- --- - ------- - -----

Notes: Data Control Board shown. 
Motion Control/RW Amp Board shown in phantom. 

P.C. Board clearances: 
Allow min. 5/8" component side of P.C. Board. 
Allow min. 3/8" non-component side. 

I I I ; 

~ !~:-----6'307 ~; -~ 1~~·-2-.5:5JI. .307 

.15 1--11--------------10.850-------------I~ 

~---------------------------11.15--------------------------t~ 

4.70 

4.400 

.15 

Figure 2-2. Mounting Dimensions for Encode/Decode and Servo Electronics Read/Write Amplifier PC Assembly 
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I~ 
I 

#6-32 UNC (6 HOLES) 

0 0 II'\~ -'OF' 
.375 

1:\ 

I 

:1 ~ I I I 

0 I 3% 
2.625 

! 
-'--
.375 

~ ~ 
I 

I 

1-
1.187 

~ &-e-_-H 
n - - - () /. -

L_ 
I i !i .281 l ........ r---t Fj 

5.375 ~I t ,- , 

J...-I. ----5~----~.1 
Figure 2-3. Holes for Flush or Recess Mounting of DeD-I Mechanism 

The DeD-l mechanical assembly may be mounted in any 
attitude. As shown in Figure 2-1, the unit may be secured 
at the three ears of the top plate casting. Or if desired, the 
shipping bracket, used to protect the motor, may be used 
as a mounting frame. Location of holes for mounting in 
this frame are shown in Figure 2-1 and 2-2. Note that the 
top plate casting can be secured to the mounting frame in 
two different positions as shown in Figure 2-3. In the for
ward position, the frame can be attached to a front panel 
by through-bolting. In the recessed position, the frame can 
be attached to studs welded to the back of a front panel. 

Figure 2-4 illustrates cable modification procedure for 
connecting one or more salve units to a master. Electrical 
interconnection of the three subassemblies is accomplished 
as shown in Figure 2-5. The two PC Assemblies may be 
mounted up to 12 inches away from the mechanical 
assembly. All connectors are keyed to prevent improper 
interconnection. 

2-2 POWER APPLICATION 

When applying power to the DCD-l, the + 12 VDC power 
should be applied prior to application of the +5 VDC power 

2-1 

input. This prevents any possibility of motor movement 
during the power up cycle. When removing power, turn off 
the +5 VDC input first. 

2-3 INTERF ACE LOGIC 

All inputs and outputs of the DeD-l are TTL compatible 
with 0 to +0.8 VDe = logic 1 = low and +2.5 VDC to +5.0 
VDe = logic 0 = high. The read data output is from 74125 
tri-state drivers. The write data input goes directly to 74100 
latches. All other outputs are from either 7416 or equiva
lent open collector buffer drivers. All inputs go to 7404 or 
equivalent gates. Except for select 0 and 1, which go to a 
74155 2 line to 4 line decoder. 

Recommended logic interfaces for the DCD-l are as shown 
in Figure 2-6. When less than 4 feet of cable is used, the 
220 ohm/330 ohm resistor terminations may be replaced 
with lK ohm pull ups if desired. 

24 INTERF ACE SIGNALS 

The interface signals of the DeD-l and their functions are 
as described below. Details concerning the use of these 
signals are presented in various sections dealing with spe
cific operations. 
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Surface Insulation 

Smooth Side 
of Cable 

Note* 

Shielding 

\ ~/j~ /~-
,y~~-

/~/y 

Notch Insulation 

Note* 

To connect one or more OCO-' slave units into a system add 
connector kit 83-0003-1027-2 to 26 conductor cable as follows: 

oco-, Master Unit 

1. At the desired location on the cable where plug is to be added, score the insulation on the shielding side of the 
cable (smooth side) to enable removal of 3/4" of insulation and shielding. Peel the insulation from the shield, 
then peel the shield from the cable. 

2. Cut sufficient amount of insulation from each side of cable to allow acceptance of the plug to be installed, 
taking care not to cut into edge conductors. 

3. Align plug on the prepared area of the cable, smooth surface to plug connectors. 

4. Compress the cable between the plug and the plug plate. (If connector tool is not available for compressing 
connectors on the cable, a vise may be used.) Top p!ate should be even with plug tabs when connector is prop
erly seated. 

Figure 2-4. Connecting One or More Slave DCD-l Units into a System 
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DRIVE USER 
74125 74125 or Equivalent 

Flat Cable 

7404 7404 or Equivalent 

NOTE: For short line «4 feet) these lines could be driven from aMOS tri-state driver. 
Such as is used in some microprocessor systems. 

7416 or Equivalent 

Driver 

January 1978 

Flat Cable 
7404 or Equivalent 

Output From Drive 

Flat Cable 

7404 or Equivalent 

Input to Driver 

NOTE: For short lines «4 feet) each line may be pulled up with a single 1 K resistor to 
+5V and driven by a MOS or standard TTL output. (Remove the 220 - 330 ohm 
network in tape drive (RN1) and replace with a 1 K network.) 

Figure 2-6. Recommended Interface Circuits 

2-4 



2-4-1 STATUS OUTPUTS 

Two lines which give data relating to tape position and 
operational status of the drive. These outputs are: 

2-4·1·1 BEGINNING OF TAPE (BOT) 

A low level output that occurs when tape is at BOT. A 
reverse direction motion command will not be accepted 
when tape is at BOT. 

2-4-1-2 READY 

An output that is low during read operations when tape is 
between LOAD POINT and EARLY WARNING. See Fig
ure 2-8. During write operations, the cartridge file protect 
slide switch must be in the RECORD position and the tape 
must be between LOAD POINT and EARLY WARNING 
for READY to go low. 

2-4-2 T APE MOTION COMMANDS 

The DCD-} Data Cartridge Drive has four input ijnes to 
control tape motion. These inputs are interlocked to the 
various drive status and tape position outputs to prevent 
motions which might damage the cartridge, such as giving 
a reverse command when the cartridge is already at begin
ning of tape. 

2-4-2-1 FORWARD/REVERSE (FIR) 

The status of this line determines the direction of tape 
motion. A high level causes forward motion and a low level 
causes reverse motion when the RUN input pulse is applied. 

2-4-2·2 RUN 

A low going pulse of 500 nanosecond minimum, maximum 
of 200 microsecond duration on this line causes tape 
motion to commence in the direction determined by the 
state of the FORWARD/REVERSE input. Motion com
mences upon the low to high transition. Minimum of 200 
microseconds before most drives will start.) 

2-4-2-3 STOP 

A low going pulse on this line of 50 nanosecond minimum 
duration causes tape motion to stop. The STOP input over
rides the RUN input, so that if both RUN and STOP are 
simultaneously low no tape motion will result. 

2-5 

2-4-2-4 RESET 

A low going pulse on this input causes the READY input to 
go low regardless of tape position. This line is used to clear 
drive logic after a power interrupt. If tape is in motion 
when the RESET pulse is applied, tape motion will halt. 
RESET should be a pulse of 500 nanoseconds minimum 
duration and should be held low until power is completely 
up. Note that RESET clears system logic and forces the 
READY output to the true (low) state. Consequently, im
proper use of the RESET input (stopping at EOT, apply
ing a reset pulse, commanding forward tape motion, and 
repeating this sequence) could cause damage to the cart
ridge. It is therefore recommended that after applying a 
RESET command, the cartridge be rewound to BOT 
before commencing further operations. 

2-4-3 SELECT 0 AND SELECT 1 

These two lines are used to s~lect the active drive in 
multiple drive systems according to the following table: 

Table 2-1. Active Drive Selection 

SELECT 0 SELECT 1 SELECTED DRIVE 

High High 0 
Low High 
High Low 2 
Low Low 3 

2-4-4 DA TAO THROUGH DATA 7 

Eight lines which form the data bus (used in both read and 
write operations). DATA 0 is the least significant bit, 
DAT A 7 is the most significant bit. 

2-4-5 READ/WRITE CONTROL 

A level input which controls mode of operation. This line is 
held low to perform a write operation (enables head cur
rent) and held high to perform a read operation. During 
write operations, READ/WRITE CONTROL should be 
set low prior to initiating tape motion and held low until 
tape motion ceases tl) insure the writing of clean inter
record gaps. 
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2-4-6 READ BUS ENABLE 

When this line is pulsed low, the contents of the read buffer 
are shifted onto the data bus. This pulse also clears the 
READ BUFFER FULL and INCOMPLETE CHARACTER 
flags. 

The READ BUS ENABLE pulse must be at least 50 nano
seconds in duration and must occur no sooner than 20 
nanoseconds after READ BUFFER FULL goes low. The 
READ BUS ENABLE pulse must return high within 200 
microseconds of READ BUFFER FULL going low to avoid 
missing data, and must be held high during write operation. 

24-7 INTERRECORD GAP 

An output that goes low each time an interrecord gap is de
tected. This output is active when tape is moving in either 
the forward or reverse direction. 

24-8 WRITE BUFFER EMPTY 

This is an output flag that goes low to indicate that the 
write buffer is empty and ready to accept another byte of 
data. 

When the first byte of a block is loaded, WRITE BUFFER 
EMPTY will go low again within from 16.7 microseconds to 
83.5 microseconds, depending upon internal logic timing. 
After going low for the second byte, WRITE BUFFER 
EMPTY will go low no sooner than every 350 micro
seconds. 

24-9 LOAD WRITE BUFFER 

A low going pulse on this input causes information on the 
data bus to be strobed into the write buffer. This pulse 
must be at least 500 nanoseconds but no greater than 1.5 
microseconds long. (The LOAD WRITE BUFFER pulse 
must occur less than 320 microseconds after WRITE 
BUFFER EMPTY goes low.) The LOAD WRITE BUFFER 
pulse also clears the WRITE BUFFER EMPTY output 
flag. 

24-10 READ BUFFER FULL 

This is an output flag that goes low when the read buffer 
contains a data byte. This flag will stay low until cleared 
by a READ BUS ENABLE input flag. READ BUFFER 
FULL will go true no sooner than every 200 micro
seconds. 

2-7 

In order to discriminate against false transitions in the inter
record gap, one 8 bit byte must be read before this flag 
becomes active. 

24-11 INCOMPLETE CHARACTER 

This is an output flag that goes low if a complete 8 bit byte 
is not contained in the read buffer when the READ BUF
FER FULL output goes low. All bytes containing fewer 
than 8 bits will result in this flag going low thus indicating 
an error condition caused typically by tape dropouts. In 
order to discriminate against false transitions in the inter
record gap, one 8 bit byte must be read before this flag 
becomes active. A READ BUS ENABLE pulse clears this 
flag; therefore the status of this flag should be checked 
after READ BUFFER FULL goes low but before the 
READ BUS ENABLE input is issued. 

