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HIGH-LEVEL NEUTRON COINCIDENCE COUNTER
MAINTENANCE MANUAL

by

J. Swansen and P. Collinsworth

ABSTRACT

High-level neutron coincidence counter operational
(field) calibration and usage is well known. This manual
makes explicit basic (shop) check-out, calibration, and
testing of new units and is a guide for repair of failed
in-service units. Operational criteria for the major elec-
tronic functions are detailed, as are adjustments and cali-
bration procedures, and recurrent mechanical/electromechan-
ical problems are addressed. Some system tests are included
for quality assurance. Data on nonstandard large-scale in-
tegrated (circuit) components and a schematic set are also
included.

I. INTRODUCTION

1-6 have been written

During the past few years several reports and manuals
for the High-Level Neutron Coincidence Counter (HLNCC) electronics package.
Much of this information is duplicative. These reports give adequate informa-
tion on what is in the HLNCC shift-register electronics and how to use it for
normal applications, but they do not address the problem of checking out a new
unit or repairing a failed unit.

The present manual gives maintenance and check-out procedures for a new
or failed HEC-100 electronics unit. We assume that the basic information in
Refs. 1, 3, and 5 is available to the user. This report is addressed to the

electronics maintenance personnel rather than the normal HLNCC user, and it is



assumed that the reader is familiar with the instrument; for example, attendees
of a Los Alamos HLNCC maintenance school would usually have the requisite fa-
miliarity with the instrument.

This manual primarily deals with checking out a HLNCC electronics package
(HEC-100 counter/controller, HP-100 high-voltage junction and preamplifier box,
and accessory items) for proper operation. Secondarily, the information in the
manual is arranged to assist maintenance personnel in isolating problems to
major subcircuits. Illustrations of component locations are included as are
illustrations of selected waveforms; a schematic package is included to aid in
detailed troubleshooting.

II. VISUAL AND MECHANICAL INSPECTION

A visual and electromechanical inspection of incoming HLNCC systems is of
critical importance. Our experience has shown that operational problems can
be reduced, or avoided altogether, by simple inspection and remedial action.
Among the problems, in approximate order of importance, are

e improper shielding and discontinuous or high-impedance grounding, par-

ticularly in the preamplifier box, but also at other locations in the
analog section of the complete HLNCC system;

© noise because of failure to maintain cleanliness in the high-voltage and

high-impedance signal section of the preamplifier box;

o loose, missing, or improperly installed components, circuit boards, con-

nectors, and wiring harnesses;

® poor solder connections (that is, cold solder joints);

e improper component values; and

o faulty cable assemblies.

A1l six problem areas have been seen both in newly manufactured units and in
field (in-service) instruments.

A. Initial Steps
1. Unpack and check contents of shipping containers (Fig. 1).

2. Rotate and shake HEC-100 to check for loose components.
3. Rotate and shake HP-100 (preamplifier box).

¢
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Fig. 1.

Major HLNCC components and accessories as received, from manufacturer.
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HEC-100 counter/controller

HP-100 high-voltage junction and preamplifier box
HP-97 calculator (modified)

HP-97 accessories (attached interface cable, recharger,
paper tape)

HEC-100/HP-100 interconnecting cable
HP-100/HEXAPUS (detector) high-voltage cables
HEC100/HP-100 high-voltage supply cable

ac power cord

Manufacturer's HLNCC manual

HP-97 User's Manual

Extender board

Shipping crate




B. HEC-100
1. Remove top cover from HEC-100. Release clamp at rear of board as-

sembly.

2. Rotate and lock board assembly in vertical position (Fig. 2).

3. Remove boards. Boards (from front to back) are amplifier board,
shift-register board, and microprocessor board (Fig. 2).

4. Inspect boards for cleanliness, good solder connections, and missing

components.
5. Check the following shift-register board components (Fig. 3):
Component Should Be
C5 68-120 pF
ce2 220 pF

! m@hopabcessaﬁje@gf
, SHIFT REGISTER BOARD .-
. AMPLIFIER BOARD. . .

Fig. 2.
HLNCC with boards in upright locked position.

©
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Shift-register board.