Table 2-2. DCD-l Power Connector Pin Assignments 
(SERVO ELECTRONICS AND READ/WRITE AMPL 

PC ASSEMBLy) 

Pin 

2 
3 
4 
5 

Function 

+12 VDC 10.8 VDC to 15.0 VDC, 1 Amp 
Avg.3 Amps Peak (20 msec duration) while 
running; 250 rna idle 
Ground 
+5 VDC ±5%, 0.5 amps 
Ground 
+12 VDC 

Table 2-3. DCD-l Power Connector Pin Assignments 
(ENCODE/DECODE PC ASSEMBLY) 

Pin 

1 
2 
3 
4 
5 

Function 

+ 12 VDC (Not Used) 
Ground 
+5 VDC ±5% 1.5 An1ps 
Ground 
+ 12 VDC (Not Used) 

Logic interface connection to the DCD-l is via a 50 pin, PC 
card edge connector, "Scotchflex" No. 3415-0001 or 
equivalent, keyed between contacts 8 and 10. For "Scotch
flex" connectors, use key No. 3439-0000. 

Power connection is via two Molex connectors, No. 22-01-
2051 with contacts No. 08-56-0114. One connector is used 
for each PC card. 
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Table 24. Interface Connector Pin Assignments 

Function Pin 

Run 2 
Load Write Buffer 4 
Select 0 6 
Select 1 8 
Read/Write Control 10 
Forward/Reverse 12 
Reset 14 
Stop 16 
Read Bus Enable 18 
Ready 20 
Write Buffer Empty 22 
Interrecord Gap 24 
Incomplete Character 26 
Read Buffer Full 28 
Beginning of Tape 30 
Not Used 32 
Not Used 34 
Data 0 36 
Data 1 38 
Data 5 40 
Data 4 42 
Data 2 44 
Data 3 46 
Data 7 48 
Data 6 50 
Common All Odd No. Pins 149 

2-5 CARTRIDGE LOADING 

Loading the cartridge requires inserting a cartridge into 
the drive and positioning tape at Load Point. 

The cartridge is installed in the drive by inserting it into 
the rectangular slot in the drive facade. With respect to 
the top plate, the cartridge is inserted with its metal base 
plate next to the drive top plate and with the cartridge 
edge containing head door and belt capstan being inserted 
first (this is the only cartridge orientation that will permit 
cartridge loading). The cartridge should be pushed fully 
into the drive; an audible click will be heard and the EJECT 
button protrudes from the front of the mechanism when 
the cartridge is engaged by the drive. Should difficulty be 
encountered, be sure the EJECT button is fully depressed 
before inserting t..~e cartridge. To remove a cartridge fiom 
the drive, depress the EJECT button on the front facade 
of the drive. 

Once the cartridge has been inserted into the drive, the first 
command issued must be for reverse motion (this is the 
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only command that will be accepted until BOT is reached). 
When tape motion stops at BOT, command forward motion 
until Load Point is reached (the READY output will go 
true). The drive and cartridge are now initialized and ready 
for subsequent read/write operations. 

2-6 INTERRECORD GAP TIMING 

To insure the writing of proper length interrecord gaps, the 
following delays should be employed: 

(a) After commanding forward tape movement, delay 27 
milliseconds before entering the first data byte. 

(b) After writing (or reading) the last data byte, delay 5 
milliseconds before commanding a STOP. During read 
operations, the INTERRECORD GAP output indi
cates the end of a data block. 

2-7 WRITING A DATA BLOCK 

It is recommended that an initial gap of 7-1/2 inches or 
longer be used between the LOAD POINT hole and the first 
data record. (Approximately 275 ms delay following the 
READY signal at LOAD POINT will produce this initial 
gap.) 

When writing data, the following sequence of events should 
be used: 

1. Set the READ/WRITE CONTROL input to the low 
logic state. 

2. Check the READY output (assuming that tape is be
tween LOAD POINT and EARLY WARNING). If it 
is low, proceed. If it is high, remove the cartridge, 
place the me protect slide switch in the RECORD 
position, reinsert the cartridge, set READ/WRITE 
CONTROL high, rewind to BOT, come forward 
until READY goes low, stop tape motion, and 
commence operation again at Step 1. 

3. Set the FORWARD/REVERSE input high. 

4. Apply a pulse to the RUN input. 

5. Delay 27 milliseconds during which time the first 
byte to be written should be placed on the data bus. 

6. After 27 milliseconds apply a LOAD WRITE BUF
FER pulse. 

7. Monitor the WRITE BUFFER EMPTY output. When 
this output goes true place the next byte to be writ-



ten on the data bus and issue another LOAD WRITE 
BUFFER pulse. Continue this process until all re
quired bytes have been written. 

8. Five milliseconds after the last LOAD WRITE BUF
FER input, apply a STOP pulse. 

9. Allow 20 milliseconds for tape motion to stop. 

10. If the next operation to be performed is a write, 
leave READ/WRITE CONTROL low. If a read or 
rewind is to be performed next, set READ/WRITE 
CONTROL high. 

2-8 READING DATA 

The reading of data is accomplished per the following 
procedure: 

1. Set the FORWARD/REVERSE input high. 

2. Apply a pulse to the RUN input. 

3. Apply a pulse to the READ BUS ENABLE input to 
clear the READ BUFFER FULL and INCOMPLETE 
CHARACTER flag circuits. This pulse should occur 
before data is encountered. 

4. Monitor the READ BUFFER FULL output. For the 
first byte, it will go low about 27 milliseconds after 
the RUN pulse is applied. Thereafter it will go true 
approximately every 350 microseconds. 

S. When READ BUFFER FULL goes low check the 
level of the INCOMPLETE CHARACTER output to 
determine if an error has occurred. 

6. Set the READ BUS ENABLE input low. The data 
byte will have settled on the data bus within SO 
nanoseconds of this input. Read data is only on 
the bus as long as this input is low. 

7. After the byte has been captured by the user's cir· 
cuitry, set READ BUS ENABLE high. 

8. Alternate between monitoring the READ BUFFER 
FULL and INTERRECORD GAP flags. 

9. If READ BUFFER FULL goes low, return to Step S. 

10. If INTERRECORD GAP goes low, wait 5 milli
seconds and apply a pulse to the STOP input. Wait 
20 milliseconds for tape motion to stop before issu
ing further commands. A continuous read is accom
plished by not issuing the STOP pulse. 

2·9 

Table 2-5. Display Connector Pin Assignments 

FUNCTION 

Select 
+5 VDC 
File Protect 
Ground 
Ready 

SYMBOL USED 
ON SCHEMA TIC 

SEL 
+5 VDC 
FP 
GND 
ROY 

2-9 DRIVE UNIT SELECTION 

PIN 

2 
3 
4 
5 

As noted. in paragraph 1-2-2, the DCD-} is available in 
mUltiple drive configurations. When 2 or more drives are 
present, the SELECT 0 and SELECT 1 inputs must be used 
to determine which drive shall be operative during execu
tion of a given function. Selection is accomplished accord
ing to the following table: 

Table 2-6. Drive Unit Selection 

DRIVE SELECT 0 SELECT 1 

o 
1 
2 
3 

High 
Low 
High 
Low 

2-10 RECOMMENDED MAINTENANCE 

High 
High 
Low 
Low 

The only periodic maintenance required on the DCD-l is 
cleaning of the tape head and motor drive roller. 

These items should be cleaned with ethyl alcohol and a 
cotton swab every 1,000 to l,Soo cartridge cycles. A cycle 
is defined as tape movement from BOT to EOT and back to 
BOT. 

In harsh environments cleaning may be required more fre· 
quently. 
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SECTION III. SUBASSEMBLY DESCRIPTIONS 

3-1 MECHANICAL ASSEMBLY 

3-1-1 DESCRIPTION 

The Mechanical Assembly consists of those items necessary 
to position and hold a cartridge for READ/WRITE OPERA
TION, to apply rotary power to the cartridge bolt capstan 
to create motion, to detect the presence of a cartridge 
within a drive, to determine the status of the cartridge fIle 
protect plug, and to detect the tape position holes of the 
cartridge. 

The major components of the assembly are the top plate, 
the motor-tachometer, the tape head, and the photocell 
amplifier PC Assembly. 

3-1-2 MAINTENANCE 

DCD-l Alignment Kit 80-9700-0167-5 is available from the 
3M Company. The kit contains one 80-9700-0168-3 DCI00A 
Azimuth Alignment Tape, one 80-9700-0169-1 DCI00A 
Speed Tape and instructions. 

3-1-2-1 HEAD AND PUCK CLEANING 

The only periodic maintenance required on the mechanical 
assembly is cleaning of the tape head and the drive puck. 
This cleaning operation should be accomplished every 
1,000 - 1,500 tape cycles. In harsh environments, cleaning 
on a more frequent basis may be required. 

Left Rail 
Mounting Screw 

Sensing Switch Left Rail 
Mounting Screws Mounting Screw 

J L I ~ 
lUI !11~11,~ 

Cleaning should be accomplished with a cott.on swab mois
tened with ethyl alcohol by gently rubbing :the head and 
then the drive puck. 

NOTE 

The useful life of the DeD-1 Data Cartridge 
Drive is estimated at 40,000 tape cycles. At this 
point, the head and/or motor may be near fail
ure, and the user may elect to change these 
components. 

It is reconunended, however, that only the vol
ume user with formalized depot programs and 
facilities attempt to replace these components 
in the Mechanical Assembly. Other users are 
advised to return the unit to the factory for 
replacement of these items. 

Replacement of the EOT IBOT bulb is the one 
procedure which does not require specialized 
tools and fixtures. 