7E (chip location) Texas Instrument 74LS74
4E (chip location) Motorola MC14557 AL or BAL {(not CP)
2E, 10 (chip location) Motorola MC14517 AL or BAL (not CP)

Check microprocessor clock (microprocessor board location 5E) fre-

quency Tabel; clock frequency must be 921.6 kHz.

Check the chassis interior for loose or missing screws and components.

Check the front and rear panels for loose or missing controls and com-

ponents.

Reinstall tne amplifier, shift-register, and microprocessor boards.

NOTE: 1ise caution in inserting boards because socket pins are easily
bent.



10. Check continuity from front panel ground test point to rear panel "AMP
INPUT" (J15) pins G and F.

C. HP-100 Preamplifier Box
CAUTION: High voltage may be present inside the box when disconnected

from high-voltage supply; there is no high-voltage bleeder re-

sistor in the box. If it is necessary to connect and operate
the box with the cover removed, caution must be taken.
1. Remove top cover from HP-100 (preamplifier box) (Fig. 4).
2. Short the high-voltage input connector (SHV) on the HP-100 preampli-
fier box to ground while working in the box interior (see preceding
cautionary note).

DETECTOR pA;a P.A.2 BOARD MOUNTING
' CHANNEL 1 A\ v | " SCREWS
CONNECTOR TN
' CHANNEL 2 CHANNEL 6
CONNECTOR

CONNECTOR

CHANNEL 3

y CHANNEL 5
couuecmn -..________

= CONNECTOR

B CHANNEL 4
-, BOARD." ——CONNECTOR
- . MOUNTING |
B P.A.6
vw ‘N — : e
TEST INPUT
» PREAMPLIFIER
. L.V; POWER IN
DESSICANT SIGNAL OUT
CONTAINER
™~ P.A.MODULE
Fig. 4.
High voltage junction and preamplifier box, HP-100.
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3. Check for (solder flux) residue on preamplifiers and main board;
boards must be clean.

4. Check main board mounting screws and box connectors (Fig. 4) for
looseness; check to see that preamplifiers are seated firmly.
Check for continuity from main board ground plane to connector shells.

6. Check desiccant for appropriate color (deep blue) and replace/reac-
tivate, if necessary.

7. Reinstall plastic foam keeper(s) and box cover.

D. Accessory Cables

1. Check the power cord for electrical and mechanical integrity.

2. Check grey (multiconductor) cable assembly strain reliefs and ground
lugs.

3. Check high-voltage cables for proper connector assembly (SHV) and

ITI.

cable type.

Cable Type
High-voltage supply cable RG59 or RG71
High-voltage detector cable RG71

DIGITAL SECTION CHECKS

There are seven procedures to test the digital section of the HEC-100.

The fo
®
®

@ o © ©

1lowing are the major features tested:
power supplies, HP-97, data transmission, and display;
input synchronizer and TOTALS (T) scaler;
reals + accidentals (R+A) and accidentals (A) gate functions and
scaling;
scaler display;
timer;
predelay function;
accidental gate delay shift register.

The coincidence circuitry test relies heavily on the use of a random pulse

genera
while

tor and correctly interpreting the resulting data. Periodic sources,
useful, are inadequate for testing the R+A and A-coincidence gates. Data

7



generated during the test should be recorded and logged for future reference;
a brief HP-97 program is provided in Sec. III.A for recording HEC-100 display
data. A second, more comprehensive test program referred to in Sec. III.E is
found in Appendix A, page 33.

The following test equipment is used in the digital section checks
(Fig. 5).

Tektronix TM506 (mainframe)

Tektronix SC504 oscilloscope (module)

Tektronix PG508 pulse generator (module)

Tektronix DC503A counter (module)

Tektronix DM502A DVM (module)

Los Alamos/Q-1 RP501.