3-1-2-2 EOT-BOT BULB REPLACEMENT 

1. Remove the two front bezel mounting screws. 

2. Remove the front bezel. 

3. Unplug the cable from the EOT IBOT PC Board. 

4. Remove the two rail mounting screws (left rail). 

Photo Transistors 
EaT/BOT Bulb 

EaT/BOT PC ~ 
Assembly I: 0:: :1 
Mounting Screw ~n~~~nAn 

~~~ 
Ilr U TTl" U l"1"]1 

Front Bezel 
Mounting Screws 

0' Front Bezel 

Figure 3-1. EOT IBOT Bulb Replacement 
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s. Remove the left rail and the EOT /80T PC Assembly 
from the mechanism. 

6. Remove the two sensing switch mounting screws. 

CAUTION 

Hex nuts are free in block depression. 

7. Remove Phillips mounting screw and plastic insula
tion washer from the EaT/BOT PC Assembly. 

8. Remove the EaT/BOT PC Board and switch assembly 
from the block. 

9. Unsolder the old bulb from the board and clean the 
solder from the holes. 

10. Place the new bulb leads through the holes and insert 
the bulb fully into the block as the PC board is again 
fitted to the block. Secure with the Phillips mounting 
screw and insulating washer. 

11. Solder bulb leads with the bulb located all the way 
into the block. 

12. Reverse the disassembly procedure from Step 6 
through Step 1. 

3-1-2-3 MOTOR REPLACEMENT 
See Figure 3-2 

1. Remove the deck from the mounting base. 

2. Remove the power cable from the motor. 

3. Remove the two motor pivot mounting screws. 

4. Remove the motor assembly. Retain the pivot pins. 

5. Insert the pivot pins into the new motor mounting. 

6. 

7. 

Remount the motor using the screws and pivot hold 
down clamps. 

No end play is permissible in the motor pivot mount. 
Secure one pivot clamp and force the other pivot pin 
into the motor mount, tighten the second pivot 
clamp. If end play is not completely removed, loosen 
one pivot clamp and force the pivot pin in, then re
tighten the clamp screw. 

3-1 

See maintenance section for motor control alignment 
procedure. 

8. Whenever a motor is replaced the Servo Electronics 
MUST BE REBALANCED. 

Mounting Screws 

Motor 

Pivot" 

&:9 

Motor 

Power Cable 

Figure 3-2. Motor Replacement 

3-1-24 HEAD REPLACEMENT 
See Figure 3-3 

1. . Loosen the head clamp screw sufficiently to allow the 
head to be removed. 

2. Be sure the new head has one wrap of mylar tape 
around the body of the head to give insulation be
tween head and the mounting bracket. 
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3. Slide the new head into place and tighten the mount
ing screw lightly so that head position can be changed 
with finger pressure. 

4. Position the head so that the head will push the tape 
. 055" to .065" into the cartridge when a cartridge is 
inserted fully into the deck. This may be done by 
measuring the distance from when the head first 
contacts the tape as a cartridge is inserted, and when 
the cartridge is firmly in position. 

5. 

6. 

Align the two mating surfaces of the head clamp and 
tighten the head clamp firmly. 

Install azimuth alignment cartridge 3M Number 
80-9700-0168-3 into the drive and adjust the azimuth 
screw for maximum output at TP3. 

CAUTION 

When installing a new head degauss the head 
before using the azimuth test tape. 

Azimuth Do not 
adjust or 
remove 

.055 to .065 
Penetration 
into Cartridge 

Figure 3-3. Head Adjustment Screws 

3-2 SERVO ELECTRONICS AND READ/WRITE AMP-

This assembly is comprised of the major sub functions 
listed below. See Block Diagrams, Figure 3-4 and 
3-5. 
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3-2-1 DRIVE SELECT LOGIC 

This circuitry consists of the select jumper plug which 
enables only the selected drive command input gates and 
output gates .. 

3-2-2 DIRECTION CONTROL LOGIC 

This circuitry is comprised of two sections. 

1. 

2. 

The Status Logic section monitors cartridge related 
factors such as tape position, file protect status, and 
cartridge in place status. 

The Command-Status Interlock section prevents 
acceptance of motion commands which could harm 
the cartridge (rewinding from BOT, etc.). 

3-2-3 SERVO ELECTRONICS 

This circuitry consists of several sections which operate in 
unison to control the direction and speed of tape motion 
(by controlling motor input voltage). Jumper J7 allows user 
the choice of 30 ips or 60 ips reverse. 

3-24 WRITE CIRCUITRY 

This circuitry consists of a write enable transistor switch 
which only permits head current to flow when the READ/ 
WRITE Control input is low, and the write head drivers. 

3-2-5 READ CIRCUITRY 

This circuitry consists of Operational Amplifiers for Read, 
Threshold Detector, and Peak Detector. 

3-2-6 DRIVE SELECT LOGIC 
See Figures 34 and 3-5 

One of four ENABLE inputs is connected through a jumper 
plug at connector J8 to ICI6, pin 9. This signal is routed 
through 2 inverter stages and then enables negative and 
gates for input signals (RUN, STOP, READ/WRITE CON
TROL, WRITE DAT A, FORWARD/REVERSE, and 
RESET). The same signai also enables tri-state gates for 
output signals (BOT, READY, and READ DATA). The 
signal at ICI6, pin 8 is also inverted to provide a SELECT 
output at IC20, pin 2. This output can sink 40 rna at 
+5 VDC. 



3-2-6-1 LOGIC INTERFACE CONNECTIONS 

The interface connections of the drive select logic portion 
of the read/write amplifier and servo electronics PC Assem
bly and their use is as described below: 

3-2-6-2 ENABLE 0, 1, 2 AND 3 

One to four drives may be used in a system. Selection of 
one of four drives is performed on the data control logic PC 

Electronic Assembly. This will hold either EN 0, EN 1, 
EN 2, or EN 3 to ground and thereby selects the proper 
drive. 

3-2-6-3 UNIT DESIGNATE 

J8 requires a jumper plug to select the proper drive. Place 
the jumper plug in the ° position when only one drive is 
used. When multiple drives are used designate the drive 
number by placing the jumper plug in positions 0, 1, 2, 
or 3. 

From Mechanical Assembly 
~ 

WP CT HD HD 

From 
Mech 
Assembl 

RWC 

STP 

RUN 

WD 

FIR 

EN 0 

Drive 
Select 
Logic 

t j 

------' 
EN 1 

EN 2 

EN 3 

RST 

f£.!. 
t PC 2 Status 
} Decode ( 

y)CIN ..... Logic 

(~ 

l 
BOT ROY RD 

Drive Select 
Logic 

! ! l 
BOT ROY RD 

RWC 

WD 

Command 
Status 
Interlock 

!£l1 
PC 2 

CIN 

1 
Write 
Enable 

WE 

Write 
Head 
Driver 

FWD 

REV 

HD 
~ 

HD .... ---

~ 

To Servo Electronics 

Read Threshold 
Amplifier Detector 

'1 1 
RD Peak 

Detector 

Figure 3-4. Block Diagram - Drive Logic, Direction Control and Read/Write Amplifier 
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3-2-6-4 FORWARD/REVERSE 

The status of this line determines the direction of the 
tape motion. A high level causes forward motion while 
a low causes a reverse motion when the RUN input pulse 
is applied. 

3-2-6-5 RUN 

A low going pulse of 500 nanosecond minimum, maximum 
of 200 microsecond duration on this line causes tape 
motion to commence in the direction determined by the 
state of the FORWARD/REVERSE imput. Motion com
mences upon low to high transition. 

3-2-6-6 STOP 

A low going pulse of 500 nanosecond minimum duration 
on this line causes tape motion to stop. The STOP input 
overrides the RUN input, so, if both RlJN and STOP are 
simultaneously low, no tape motion will result. 

3-2-7 STATUS DECODE LOGIC 

3-2-7-1 CARTRIDGE IN (CIN) 

A switch on the mechanical assembly senses the presence 
of the data cartridge. When the cartridge is out this line 
clears the 4 bit bidirectional shift register (lC3) and sets the 
set/reset flip flop (Ie 1 0) to the initialization state. 

-

3-2-7-2 PHOTOCELL I (PCI) 

An input from the Photocell Amplifier PC Assembly. Mo
mentarily high when a hole passes by the Photosensor. Used 
along with Photocell 2 to develop the various tape position 
outputs. A hole in the tape passes by Photocell 1 before 
Photocell 2 when the tape is moving in the forward direc
tion. 

3-2-7-3 PHOTOCELL 2 (PC2) 

An input from the Photocell Amplifier PC Assembly. 
Momentarily high when a hole passes by the Photosensor. 
Used with Photocell 1 to develop the various tape position 
outputs. 

3-2-7-4 FILE PROTECT 

An input from the file protect switch of the photocell 
amplifier PC Assembly. During write operations the file 
protect switch on the DC 1 DDA Cartridge must be in the 
record position. If it is not in the Record position and RWC 
(Read/Write Control) is forced true, RDY will go false indi
cating the drive is not in the proper mode for writing. For
ward and reverse motion can still take place with RDY 
false, but no writing will occur since the write current is 
disabled whenever the record switch on the DC 1 DOA is 
not in the record position. 

Error t----------+-I Automatic t--------f 

~ Amplifier Switch Switch 2 
r-------~""'Select I--

Forward 
....... Driver 1 

Reference 
Reverse Amplifier ~ I 

4~1 I 
1 

Error 
+ Amplifier Driver 2 

'---------------~I ~~~I~~! I I "'HI..,IIIII:I 

... --+-........ I To Motor 
. Mechanical f \ Assembly 

~ 
~ 1'--_-----

Bridge 

Figure 3-5. Block Diagram - Servo Electronics 
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3-2-7-5 RESET (RST) 

A low going pulse on this line forces the status decode logic 
to the Ready (RDY) state regardless of actual tape position. 
In the ready state either Forward or Reverse Commands 
will be accepted. Reset Commands should be used in only 
these cases. 

1. 

2. 

If it can be determined, the tape in the DCIOOA is 
actually between LP and EW. The determination of 
this fact would have to be based on past cartridge 
history. 

To determine whether or not a cartridge is actually 
in the drive. A Reset Command will have no effect 
if there is no cartridge in the drive. Thus, issuing a 
Reset Command and sensing ready indicates the 
presence of a cartridge. A Reverse Command to BOT 
should then be given to properly locate the cartridge. 

Using of Reset during power fail restart situation: 
When power restart occurs the reset line should be 
held true until power is stable. Appropriate action 
can then be taken depending on the cartridge tape 
position before the power failure occurred. 

3-2-8 COMMAND-STATUS INTERLOCK 

The command status interlock circuitry utilizes the four 
unique locations on the tape which are detennined by the 
punched holes on the IX 100A Cartridge. See Figure 2-8. 
These positions are Beginning of Tape (BOT), Load Point 
(LP), Early Warning (EW), and End of Tape (EaT). The 
photosense and direction control logic use these tape posi
tions to generate the two drive status indications BOT and 
ROY. In the Forward direction, RDY is true between (LP) 
and (EW). At (EW) in the forward direction ROY will go 
false. Drive motion in the forward direction can continue 
until (EaT) is sensed. At (EaT) all forward motion is in
hibited and any attempt to conunand forward motion at 
(EaT) is ignored. In the reverse direction, ROY is true be
tween (EW) and (LP). At BOT, RDY will go false and BOT 
will go true. \\11cn BOT is true all reverse moti011 is in
hibited and any attempt to command reverse motion is 
ignored. The forward and reverse commands are captured 
by the run conunand flip flop (IC2). This Hip flop is con
ditioned by the F /R input and is clocked by the run input. 
The output of this flip flop controls the mode of the 4 bit 
bidirectional shift register. (i.e. In forward the status bit is 
shifted to the right, in reverse the status bit is shifted to 
the left.) 

The forward and reverse lines to the servo (IC 11 pin 6 is 
forward, IC6 pin 4 is reverse) are controlled by the com
mand flip flop and are gated by the appropriate status 
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signals to produce proper tape motion. (This gating mainly 
takes place in IC12). 

Forward = (Forward Command • (pC I • PC2 + 7 ms one 
shot) • RUN . EaT . INIT) 

Reverse = (Reverse Command· (PC I . PC2 + 7ms one shot) 
• RUN· BOT) 

The two one shots (IC I) are used for determining whether 
the photosensors are detecting the status holes in the tape 
or sensing whether the tape has run off the end in the cart
ridge. This is accomplished by the 7 ms and 15 ms timing. 
IC10 is an initialization flip flop. It sets on COT, which 
blocks all forward motion, resets on BOT or RST. 

3-2-9 SERVO ELECTRONICS 

The servo electronics consists of Reference Amplifier. Back 
FMF Amplifier, Switch Select, Switches, Error Amplifiers, 
and Drive Amplifiers. The Reference Amplifier provides 
speed reference voltage and proper voltage waveform for 
acceleration and deceleration on command from the 
Motion Control circuitry. The Back EMF Amplifier accepts 
the motor speed information from the motor bridge and 
provides output voltage level proportional to the motor 
speed. The Error Amplifiers, one and two, compare voltage 
levels from the reference and back EMF Amplifiers and 
provides output voltage levels proportionate to the differ
ence between them. The Switch Select compares voltage 
levels from Error Amplifiers one and two and detennines 
which Error Amplifier is on and sets the appropriate two 
stage transistor switch to the On position. Only one switch 
is on according to the comparison. The Driver Amplifiers 
one and two are two stage transistor amplifiers series regu
lator drivers which are driven by the Error Amplifiers. 
The output of these amplifiers drive the motor. The switch
es provide the complete path to ground. 

3-2-10 WRITE CIRCUITRY 

The Write Enable Section accepts the READ/WRITE Con
trol signal from the Drive Select Logic (ICI7, pin 13). If the 
READ/WRITE Control signal is low, drive is provided at 
the base of QI to drive it into conduction and write current 
is provided at the head center tap from the emitter of Ql. 
Collector voltage is provided through the nom1ally open 
contact of the Write Protect switch; therefore, head current 
can flow only if the cartridge slide switch is in the record 
position, regardless of the status of the READ/WRITE con
trol input. 

The Write Enable section also inverts the READ/WRITE 
Control input (lC16, pin 12) and uses this signal to enable 
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the READ DATA output (ICI3, pin 6) only if the READ/ 
WRITE Control input is high. 

The Write Head Driver section consists of two "AND" 
gates, which are enabled if the write mode is selected. 

One gate is· provided with the WRITE DATA and the 
other with WRITE DATA. The output of those two gates 
(ICll, pin 11, ICll, pin 3) are then routed to the open col
lector drivers (IC 1 7, pin 9 and pin 11) which drive the tape 
head. 

3-2-11 READ CIRCUITRY 

The Read Amplifier section accepts the low level read data 
from the tape head and amplifies this signal to a nominal 
2.0 V poP level (ICI8, pin 6). 

This amplified data is then clipped at a 28 percent level by 
the threshold detector (ICI9, pin 14) to remove any back
ground noise from the signal. 

The peak detector senses peaks in the amplified signal and 
produces a TTL compatible reproduction of the data (IC 19, 
pin 1). 

Table 3-1. Connector Pin Assignments 
Servo Electronics and READ/WRITE 

Amplifier PC Assembly 
CO 1 Connector 

ABBREVIATION 
USED ON 

SIGNAL SCHEMATIC PIN 

Beginning of Tape BOT 1 
Ready RDY 3 
Read Data RD 5 
Run Run 7 
Stop STP 9 
Read/Write Control RWC 11 
Write Data WD 13 
Forward/Reverse F/R 15 
Reset RST 17 
Enable Drive 0 ENO 19 
Enable Drive 1 ENI 21 
Enable Drive 2 EN2 23 
Enable Drive 3 EN3 25 
Ground GND 2-26 
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Table 3-2. Connector Pin Assignments 
Servo Electronics and READ/WRITE 

Amplifier PC Assembly 
JIA JIB Photocell Connector 

ABBREVIATION 
USED ON 

SIGNAL SCHEMATIC 

Photoce112 PC2 
Photocell 1 PCl 
Cartridge IN CIN 
File Protect FP 
Ground GND 
+12V Endsense +12V 
Key Key 
+5V +5V 
Write Protect WP 
Cartridge COT 

Table 3-3. Connector Pin Assignments 
Servo Electronics and READ/WRITE 

Amplifier PC Assembly 
J2 Head Connector 

ABBREVIATION 
USED ON 

SIGNAL SCHEMATIC 

Center Tap CT 
Head HD 
Head HD 
Shield SHLD 
Key Key 

Table 34. Connector Pin Assignments 
Servo Electronics and READ/WRITE 

Amplifier PC Assembly 
J3 Display Connector 

ABBREVIATION 
USED ON 

SIGNAL SCHEMATIC 

Select Select 
+5VOC +5VDC 
File Protect File Protect 
Ground GND 
Ready Ready 

PIN 

2 
4 
3 
5 
1 
9 
7 
6 

10 
8 

PIN 

3 
5 
1 
4 
2 

PIN 

2 
3 
4 
5 



Table 3-5. Connector Pin Assignments 
Servo Flectronics and R/W Amplifier PC Assembly 

J4A J4B Test Point Connector 

ABBREVIATION 
USED ON 

SIGNAL SCHEMATIC PIN 

Ground TPI 
Reference Amp Output TP2 
Read Amp Output TP3 
Back EMF Amp Output TP4 
Fwd Driver Amp Output TPS 
Rev. Driver Amp Output TP6 
Motor Bridge Output TP7 
Motor Bridge Output TP8 

Table 3-6. Connector Pin Assignments 
Servo Electronics and R/W Amplifier PC Assembly 

J 5 Motor Connector 

ABBREVIATION 
USED ON 

2 
3 
4 
S 
6 
7 
8 

SIGNAL SCHEMATIC PIN 

Motor 
Motor 
Shield 
Sensing Coil 
Key 

3-2-12 MAINTENANCE 
See Figure 3-6 

MTR 
MTR 
SHLD 
SENS 
Key 

3-2-12-1 Motor Control Alignment Procedure 
Motor Balance Adjustment 

4 
5 
2 
3 
1 

(a) Connect Motor cable to motor and motion control 
PC Board connector (J5). 

(b) The following test fixture should be constructed to 
properly balance the Servo Bridge. 

(c) The motor must be locked while balancing the Servo 
Bridge. This may be accomplished by inserting a cart· 
ridge into the deck. 

(d) With the test fixture applied to test points adjust R71 
balance pot to obtain zero volts on the VTVM read· 
out (iO.5 mv should be easily achieved). Rotate the 
motor shaft to insure balance is not at high resistance 
point. Remove power from the circuit board while 
making this adjustment. 

*Either of two types of Drive motors may be used on 
this drive. Measure the dc resistance of the motor to 
determine the correct parallel resistor. Measure be
tween TP6 and TP7. For Motors haVing 3.6 ohms de 
resistance use 120 ohms 1/4w resistor. For Motors 
having 2.4 ohms dc resistance use a 80 ohm resistor 
to achieve proper balance. 

The Servo Null Pot (R69) and the Motor Speed Adjust Pot 
(R70) will require adjusting whenever components are 
changed in the Reference or Back EMF Amplifiers. When· 
ever these adjustments are made, they should be made 
after the motor balance adjustment has been made. 

Reference Amplifier Null Adjust 

1. Connect a VTVM or digital voltmeter between test 
points TP2 and TP4, at J4 on the motion control 
board. 

2. Adjust R69 for zero volts (is mv) while the servo 
system is operational. Whenever the Null R69 is ad· 
justed, the speed adjustment should be checked. 

The speed of the motor may be measured by using 
a speed cartridge 3M Number 80·9200·0169·1 and a 
counter. Adjust R70 to give 24 KHz at pin 5 on the 
COl connector. Another method is to use a stop 
watch to time the length of the READY status out
put, while running a cartridge from BOT to EOT. 
56 seconds is the proper time interval. 

5::~_C __ ......j~ ____ --'~ I !*?....------~8 
I I I I I I I I ~ ~ R71 

ITP 1 2 3 4 5 6 7 8 I I : I I 0 
J4 A,B L_J L_.J 

Figure 3-6. Motion Control R/W Amp Circuit Board, Test Points and Adjustment Potentiometers 
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Table 3-7. Interface Pin Assignments 
C02 on Encode/Decode PC Assembly 

SYMBOL USED 
FUNCTION ON SCHEMATIC PIN 

Data 0 DATA 0 36 
Data 1 DATA 1 38 
Data 2 DATA 2 44 
Data 3 DATA 3 46 
Data 4 DATA 4 42 
Data 5 DATA 5 40 
Data 6 DATA 6 50 
Data 7 DATA 7 48 
Read Bus Enable RDBEN 18 
Interrecord Gap IRG 24 
Write Buffer Enable WBE 22 
Load Write Buffer LWRTE 4 
Read Buffer Full RBF 28 
Incomplete Character ICC 26 
Ready RDY 20 
Beginning of Tape BOT 30 
Reset RST 14 
Forward/Reverse F/R 12 
Run RUN 2 
Stop STP 16 
Read Write Control RWC 10 
Select 0 SEL-O 6 
Select 1 SEL-l 8 

3-3 ENCODE/DECODE PC ASSEMBLY 

3-3-1 DESCRIPTION 
See Figure 3-7 

The Encode/Decode PC Assembly provides a serial byte 
oriented (eight bit parallel) data interface for the user. 
During write operations the assembly accepts bytes to be 
written and converts these bytes to a serial bit stream in 
Variable Cell Width format (described in paragraph 3-3-2) 
for use by the Read/Write Amplifier PC Assembly. 

During read operations) the assembly accepts data from the 
Read/Write Amplifier PC Assembly in a TTL compatible, 
Variable Cell Width format and decodes this information 
into an eight bit byte (high for a "Zero", low for a "One") 
for output to the user. 

Further, the assembly contains an Interrecord Gap Detector 
and Error Detector with associated output flags. 

Also, the assembly contains a Select Decode function which 
allows one Encode/Decode Assembly to operate with up to 
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four Read/Write Amplifier Assemblies. The assembly also 
contains 220/330 ohm input line terminators and line 
drivers for all user input/output signals. See Figure 2-6. 

3-3-2 VARIABLE CELL WIDTH RECORDING 

Variable cell width recording derives its name from the fact 
that a given bit cell varies in width according to whether a 
"1" or a "0" is being recorded. As shown in Figure 3-8, a 
bit cell consists of two pulses, a timing pulse of length t 
followed by a data pulse of length t if the bit is a "0" or 
length 2t if the bit is a "1". 

I 1 I 11010101 110101 

---Ll ~DATA PULSE 
~ ~TIMING PULSE 

I 0 I 1 I 

I. BYTE 1 .I~ ICG~BYTE 2-+-

Figure 3-8. Variable Pulse Width Recording Format 

When writing data, the length of the timing and data pulses 
is derived from a crystal oscillator. Implementation of the 
read decode function is as follows: 

1. When the first transition of the timing pulse occurs, a 
counter is cleared and begins counting in a positive 
direction at frequency f (7.665 mHz). 

2. At the next transition, which ends the timing pulse, 
the counter begins counting in a negative direction at 
frequency 0.8f (6.132 mHz). 

3. At the final transition of the bit cell, the counter con