A. Initial Setup and Power-On Check
This procedure provides initial tests of the power supplies, HEC-100 dis-

play, and microprocessor board. Two versions of resident (microprocessor)
software are available for the HEC-100 (PROM chip location E2, microprocessor
board). At power-on or microprocessor RESET, the software will transmit a test

Fig. 5.
Digital section test set.
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message to the HP-97; the message consists of simulated scaler data (TIME,
TOTALS, R+A, and A), which are loaded in HP-97 registers 1 through 4, followed

by an "A"

command that will start an HP-97 program at "LBLA." A test message

message occurs on the RS232 port at power-on/microprocessor RESET, if the

original software is resident. Below is a table of test messages.
HP-97 MESSAGE RS-232 MESSAGE
VERSION 1.2 444444 HLNCC
(original version) 3333333333 vi1.2
2222222222 12 JuL 78
IARRRRARRR
IRRRRRRRRE:
VERSION 2.1 543210 (NONE)
(remote control 9876543210
version) 9876543210
9876543210
0
The following are the RS-232 port requirements for a remote receiving device:
DATA RATE 300 BAUD
BITS/CHARACTER 7
STOP BIT 1
PARITY EVEN
MODE FULL DUPLEX for V 2.1; HALF DUPLEX (receive only) for
V1.2
1. HEC-100 initial conditions (Fig. 6).

LINE VOLTAGE SWITCH (REAR PANEL) 110 or 220 (Vac)

POWER (FRONT PANEL) OFF
HV (FRONT PANEL) OFF
POWER CORD UNPLUGGED

Measure continuity from power-cord ground to the HEC-100 chassis

before connecting to ac power.



| ‘ MICROPROCESSOR
oI N . ESET . ac LINE
A VOLTAGE

Fig. 6.
HEC-100 rear panel.

3. Connect HP-97 to HEC-100 (HP-97, J-14, rear panel).
4, Connect HP-97 to charger.

.

NOTE: Do not run HP-97 without charger when it is connected to

HEC-100.
5. HP-97 initial conditions.
POWER ON
RUN/PROGRAMN PRGHM
MAN/TRACE MAN
6. Enter the following program into the HP-97:
LBL A
FIX
DSP O

10
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10.

RCL 1

PRINT X

RCL 2

PRINT X

RCL 3

PRINT X

RCL 4

PRINT X

RCL 3

RCL 4

- (Subtraction)

PRINT X

f SPACE

Switch HP-97 from PRGM to RUN.

Turn on HEC-100 power. Observe that during test transmission the
HEC-100 readout 1ight is on, that the HP-97 prints a valid test mes-
sage, and that the HEC-100 display shows zeros in the two least sig-
nificant digit positions.

Measure between front panel controls and screws and ground-test point
for extraneous power supply voltages (#15 V, #12 V, 5 V); presence of
voltage indicates wiring error.

If a low-voltage dc power supply failure appears to have occurred, the
voltages may be measured on the "mother board" (as indicated on Fig.
7).

Input Synchronizer Check

This check tests synchronizer circuit performance. This circuit synchro-

cycles.
to prevent double pulsing and also tests TOTALS scaling and timer operation.

nizes input pulses to the HEC-100 clock. C5 is selected to minimize synchro-
nizer deadtime and prevent loading of an input pulse into adjacent clock

The check verifies that C5 is greater than the minimum value necessary

HEC-100 setup.

TIME (s) 1 x 10 (front panel)
MANUAL /RECYCLE MANUAL (front panel)
SELECT EXT. (rear panel, SW 10)

11



Fig. 7.
HEC-100 mother board: low-voltage dc power supply
test points.

2. Los Alamos/Q-1 RP501 module setup.

PERIODIC PULSE sw. 0.1 MHz
3. Connect RP501 "PERIODIC PULSE" BNC to HEC-100 "SR IN" (J-17)(Fig. 6.
4., Start the HEC-100 (depress RESET push button, then START push button).
5. Observations at completion of run.

SCALER DISPLAYED VALUE COMMENTS
TOTALS 1000000 (counts) +100 counts
COUNT TIME 10 (seconds) -

C. Scaler Check

This check tests that the nine digits of the TOTALS, R+A, and A scalers
count and display. Reconnect "SR IN" (J-17) to the RP501 "RANDOM PULSE" out-
put. Switch the Los Alamos pulser to 00 and start the HEC-100. Count for a
sufficient period of time to observe count accumulation in all digits of the

three scalers.

12
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D. Timer Check

This check tests that the HEC-100 TIME switches properly control timer

operation.
1. Set the HEC 100 TIME to 0 x 16° and press the START push button. The
HEC-100 should immediately switch to STOP and the displayed time

should remain at O.
. Set the HEC-100 TIME to 1 x 10°.
3. Start the HEC-100 and observe that it stops at and displays the set
time.
4. Repeat for 2 x 10° through 9 x 10°.