tents are sampled. Since counting in the negative 
direction is accomplished at a lower frequency when 
counting up, the counter will contain a positive num
ber if the recorded bit was a "0" and a negative num
ber if the recorded bit was a "1". 

This encode/decode technique can tolerate a total speed 
variation of ±20% in the drive mechanism without causing 
subsequent read errors or impairing the ability to inter
change data between drives. 

As shown in Figure 3-8, each stream of recorded data ends 
with a timing pulse so that this encode/decode technique 
may permit read reverse operation. Although read reverse is 
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not implemented in the DCD-l, the presence of this final 
pulse permits a form of error checking. During write opera
tion, the DCD-l generates an intercharacter gap after each 
8 bits; this gap has a length 4 times that of a timing pulse. 
During read operations, the counter contents are monitored 
and when the negative count indicates a data pulse of at 
least 2-1/2 times the length of the timing pulse, an inter
character gap is indicated. At this point the number of 
decoded bits in the output register is sensed. If less than 8 
bits are present the incomplete character flag is set to indi
cate the presence of a read error to the user. Reading may 
continue, however, as the decode function is resynchro
nized after each intercharacter gap. If the negative count 
indicates a data pulse of at least 6-1/4 times the length of 
a timing pulse, the interrecord gap flag is set. 

Table 3-8. Connector Pin Assignments 
Encode/Decode PC Assembly 

SYMBOL USED 
COl SIGNAL ON SCHEMATIC 

Write Data WD 
Read Data RD 
Ready RDY 
Reset RST 
F orward/Reverse FIR 
Run RUN 
Stop STP 
Read Write Control RWC 
Encode 0 ENO 
Encode 1 ENI 
Encode 2 EN2 
Encode 3 EN3 
Ground GND 

Table 3-9. Power Connector Pin Assignments 
Encode/Decode PC Assembly 

11 SIGNAL 

1+5 VDC 
Ground 

SYMBOL USED 
ON SCHEMATIC 

+5VDC 
GND 

PIN 

13 
5 
3 

17 
15 

7 
9 

11 
19 
21 
23 
25 

2-26 

PIN 

The maximum packing density used by the DCD-i is 2000 
frpi (a byte consisting of 8 "O's"); however, because of the 
nature of variable cell width recording, further discussion of 
cartridge capacity and drive data transfer rate is required. 
The following tables show these characteristics as a func
tion of recorded data. 
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Table 3-10. Cartridge Capacity as a Function of Data 
(256 Bytes/Block, 1 Inch IRG) 

DATA 

All Zeroes 
All Ones 
50% Zeroes, 50% Ones 

CAPACITY 

116,480 Bytes 
91,136 Bytes 

102,400 Bytes 

Table 3-11. Drive Transfer Rate as a Function of Data 
(30 ips Tape Speed) 

DATA 

All Zeroes 
All Ones 
50% Zeroes, 50% Ones 

TRANSFER RATE 

2857 Bytes/Sec. 
2069 Bytes/Sec. 
2400 Bytes/Sec. 

3-3-3 OPERATION (Refer to Fold Out Schematic, 
(Figure 4-7) 

The encode/decode PC assembly operates as described 
below. A write operations timing diagram (Figure 3-9) and. 
a read operations timing diagram (Figure 3-10) are included 
to aid the reader. 

3-3-3-1 WRITE ENCODE 

1. When the WRITE BUFFER EMPTY output flag is 
low the user places an 8 bit byte (high for a "Zero" 
bit, low for a "One") on the input and applies a low 
going pulse on the LOAD WRITE BUFFER input 
(IC24, pin 3). 

2. 

3. 

This pulse is inverted (IC24, pin 4) and is used to 
strobe the input byte into a buffer register (IC36). 
The same pulse is inverted again and used as an input 
to (IC 16) the write buffer empty set reset latch, caus
ing the output pin 3 to go low. This low level causes 
the WRITE BUFFER EMPTY output (IC37, pin 11) 
to go high and applies a low level to the J input of 
flip flop IC3. 

On the next clock transition, the Q and Q outputs 
,... <II ...... ,... .l"y,..,...... • ..... 1..... _______ .L! ___ 1 ..... "\ 

ot tne Illp nop VL-', pIllS -' ana L., r~spt::(';L1vtay" 

change state. The resultant low level on pin 3 is used 
(IC37, pin 12) to insure that the WRITE BUFFER 
EMPTY output remains high. The resultant high 
level on Q (IC3, pin 2) is used as a gate enable at 

ICI6, pin 4. 



IC29, PIN 8 (ENCODE CLOCK) 

WBE (lC37, PI N 111 
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Figure 3-9. Write Operation Encode Timing Diagram 

I 0 o I I 0 
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Figure 3 .. 10. Read Operation Timing Diagram 
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4. Up to this point, IC14 has been a free running count
er whose output was used to generate a short dura
tion pulse at IC 15, pin 6 every four clock periods. 
When IC3, pin 2 goes high, this pulse is gated through 
IC16 giving pin 6 a short duration low going pulse. 
This pulse clears IC27 and QD (IC27, pin 11) goes 
low, disabling the free running counter (ICI4). The 
pulse at ICI6, pin 6 is also used as a latch reset for 
ICI6, pin 2 and as the load input enable for the par
allel to serial shift register (IC26). The input data in 
the buffer (IC36) is thus loaded into the shift register 
(IC26). One clock period after the pulse occurs at 
ICI6, pin 6, IC3, pin 3 goes high and the WRITE 
BUFFER EMPTY output is enabled at IC37, pin 13. 

5. When IC27 is cleared, its low output at pin 11 is in
inverted at IC28, pin 6. This high level is used as a 
gate enable at IClS, pin 2 and at ICI7, pin 1 to start 
the encode function. 

6. When the encode circuit is enabled r IC2, pin 3 is low 
and IC2, pin 6 is high. This latter signal is fed back to 
IC2, pin 1 via an AND gate (IC 15, pin 11). One clock 
period later, the flip flop output (IC2, pin 3) changes 
state to the high level. If a "Zero" is to be written, 
IC26, pin 7 will be low. This level is inputted to ICI7, 
pin 13. The resultant high output is inverted at (IC28, 
pin 8) and the J input to the JK flip flop (IC2, pin 8) 
is held low and IC2, pin 6 remains high. The resultant 
high input to IC2, pin 3 causes IC2, pin 3 to change 
state once each clock period. This signal is inverted 
(IC28, pin 10) to form the Variable Cell Width Re
cording pattern for a "Zero" as described in Para
graph 3-3-2. 

If a "One" is to be recorded IC26, pin 7 will be high 
and the state of IC2, pin 8 will correspond to the 
level output at IC2, pin 3. In this instance, when IC2, 
pin 3 goes high, IC2, pin 8 also goes high. This causes 
IC2, pin 6 to switch low after one clock period. Be
cause during the first clock period (starting from 
IC26, pin 7 Switching high) IC2, pin 6 (and conse
quently IC2, pin 1) is high, IC2, pin 3 also switches 
low at the end of the first clock period according to 
the rules of operation for a J-K flip flop. 

This low level is applied to IC2, pin 8 and conse
quently IC2, pin 6 returns high at the end of the 
second clock period. Since IC2, pin 1 is low during 
second clock period, IC2, pin 3 does not switch at the 
end of the clock period 2 but remains low. The high 
input at IC2, pin 1 during clock period 3 causes IC2, 
pin 3 to switch low at the end of the third period. 
The signal at IC2, pin 3 is inverted at IC28, pin 10 
to form the variable Cell Width Recording pattern 

January 1978 3-12 

for a "One" as described in Paragraph 3-3-2. This sig
nal is low for one clock period then switches high for 
2 clock periods before switching low again. 

7. The compliment of the signal at IC2, pin 3 (lC2, 
pin 2) is routed to a shift enable circuit consisting 
of ICI (Dual J-K flip flop) and NAND gate IC16 
(pin 8). At the second low going transition on IC2, 
pin 2 (which occurs at the end of the first data bit) 
IC 1, pin 5 goes high to enable the NAND gate at 
pin 10, ICI6. The low level occurring at ICl, pin 6 
is fed back to ICl, pins 1 and 4 to .prevent further 
flip flop operation as a result of changes in logic 
state at IC2, pin 2. Thereafter, each time IC2, pin 
3 goes high, a low level occurs at ICI6, pin 8. The 
low going excursions occurring at ICI6, pin 8 are 
used to step the 8 bit counter, IC27, and to shift 
excessive bits out of the parallel to serial shift 
register (IC26). 

8. After eight low going transitions (ICI6, pin 8) the 
counter output (lC27, pin 11) goes high. This high 
level allows the counter comprised of the dual JK 
flip flop, ICI4, to count at the clock rate. Every four 
clock periods IC 14, pin 6 switches high and a high go
ing pulse is produced at IClS, pin 6. If during writing 
of a given byte, a second byte is entered into buffer 
register IC36, IClS, pin 4 will have been set high and 
the pulse at IClS, pin 6 will be gated through to 
ICI6, pin 6. The low pulse at ICI6, pin 6 causes 
operation to begin on the second input byte, com
mencing at step 4 above. The four clock period delay 
generates the required intercharacter gap between 
successive bytes. If another byte had not been en
tered during writing of the previous byte, ICI6, pin 
4 will remain low, no further operation will be initi
ated and the WRITE DATA output to the Read/ 
Write Amplifier PC Assembly will remain at the high 
logic state as required during an interrecord gap. 

3-3-3-2 READ OPERATIONS 

1. The READ DATA input from the read amplifier is 
applied to the read data Synchronizer (lC20, pin 1). 
Its compliment is applied to le20, pin 4. The syn
chronizer circuit generates a positive going pulse 
(IC22, pin 3) for each low going transition on the 
READ DATA input line. This circuit further inter
locks transitions of the READ DATA input to the 
output of the crystal clock so that subsequent read 
decode functions occur in proper timing sequence. 

2. The high going pulse at IC22, pin 3 clears the read 
decode counters (lC's 7, 8, and 9 (all outputs go 



low»; it pulses the shift input of serial to parallel 
converter (lC25, pin 8); and the low going trailing 
edge of the pulse steps the 9 bit counter (ICI3, pin 
14) of the Error Check Logic circuit. 

3. When the first low going transition on the READ 
DAT A input is shifted through the synchronizer, 
IC20, pin 2 goes high and the 7.665 MHz clock is 
enabled at ICI8, pin 8. This clock output, when 
enabled, is applied to the count up input of the up
down counters of the read decode circuit. The 
counters then count up at the clock frequency until 
the READ DATA input returns high. 

4. When READ DATA returns high, IC20, pin 3 goes 
high and the output of the clock divide circuit (IC 15, 
pin 8) is enabled (ICI9, pin 12). The clock divide 
circuit creates a low level (IC 17, pin 8) every fifth 
period of the clock. This low level is applied to IC 15, 
pin 10 to prevent every fifth clock pulse from appear
ing at IC 15, pin 8. The net result is that the clock 
used at the count down input of the up-down count
ers contains, per unit time, 0.8 the number of clock 
transitions as the count up clock input. 

5. During the timing pulse of a data bit, as described in 
Paragraph 3-3-2, the up-down counters (IC's 7, 8, 
and 9) will be counting up at the clock frequency. 
When the READ DATA input returns high at the end 
of the timing pulse, the counters will begin to count 
down at a rate which is 0.8 that of count up opera
tion. At the end of the data pulse, when READ 
DATA switches low, counter output (IC9, pin 7) is 
inverted and strobed into the serial to parallel register 
(IC25, pins 1 and 2) by the pulse generated at IC22, 
pin 3. This pulse also resets the counters. 

If the input bit to be decoded was a "Zero" the tim
ing pulse and data pulse would be of the same length 
as described in Paragraph 3-3-2. In this instance, the 
contents of the counters would be positive at the end 
of the data pulse and IC9, pin 7 would be at a low 
logic level. If the input bit was a "One", the data 
pulse would be twice as long as the timing pulse; at 
the end of the data pulse, the counter would contain 
a negative number and IC9, pin 7 would output a 
high level. 

6. When the ninth high going pulse occurs at IC22, pin 
3, both the 20 and 23 output bits of counter IC13 in 
the error check circuit go high. The high level at the 
23 output (pin 11) resets the interrecord gap latch 
and IC23, pin 8 goes high. This high level enables 
gates at the inputs to the latches for the READ BUF
FER FULL and INCOMPLETE CHARACTER flags. 

3-13 

Since these latches are not enabled until the first full 
byte is read, immunity to interrecord noise is pro
vided and precludes noise from appearing as data on 
the Read Data bus. 

7. The ninth pulse at IC22, pin 3 occurs at the start of 
the intercharacter gap, a timing pulse followed by a 
data pulse which is 4 times the length of the timing 
pUlse. When IC's 7, 8 and 9 reach a count of -128 (all 
counter outputs are high except for a low on IC8. pin 
7) a low level appears at NAND gate IC21, pin 8 
which in turn, creates a high level at IC22, pin 8. This 
high level causes buffer register (IC33) to be loaded 
with the contents of serial to parallel shift register. 
It also sets the read flag latch causing ICI0, pin 6 to 
go high; this level is inverted to form the low going 
READ BUFFER FULL output. 

If the counter (ICI3) had not reached a count of 9 
(eight bits were not present in the byte) when the 
intercharacter gap is sensed IC22, pin 8 goes high (as 
assumed in byte 2 of Figure 34), a low level is gener
ated at IC 19, pin 6. This low level sets the error flag 
SET/RESET latch and IC10, pin 8 goes high. This 
level is inverted at IC31, pin 12 to form the INCOM
pLETE CHARACTER output flag. SenSing the inter
character gap (high level at IC22, pin 8) also causes a 
high going pulse to occur at IC12, pin 6. This pulse 
clears the 9 bit counter (ICl3) of the error circuit. 

8. If the timing pulse in 7 above is at the end of a rec
cord, the counters, Ie's 7, 8 and 9 will continue in a 
negative direction. When a count of -512 occurs (all 
counter outputs are high except for a low on IC9, 
pin 2), a low level occurs on IC23, pin 3 which sets 
the interrecord gap latch and IC23, pin 6 goes high. 
This level is inverted at IC31, pin 4 to form the low 
going INTERRECORD GAP, output. The low output 
at IC23, pin 3 also disables the clock inputs to the 
up down counters at ICI9, pin 2 and at IC19, pin 9. 

9. After the READ BUFFER FULL output goes low, 
the user must apply a low going pulse of at least 50 
nanoseconds duration to the READ BUS ENABLE 
input. This pulse enables the tri-state data output 
gates (Ie's 32 and 34) and resets the read flag and 
error flag latches. 

3-34 INTERRECORD GAP TIME CONSIDERATIONS 

To insure the writing of proper length interrecord gaps, the 
following delays should be used. 

1. After commanding forward tape movement, delay 27 
milliseconds before entering the first data byte. 
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2. After writing (or reading) the last data byte, delay 5 
milliseconds before commanding a stop. 

3-3-5 WRITE FLAG TIMING 

When writing data, the following timing restrictions must 
be considered: 

1. When the first byte of data is strobed in, WRITE 
BUFFER EMPTY will go low again within from 
16.67 microseconds to 83.5 ~croseconds, depending 
on internal logic timing. 

2. The LOAD WRITE BUFFER input must be a pulse 
of at least 50 nanoseconds but no greater than 1.5 
microseconds. The LOAD WRITE BUFFER input 
must occur no sooner than 4 microseconds but prior 
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to 340 microseconds after WRITE BUFFER EMPTY 
goes iow. 

3-3-6 READ FLAG TIMING 

When reading data, the following timing restrictions must 
be considered: 

1. After the first byte is decoded, subsequent bytes will 
occur on the average, every 350 microseconds. 

2. The READ BUS ENABLE input must be held true 
for at least 50 nanoseconds for valid data to appear 
on the data bus. This input must occur no sooner 
than 20 nanoseconds after READ BUFFER FULL 
goes low. READ BUS ENABLE should return high 
within 200 microseconds of READ BUFFER FULL 
going low. 
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SECTION IV. PARTS LISTS, SCHEMATICS, AND PC BOARD LAYOUTS 

Parts List, DeD-l Mechanism Assembly 

INDEX NUMBER PART NUMBER DESCRIPTION QTY. 

I 81-1530-9670-6 Ejector Slide 1 
2 81-0930-9770-7 Spiral Pin - 3/32 DIA x 3/16 L 1 
3 83 -92604501-0 Screw - Mach., Pan Hd., 2-56 x 3/16 2 
4 83-92614201-5 Washer - Lock, Flat, Int. Tooth, #2 1 
5 83-9260-2001-3 Nut - Hex, Plain 2-56 x .188 WD 1 
6 83-9261-21324 Screw - Cap, Skt. Hd., 440 x 5/16 1 
7 83-92604507 -7 Screw - Mach., Pan Hd., 2-56 x .625 1 
8 81-2716-1860-5 Head - Single Track R/W 1 
9 81-1630-9870-0 Head Insulating Tape 1 

10 83-0003-09704 Cable Assy. Head 1 
11 81-0934-3480-1 Ball - Azimuth Adjust 2 
12 81-1432-6660-9 Screw 6-32 x 5/16 Pan Head 5 
13 83-0003-0993-6 Mechanism Base Assy. 1 
14 81-1330-9880-6 Spring - Eject Release Slide 1 
15 83-7270-0878-7 Ring - Retng., Ext., .113 Free Dia. 13 
16 81-0150-0008-6 Eject Button Assy. 1 
17 81-0930-9540-4 Ring - Retaining, Reinforced E 2 
18 83-9261-0071-6 Setscrew - Cup Pt., 8-32 x 3/8 2 
19 81-1330-97204 Motor Spring 1 
20 81-1332-1000-5 Spring - Azimuth 1 
21 81-09344680-5 Nut - Stop, 2-56 1 
22 81-0430-9620-5 Whiffle Tree Shaft 1 
23 81-0430-9790-6 Roller - Detent Lock Arm 1 
24 81-0330-9440-0 Release Rocker Arm 1 
25 83-0003-0985-2 Detent Lock Arm Assy. 1 
26 83-9261-2003 -7 Screw - Cap, Skt. Hd., 440 x 1/2 1 
27 81-1317 -7120-6 Spring Bank Item 1 
28 81-0430-9750-0 Shaft - Right Lock Arm 1 
29 83-7270-0876-1 Ring - Retng., Ext., .072 Free Dia. 4 
30 81-0430-9780-7 Shaft - Detent Lock Arm 1 
31 83 -0003 -0988-6 Rear Lock Arm Assy. 1 
32 81-0430-9570-2 Roller 2 
33 83 -0003 -0987 -8 Right Lock Arm Assy. 1 
34 81-1330-9930-9 Spring - Rear Lock Arm 1 
35 83-0003-0984-5 Right Lock Cross Bar Assy. 1 
36 81-0330-9830-2 Link Right Lock Arm 1 
37 83-0003-0969-6 Cable Assy. Motor 1 
38 81-0330-9480-6 Bottom Cover 1 
39 83-0003-09944 Motor Assy. 1 
40 81-0430-95504 Motor Pivot Shaft 2 
Ii 1 81-0334-3350-9 Retainer - Motor Pivot 2 "1'1 

42 83-0003-0990-2 Transfer Bracket Assy. 1 
43 83-0003-09894 Transfer Pivot Bkt. Assy. 1 
44 81-1330-9900-2 Return Spring - Transfer Bkt. 1 
45 83-0003-0986-0 Left Lock Arm Assy. 1 
46 81-0430-9760-9 Shaft - Left Lock Arm 1 
47 81-0330-94004 Link - Lock Arm 1 
48 83-0003 -0992-8 Right Guide Rail Assy. 1 
49 83-9260-2001-3 Nut - Mach. Screw Hex 2-56 2 
50 83-0003-0991-0 Left Guide Rail Assy. 1 
51 83-92604519-2 Screw - Mach .. Pan Hd. 440 x 5/8 1 
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· Assembly (Cont.) - .' DCD-l Mecharusm Parts LISt, 

INDEX NUMBER PART NUMBER DESCRIPTION QTY. 

2 440 x 5/16 
2 

Screw - Pan Hd., Hd 440 x I 83-92604514·3 
M h Pan ., Screw - ac., 

52 
83·92604522-6 53 

54 81·1530·9640·9 Front Bezel 1 
1 
2 Lug Hd 2.56 x 3/4 ) 
1 

83-9630'()085-2 

Screw - Pan "bly (includes item 50 

1 

55 
81·14344820-7 

End Sense Asse~ 

2 

56 
834930-3905-7 

W sher #4 PlastIc . 

2 
a S Actton OOA 

57 
81-0884-2440-8 

Switch - nap Sens FPTI 

1 
NPNPhoto 

58 
83·1550-6166·2 

TSTR - SI End TS1748 

59 
81-2712-7041-5 

2 5V Lens Lamp - . 
60 

81·2712·1310-0 61 
62 81-0430·9520·7 Was er-h Shoulder 1 14 15 
63 83-0003·1016-5 Head Oamp Assy. 

Dri e Unit, loded View, v Figure 4-1. ExP
hanicai 

Assembly 
Mec 

---
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R12 
CR2 
R13 
R 14 ____ ---.r-~ 

C6 ---L~---,=-=--"""",--

VR1 
R16 
R17 
R18 

INDEX NUMBER 

Cl 
C3 
C4 
C5 
C6 
CR2 

ICI 
J1A,IB 
LSI 
Ql,Q2 
Q3 
Rl,2 
R3,15 
R4,5 
R6 
R7 
R8, 9, 14, 
RIO, 11 
R12 

R13 
RI6,l7,18 
RI9 
SWl,2 
VRI 
Not shown 

R7 R6 R4 R5 J1A J1B R1 01 02 LS1 

~--C1 

R10 R9 RS R3 
SW1 SW2 

Figure 4-2. End Sense Amplifier Board Component Layout 

Parts List, End Sense Amplifier PC Assembly, 834930-3905-7, Issue F 

PART NUMBER DESCRIPTION QTY. 

83-15104648-5 Capacitor - Fixed, Film, 1 UF 100V 10% 1 
83-1510-2354-2 Capacitor - Fixed, Elc, 100 UF 16V 1 
83-1510-1024-2 Capacitor - Fixed, Ceramic, 1000 PF 1000V 10% 1 
83-1510-51204 Capacitor - Fixed, Mic, 500 PF 500V 5% 1 
81-1510-1075-4 Capacitor - Fixed Ceramic, .01 UF 10V 1 
83-1530-0083-7 Diode - SI Switching 1 N914 1 
83-1530-8307-2 IC - Quad Comp LM339N 1 
83-1610-1912-6 Connector - 5 Contact 2 
81·2712-1310-0 Lamp - 2.5V Lens End TS1748 1 
81-2712-7041-5 Transistor - SI, NPN Photo-Sens FPTl00A 2 
83-1530-2434-0 Transistor - SI, NPN Power-Dad MJE800 1 
83-9520-2223-0 Resistor - Fixed, Comp, 22M Ohm 1/4W 5% 2 
83-9520·2088-7 Resistor - Fixed, Comp, lK Ohm 1/4W 5% 2 
83-9520-2089·5 Resistor - Fixed, Comp, 8.2K Ohm 1/4W 5% 2 
83·9520-2167 -9 Resistor - Fixed, Comp, 39K Ohm 1/4W 5% 1 
83-9520-2132·3 Resistor - Fixed, Comp, 200 Ohm 1/4W 5% 1 
83-9520-2112-5 Resistor - Fixed, Comp, 10K Ohm 1/4W 5% 4 
83·9520-2195-0 Resistor - Fixed, Comp, 13M Ohm 1/4W 5% 1 
83-9520-2182·8 Resistor - Fixed, Comp, 300K Ohm 1/4W 5% 1 

83-9520-2162-0 Resistor - Fixed, Comp, 20K Ohm 1/4W 5% 1 
83-9520-2098-6 Resistor - Fixed, Comp, 2.7K Ohm 1/4W 5% 3 
83-9520-2238-8 Resistor - Fixed, Comp, 150 Ohm 1/4W 5% 1 
83-1550-6166-2 Switch - Snap Action 2 
83-1530-0465-6 Diode - SI Zener 6.8V 1 
83·0003·0991·0 Guide :Rail, Left, .A~sy 1 

J. 

83-9260-4501-0 Screw Pan Head 2-56 x 3/16 1 
81·1434·4820-7 Screw Pan Head 2-56 x 3/4 2 
83-9620-2001·3 Nut Mach, Screw Hex 2·56 2 
81-0884·2440·8 Washer #4 1 

o ® G) CD J1A 

@ ® 0 0 ® J1B 

COMPONENT SIDE 

C5 
500PF 

CR2 
1N914 

+12V 

13 

R12 
300K 

r I----+---+-~ 
R14 
10K 

VRl 
1N4736A 
6.8V ..... - .... 

R2 
+12V 22M 

R6 
39K 

R7 
200n 

-:-

Rl 
22M 

C6 
.01,.u 

+12V 

R3 
lK 

R4 
8.2K 

':' 

R5 
82K 

-: 

R13 
20K 

R11 
1.3M 

R10 
1.3M 

2 

+12V 

R17 
2.7K 

+12V 

A1a 
2.7K 

+5 

RS 
10K 

+5 

R9 
10K 

+l2VLAMP 

LSI 
TS 1748 

J1 
CARTRIDGE POSITION 
SWITCH 52 

IN N.O. 

CIN 

+12V 

i 
I 
I 

Pe2 
, N.C. 

+5V 

PC1 

+12V 

+ C3 
100"f - 16V 

-:-

Figure 4-3. Schematic, End Sense Amplifier 
PC Assembly 83-4930-3905-7 
Issue F 
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R88, C13, C14, 
R12, R13, R18 

R48, R49, RSO, 
C20, C21, C22, 
RS1, RS2, RS3, 
RS4,RS5 

:$~;l:.::":::'-R 86 

=E~~~~R44 