5. Repeat for 1 x 101, 1 x 107, and 1 x 10°. (Check 10°

and 105 setting

if time allows).

E. Gate and Adder Check

This check tests the HEC-100 coincidence circuit consisting of the shift-
register gate, gate length selector, gate up/down counter, R+A and A gate ad-
ders and latches, and associated logic. It also provides testing of R+A and A
scaling and additional testing of the TOTALS scaler, timer, synchronizer, and

HP-97 operation.
HEC-100 coincidence data are ultimately reduced to the difference between

the R+A and A scalers. When the instrument is checked with a random (non-
fissioning) source, the difference should be zero +w/2A (1o) and any consistent
offset is bias. For a random source, bias is defined as {[(R+A)-A]/A} x 100, a
percentage quantity that may be positive or negative. A properly functioning
instrument should have a measured bias of 0.01% or less.

A Los Alamos developed random pu]ser7 (module RP501) is used in this
check. Tests have shown that its effect on the HEC-100 digital section closely
matches the predicted effect of a true random source. About 3% rate difference
between the pulser setting and the TOTALS scaler will be observed at 128 kHz
because of the input synchronizer 0.5-us deadtime.

Enter the HP-97 program referenced in this check and listed in Appendix
A, page 33. [Its purpose is to expedite a go/no-go decision by reducing the
data variance to a level less than or equal to *10. Ten lines of numerical

data are printed.

13




Lines 1 through 5: Raw scaler data [TIME, TOTALS, R+A, A, and (R+A)-A].
Line 6 : Gate width calculated from TIME, TOTALS and A.
Lines 7 through 9: Percentage deviations of the measured data rates from

Y

a random-pulser-based reference rate expressed in
tenth per cent units.
Line 10 : A Reals vs Reals-error figure expressed in units of
sigma (o).
This program requires a minimum count TIME setting of 1 x 102 S.
1. Change random pulser setting to 07 (128 kHz).

2. HEC-100 setup.

TIME 1 x 102 (front panel)
GATE 8 us (front panel)
MANUAL/RECYCLE MANUAL (front panel)

3. Start the HEC-100. When HEC-100 stops, press READOUT to print the
result (NOTE: The printout will not correspond to the sample print-
out below if the Appendix A program is not entered). Acquire and
print several counting intervals if time allows.

4. The following is a typical example of the results printed on the
HP-97 (8-us gate).

E;igéggg __Quantity Tolerance/Comment
100 COUNT TIME (tc) Should agree with TIME setting.
12441158 TOTALS (T) Should agree with TOTALS display.
12388376 R+A Should agree with R+A display. 3
12380938 A Should agree with A display.
7438 (R+A)-A (R) /2R
{space)
8 GATE WIDTH (tg) Should agree with GATE setting.
(space) g
Dy* 0 * 5 (tenths per cent)
DR+A* 0 + 10 (tenths per cent)
-1 DA* 0 + 10 (tenths per cent)
1 Dp* 0 £ 3 (units of sigma)

*Refer to Appendix A for detailed description.

14
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5. Repeat 3 and 4 for the other GATE settings. R+A and A should increase
in proportion to the GATE setting, and the calculated gate width (tg)
should agree with the GATE setting.

F. Predelay Check

This check tests the predelay circuitry that provides a delay between the
R+A strobe and the R+A gate. The delay is necessary to prevent amplifier dead-
time from effectively shortening the R+A gate. The predelay is produced by a
variable length (64-stage) shift register and is set by a binary-coded switch
mounted on the shift-register board. Each predelay shift-register stage equals
0.5-us delay. There is an internal fixed 1-us offset that is added to the
switch setting. Total predelay (in us) = (sum of open switch settings) + 1.

The predelay is measured by putting a pulse pair into the instrument in-
put, observing the appearance of counts in the R+A scaler as the second pulse
is slowly separated from the first, and measuring the time delay between the
two pulses in clock-cycle (0.5 ps) increments at the synchronizer output
(TA2, shift-register board). This measurement will he facilitated by aligning
the pulse leading edge transitions with the oscilloscope graticule lines. The
accidental scaler may be ignored during this check.