~~~~~~:'-R42 
==f"'~-..J:~- R41 

c:::::>C9 

Figure 4-4. Servo Electronics and Read/Write Amplifier Board Component Layout 
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Parts List, Servo Electronics and Read/Write Amplifier PC Assembly 83-4930-3904-0, Issue F 

INDEX NUMBER PART NUMBER DESCRIPTION QTY. 

Cl,6-10 83-1510-2307 -0 Capacitor - Fixed, Ceramic, .05 UF 10V 6 
C2 83-1510-6415-7 

I 
Capacitor"- Fixed, Tan, 2.2UF 3SV 10% 1 

I C3,28 ~B -15 10-6413 -2 Capacitor- Fixed, Tan, 1.0 UF 35V 10% 2 
C4, 5,11 83-1510-1024-2 Capacitor- Fixed, Ceramic, 1000 PF 1000V 10% 3 
C12 83-1510-5108-9 Capacitor - Fixed, Mic, 2000 PF 500V 10% 1 
C13.14 83-1510-1187-7 Capacitor - Fixed, Ceramic, .1 UF 50V 2 
C15 83-1510-5164-2 Capacitor - Fixed, Mic, 150 PF 500V 5% 1 
C16 83-1510-5263-2 Capacitor -- Fixed, Mic, 2 PF 500V 1 
CI7,19,30 83-1510-10754 Capacitor - Fixed, Ceramic, .01 UF 50V 3 
CI8 83-] 510-2355-9 Capacitor -- Fixed, E1c, 100 UF 16V 1 
C20 83-1510-6411-6 Capacitor -- Fixed, Tan, .47 UF 35V 10% 1 
C21,22 83-1510-6126-0 Capacitor -- Fixed, Tan, .18 UF 3SV 10% 2 
C23-27 83-15104649-3 Capacitor - Fixed, Film, .01 fJF 100V 10% 5 
C29 83-1510-5028-9 Capacitor -- Fixed, Mic, 470 PF 500V 10% 1 
C31 83-1510-1151-3 Capacitor -- Fixed, Ceramic, .01 UF 10% 1 
CRI 83-1530-0151-2 Diode - Rectifier 1 N4004 1 
Fl 83-7550-8159-9 Fuse - 2 Amp, Microfuse 1 
HSI 81-0930-9710-3 Heat Sink 1 
ICI 83-1530-8162-1 IC - Dual One Shot SN74123N 1 
IC2 83-] 530-8163-9 IC- Dual J-K SN74107N 1 
IC3 83-1530-8171-2 Ie -- Shaft Reg SN74194N ] 

lC4, 6,16 83-1530-8142-3 IC -- Hex Inverter SN7404N 3 
IC5,7 83-1530-8060-7 IC - Quad 2 Input NAND SN7400N 2 
IC8, 12 83-1530-8069-8 Ie - Dual 4 Input NAND SN7420N 2 
IC9,10 83-1530-8143-1 IC - Tri 3 Input NANDD SN7410N 2 
ICl1 83-1530-8168-8 IC -- Quad 2 Input AND SN7408N 1 
IC13, 15 83-1530-8333-8 Ie - Quad 2 Input OR SN7432N 2 
IC14 83-1530-8356-9 IC - Hex, Tri-State SN74125N 1 
IC17,20 83-1530-8174-6 IC - Hex, Inverter Buf SN7406N 2 
IC18 83-1530-8358-5 IC -- Op Amp 8 Pin Dip SN72748P 1 
IC19 83-1530-8307-2 IC - Quad Comp LM339N 1 
IC21 78-8032-2739-2 IC - Quad Op Amp LM324N 1 
lIA,IB 83-1610-1912-6 Connector - 5 Circuit 2 
J2,3,5,6 83-1610-19134 Connector - 5 Circuit 4 
J4A,4B 83-1610-1914-2 Connector - 4 Circuit 2 
.T7 83-1610-1915-9 Connector- 3 Circuit 1 
J8 83-1610-1916-7 Connector - 6 Circuit 1 
19 81-28174620-6 Connector - 2 Circuit 1 
PI,2 83-1610-1907-6 Plug - Jumper 2 
Q1, 7,8,12 81-2712-5290-0 Transisrof-- SL NPN Low Power 2N3416 7 

13,14,15 
Q2,3,6 81-2712-5530-9 Tran:sistor-- SL NPN 7553A 5 
Q4,5 83-1530-2424-1 Transistor --- SJ, PNP High Power MJE2955 2 
Q9,10 83-1530-2425-8 Tra!lsistor - SI, NPN High Power MJE3055 2 
Ql1 83-1530-2155-1 Transistor -- SI, PNP Low Power 2N3638A 1 
Rl, 3 83-9520-2164-6 Resistor, Fixed, Cmp, 24K Ohm 1/4W 5% 2 
R2,8,14,19 83-9520-2088-7 Resistor -- Fixed, Cmp, lK Ohm 1/4W 5% 10 

24,44,54, 
55,59,67 

R4 83-9520-20994 Resistor - Fixed, Cmp, 82 Ohm 1/4W 5% 1 
R5,86 83-9520-2107-5 Resistor -- Fixed, Cmp, 180 Ohm 1/4W 5% '1 

~ 
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Parts List, Servo Electronics and Read/Write Amplifier PC Assembly (Cont.) 

INDEX NUMBER PART NUMBER DESCRIPTION QTY. 

R6,75,81 83-9520-2132-3 Resistor - Fixed, Cmp, 200 Ohm 1/4W 5% 3 
R7 81-1520-7349-6 Resistor - Fixed, Film, 300 Ohm 1/2W 2% 1 
R9 83-95204144-6 Resistor - Fixed, Cmp, 510 Ohm lW 5% 1 
RIO 83-1520-7174-8 Resistor - Fixed, Film, 390 Ohm 1/2W 2% 1 
Rll,70 83-1520-1574-5 Resistor - Variable, Ceramic, lK Ohm 2 
R12, 13, 18 83-1520-7308-2 Resistor - Fixed, Film, 10K Ohm 1/4W 2% 3 
R15 83-1 520-725ge 7 Resistor - Fixed, Film, 20K O}un 1/4W 2% 1 

1 

R16 83-1520-0356-8 Resistor - Fixed, Film, ISO Ohm 1/4W 2% 1 
R17, 23, 29 83-9520-2112-5 Resistor - Fixed, Cmp, 10K Ohm 1/4W 5% 5 
37,38 
R20,21 83-1520-7282-9 Resistor - Fixed, Film, lK Ohm 1/4W 2% 2 
R22,4143, 83-9520-2096-0 Resistor - Fixed, Cmp, 3.9K Ohm 1/4W 5% 6 

84,85 
R25,26 83-9520-2152-1 Resistor - Fixed, Cmp, 4.3K Ohm 1/4W 5% 2 
R27,34 83-9520-2095-2 Resistor - Fixed, Cmp, 3.3K Ohm 1/4W 5% 2 
R28,35 83-1520-0500-1 Resistor - Fixed, Film, 499K Ohm 1/4W 1 % 2 
R30 /83-9520-2119-0 Resistor - Fixed, Cmp, lOOK Ohm 1/4W 5% 1 
R31,32 83-9520-2162-0 Resistor - Fixed, Cmp, 20K Ohm 1/4W 5% 2 
R33 83-9520-21794 Resistor - Fixed, Cmp, 180K Ohm 1/4W 5% 1 
R36 83-9520-2180-2 Resistor - Fixed, Cmp, 200K Ohm 1/4W 5% 1 
R39,40 83-9520-2172-9 Resistor - Fixed, Cmp, 82K Ohm 1/4W 5% 2 
R45, 46, 61, 83-1520-0501-9 Resistor - Fixed, Film, 15K Ohm 1/4W 1% 6 

63,65,66 
R47 83-1520-0502-7 Resistor - Fixed, Film, 68.lK Ohm 1/4W 1 % 1 
R48,49 83-1520-0503-5 Resistor - Fixed, Film, 47.5K Ohm 1!4W 1% 2 
R50,53 83-1520-0504-3 Resistor - Fixed, Film, 78.7K Ohm 1!4W 1 % 2 
R51 83-1520-0505-0 Resistor - Fixed, Film, 57.6K Ohm 1/4W 5% 1 
R52 83-1520-0506-8 Resistor - Fixed, Film, 158K Ohm 1/4W 1 % 1 
R56 83-1520-7220-9 Resistor - Fixed, Film, 220 Ohm 1/2W 2% 1 
R57 83-1520-7340-5 Resistor - Fixed, Film, 68 Ohm 1!2W 2% 1 
R58 83-1520-0507-6 Resistor - Fixed, Film, 54.9K Ohm 1/4W 1 % 1 
R60,62,64,68 83-1520-05084 Resistor - Fixed, Film, 243K Ohm 1!4W 1 % 4 
R69 83-1520-1568-7 Resistor - Variable, Ceramic, 20K Ohm 1 
R71 83-1520-1573-7 Resistor - Variable, Ceramic, 500 Ohm 1 
R72 83-1520-0509-2 Resistor - Fixed, Film, 2.74K Ohm 1/4W 1 % 1 
R73 83-1520-0510-0 Resistor - Fixed, Film, 221 Ohm 1/4W 1 % 1 
R74, 79 83-1520-7339-7 Resistor - Fixed, Film, 62 Ohm 1/2W 2% 2 
R76, 78 83-1520-7332-2 Resistor - Fixed, Film, 30 Ohm 1/2W 2% 2 
R77,80 83-95204132-1 Resistor - Fixed, Cmp, 120 Ohm 1 W 5% 2 
R82,83 83-1520-7342-1 Resistor - Fixed, Film, 82 Ohm 1!2W 2% 2 
R87 83-9520-2242-0 Resistor - Fixed, Cmp, 18 Ohm 1/4W 5% 1 
R88 83-9520-2111-7 Resistor - Fixed, Car, 4.7K 1!4W 5% 1 
R89,90 83-9520-2094-5 Resistor - Fixed, Car, 100 Ohm 1/4W 5% 2 
R91 83-9520-2098-6 Resistor - Fixed, Car, 2.7K 1!4W 5% 1 
DO'1 0'2 OC: ()£ Q'2 0C:'1(\ '11 -,C: £ Resistor - Fixed, Car, 300 Ohm Ij4W 5% 4 .1.,-, ... , ./.J, 7.J, 7V U-'-7-'~V-~ 1. -,-,-u 

R94 83-9520-2156-2 Resistor - Fixed, Car, 7.5K 1/4W 5% 1 
VRI 83-1530-0389-8 Diode - Zener 10.0V IN4708A 1 
VR2 83-1530-0377 -3 Diode - Zener 5.1 V IN4733A 1 
VR3,5 83-1530-0376-5 Diode - Zener 7.5V IN4737A 2 
VR4 83-1530-0428-4 Diode - Zener 3.6V IN4729A 1 
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Parts List, Encode/Decode PC Assembly 83-4930-3906-5, Issue C 

INDEX NUMBER PART NUMBER DESCRIPTION QTY. 

Cl, 2, 6,8, 83-1510-2307-0 Capacitor - Fixed, Ceramic, .05 UF 10V 7 

I 10-12 
C3,4 83-1510-1077-0 Capacitor - Fixed, Ceramic, .1 UF 10V 2 
C5 83-1510-1095-2 Capacitor - Fixed, DSC, 100 PF 1000V 20% 1 
C7 83-1510-1158-8 Capacitor - Fixed, Ceramic, 220 PF 1000V 10% 1 
C9 83-1510-1151-3 Capacitor - Fixed, Ceramic, .01 UF 200V 10% 1 
C13 83-1510-5103-0 Capacitor - Fixed, Mic, 330 PF 500V 5% 1 
C14 83-1510-1024-2 Capacitor - Fixed, Ceramic, 1000 PF lOOOV 10% 1 
ICI-3, 14,20 83-1530-8163-9 IC - Dual J-K SN74107N 5 
IC4 78-8005-8300-3 IC - 4 Bit Synchronizer Counter SN74163N 1 
IC5 83-1530-8359-3 IC - Crystal Oscillator MC 12061 P 1 
IC6, 11, 83-1530-8142-3 IC - Hex Inverter SN7404N 4 

24,28 
IC7-9 83-1530-8357-7 IC - 4 Bit Synchronizer Counter SN74193N 3 
IC10, 12, 83-1530-8060-7 IC - Quad 2 Input NAND SN7400N 4 

16,23 
IC13, 18, 83-1530-80664 IC - 4 Bit Counter SN7493N 4 

27,29 
IC15,22 83-1530-8168-8 IC - Quad 2 Input AND SN7408N 2 
IC17,19 83-1530-8143-1 IC - Tri 3 Input NAND SN7410N 2 
IC21 83-1530-8061-5 IC - 8 Input NAND SN7430N 1 
IC25 83-1530-8320-5 IC - Shift Register ParI Out SN74164N 1 
IC26 83-1530-8172-0 IC - Shift Register Pari Load SN74165N 1 
IC30 83-1530-8271-0 IC - Hex Buffer Driver SN7417N 1 
IC31 83-1530-8189-4 IC - Hex Inverter Driver SN7416N 1 
IC32,34 83-1530-8356-9 IC - Quad Tri-State SN74125N 2 
IC33,36 83-1530-8355-1 IC - Latch 8 Bit BSTBL SN741 OON 2 
IC35 83-1530-8242-1 IC -- Decoder Dua12LN4LN DM74155N 1 
IC37 83-1530-8341-1 IC - Quad 2 Input NAND SN7438N 1 
11 83-1610-1913-4 Connector - 5 Circuit 1 
J2 81-2817-4590-1 Socket -- 14 Pin Dip 1 
RI-3,5, 83-9520-2088-7 Resistor - Fixed, Comp, lK Ohm 1/4W 5% 9 
8-13 

R4,6,7 83-9520-2107 -5 Resistor -- Fixed, Comp, 180 Ohm 1/4W 5% 3 
R14 83-9520-2139-8 Resistor - Fixed, Comp, 510 Ohm 1/4W 5% 1 
RNI 83-1520-0492-1 Resistor - Fixed, Network, 330/220 Ohm 1 
Yl 81-2716-6011-0 Crystal, 7.665 MHz Fund Serial Resistor 1 
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Figure 4·7. Schematic, Encode/Decode PC Assembly 
83-4930-3906-5, Issue C 
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APPENDIX I. WARRANTY 

11 

DCD-l DATA CARTRIDGE DRIVE WARRANTY 

MINCOM DIVISION/DATA PRODUCTS, MINNESOTA MINING & MANUFACTURING CO. HEREINAFTER 
REFERRED TO AS 3M, WARRANTS THE EQUIPMENT COVERED HEREBY TO BE FREE FROM DEFECTS IN 
MATERIAL AND WORKMANSHIP FOR TWELVE (12) MONTHS FROM DATE OF ORIGINAL SHIPMENT TO 
PURCHASER. DURING THIS WARRANTY PERIOD 3M WILL REPAIR OR REPLACE DEFECTIVE EQUIP
MENT FOB ITS PLACE OF BUSINESS WITHOUT CHARGE TO PURCHASER. 

THIS WARRANTY APPLIES TO DEFECTS ARISING OUT OF NORMAL USE AND SERVICE OF THE EQUIP
MENT AS SPECIFIED BY 3M. THIS WARRANTY DOES NOT COVER ABNORMAL OPERATION OF THE 
EQUIPMENT, ACCIDENT, ALTERATION, NEGLIGENCE, MISUSE AND REPAIRS OR SERVICING PER
FORMED BY OTHER THAN 3M AUTHORIZED REPRESENT.ATIVES. PURCHASER SHALL UPON REQUEST 
BY 3M FURNISH REASONABLE EVIDENCE THAT THE DEFECT AROSE FROM CAUSES PLACING A 
LIABILITY ON 3M. IF THE DEFECT DID NOT ARISE FROM CAUSES PLACING A LIABILITY ON 3M, PUR
CHASER SHALL REIMBURSE 3M FOR EXPENSES INCURRED IN INSPECTING THE EQUIPMENT AT THE 
REQUEST OF PURCHASER . 

. THE OBLIGATION OF 3M UNDER THIS WARRANTY IS LIMITED TO REPAIR OR REPLACEMENT OF THE 
DEFECTIVE EQUIPMENT AND IS THE ONLY WARRANTY APPLICABLE TO THE EQUIPMENT. 3M SHALL 
NOT BE LIABLE FOR ANY INJURY, LOSS OR DAMAGE DIRECT OR CONSEQUENTIAL ARISING OUT OF 
THE USE OF OR INABILITY TO USE THE PRODUCT. NO CHANGES IN THE WARRANTY SHALL BE EFFEC
TIVE WITHOUT THE PRIOR APPROVAL IN WRITING OF BOTH PARTIES. THIS WARRANTY AND THE 
OBLIGATIONS AND LIABILITIES THEREUNDER SHALL REPLACE ALL WARRANTIES OR GUARANTEES 
EXPRESS OR IMPLIED ARISING BY LAW OR OTHERWISE. 

MW-DCD-l 

miNNESOTA miNING AND mANUFACTURING COmPANY 
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