1. PG508 pulser setup.

MODE DOUBLE PULSE (delay and undelay push-button
switches IN)

DURATION 0.1 us (CALIBRATED)

DELAY <1 ups

PERIOD (rate) 0.1 ms (50% UNCALIBRATED)

OUTPUT (volts) . #3 to 45V

Check pulse pair on scope (Fig. 8).
Connect the pulser output to HEC-100 "SR IN" (J 17).
2. SC504 oscilloscope setup.

VERTICAL 2 V/div.

HORIZONTAL 0.5 to 2 ps/div.

Connect oscilloscope probe to TA2 (shift-register board)(Figs. S and
10).

15
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_02u/DIV |

Fig. 8.
Predelay check step 1; PG508 output.

HEC-100 setup.

TIME Arbitrarily long initially

MANUAL/RECYCLE MANUAL

PREDELAY A1l closed (initially) (shift-register board)
(a) START HEC-100.

(b)
(c)
(a)
(b)
(c)

(d)
(e)

Slowly increase PG508 "DELAY" until R+A scaler just begins to
count.

The delayed pulses should now begin to fall in the third 0.5-us
cycle (Fig. 11).

Increase the delay until all delayed pulses fall in the third or
fourth cycle (Fig. 12).

Set HEC-100 time to 1 x 10° s.

Restart HEC-100 and count for 1 s.

Observe that Totals = 2(R+A) precisely.

This tests the 1-us internal minimum predelay.
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Fig. 9.
Predelay <check step 2:
SC504 connected to TAZ2.

Fig. 10.
Predelay check step 2: synchronizer output at minimum
predelay; no R+A counts.
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<
0.5 us/DIV

Fig. 11.
Predelay check step 4(c): synchronizer output at slightly
increased delay; R+A scaler starting to count.

> <
0.5 us/DIV,

Fig. 12.
Predelay check step 5(a): synchronizer output with all
delay pulses in third/fourth clock cycle; R+A count equals
one-half totals count.

18



6. Repeat steps 4 and 5, opening the predelay switches (0.5 to 16 us)
in turn and increasing the PG508 delay to satisfy 4(b). Further in-
crease the delay as @as done in 5(a) and observe that the condition
in 5(d) is met. The increase in delay will be precisely two clock
cycles per microsecond of switch setting.

7. Return the predelay switch setting to 3.5 us for a total of 4.5 us
of predelay (Figs. 13 and 14). This completes the predelay check.

G. Accidental Delay Check
This check tests the 1024-us delay between the R+A and A gate strobes

by direct measurement. The DC503 counter/timer module is used for the
measurement and the instrument input is supplied by the PG508 pulser. The
HEC-100 must be counting during this test.
1. PG508 pulser setup.
MODE Undelayed (single pulse)
PERIOD (rate) 20 ms (50 Hz)

. PREDELAY
{ SWITCH

| SET FOR
§ 45 ps Lo
| (3.5 4is SWITCH
[+ 1usINT) |

" (OPEN = SET)

@

Fig. 13.
Predelay check step 7; predelay switch setting at end
of predelay check.
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Fig. 14.
Predelay check step 7; SC504 presentation of delay pulse at
4.5 us and predelay set for 4.5 us..

DURATION 10 us

OUTPUT (volts) +3 to +5 V
Connect pulser output to HEC-100 "SR IN" (J17).
DC503 counter/timer setup.

FUNCTION TIMA~>B
TIMING 100 ns
Ch. A and Ch. B SLOPE +

Ch. A and Ch. B ATTEN x1

Ch. A and Ch. B COUPLING DC

Ch. A and Ch. B SOURCE EXT
START/STOP START

Using oscilloscope probes (x1 probe, if available), connect Ch. A to
TBS (shift-register board) and Ch. B to TB7 (shift-register board).
START the HEC-100 (with a "long" TIME setting).

Temporarily switch to "freq. A" on the DC503; find the minimum (ccw)
and maximum (cw) A LEVEL settings at which the DC503 properly counts
(50 Hz); set A LEVEL midway between these points. Temporarily
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switch to "Period B" on the DC503 and set B LEVEL using the same pro-
cedure (measuring 20 ms). Return the DC503 function switch to TIM
A-> B.
5. Observe a time interval of 1024.C + 0.1 us on the DC503.
This completes the digital section checks.

IV. ANALOG SECTION CHECK-OUT AND CALIBRATION

Several procedures are detailed for testing, calibrating, and verifying
the operation of the HEC-100 analog section and the HP-100 preamplifier box.
The major subsections and parameters of interest are

e high-voltage power supply voltage calibration, noise, breakdown

o detectors (6 each) noise, breakdown

o preamplifiers (6 each) noise, gain, pulse shaping

o amplifiers (6 each) noise, gain, pulse shaping

¢ discriminator/OR gate pulse timing and voltage Jevels

Tn= usual practice is to calibrate and check the system as a whole. Changing
any of the above elements may necessitate recalibration.

Noise control is of prime importance for proper operation of the instru-
ment; noise problems have been a major source of instrument downtime. The
following types of noise have been encounterad:

o electromagnetic radiation (RFI, line transients, etc.);

e high-voltage breakdown (faulty components);

e printed circuit board surface leakage (dirty boards, humidity, etc.);

e ground loops and power supply noise.

The major sources of these problems have been improper grounding and shielding,
and failures in maintaining board cleanliness. Several figures illustrating
noise have been included on page 23.

Because detector sensitivity is about 1%/V, high-voltage calibration re-

quires care.
The following test equipment (Fig. 15) is used in the analog section pro-

cedure:
Tektronix TM506 mainframe
Tektronix SC504 oscilloscope module
Tektronix DM502A DVM module

Los Alamos high-voltage supply module
21
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Fig. 15.
Analog section test set.

Setup and Mechanical Adjustment

With ac power (PWR sw., front panel) off, interconnect 3He detector,
HP-100 (preamplifier box), and HEC-100 with supplied cables.

Rotate HVY and DISC V knobs (front panel) to minimum and observe dial
reading of 0.00. If dial is not at zero, loosen the knob(s) set
screw(s), set the indicator to 0.00, and retighten the set screw(s).
Set the HV and DISC V knobs to 7.50 (1500 V) and 3.00 (1.5 V), re-
spectively. Switch POWER to ON. Switch SELECT (sw. 10, rear panel)

Using the SC504 oscilloscope, check each amplifier front panel test
point. Observe that base-line noise is less than 1 V peak-to-peak
(Figs. 16 and 17). Noise greater than 0.5 to 1 V peak-to-peak is
usually a result of loose mounting screws in the HP-100 preamplifier
box or other grounding problems.

Discriminator Calibration

Connect the DM502 (DVM) between the (front panel) DISC V test point
and the ground-test point. Observe a reading of 1.500 V on the DVM.

A.
1.
2.
3‘
to INT.
B. Noise Check
1.
C.
1.
22
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SWITCHING (P.S.) TRANSIENTS
X OTHER NOISE (HIGH LEVEL)

UNACCEPTABLE
NOISE LEVEL
(- 1VP/PK) _‘

~

Fig. 16.
Analog check B: unac-
ceptable and marginally
acceptable noise levels.

H
3
¢

j 0.5V/DIV.

MARGINAL z
NOISE LEVEL ..

~0:5V/DIV.
Fig. 17.

Analog check B: accept-
Ml able noise level.

—p both @-
10 us/DIV.

s o o i tibs i et i ea e o e Lot st b B it e Bl

"SLOWER TRACE —02V/DIV.

4
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If DVM reading is not 1.500 V, do step 2; otherwise, go to D.
2. Adjust R1, the forward potentiometer on the HEC-100 high-voltage sup-
ply board, for 1.500 V = 0.001 V at the DISC V test point (Fig. 18).

Fig. 18.
Discriminator, high voltage, and high-voltage test
point calibration potentiometers.

D. High-Voltage Power Supply Calibration
NOTE: Two procedures are provided for high-voltage calibration: Pro-

cedure 1 uses a neutron source and Procedure 2 does not use a
neutron source. In addition, Procedure 1 incorporates amplifier
gain calibration as an integral part of the procedure, whereas
Procedure 2 reduires a separate gain calibration. Procedure 1 is
recommended strongly as the preferred method (assuming that a
source is available) because of accuracy.

Procedure 1: High-Voltage and Amplifier Calibration with Neutron Source

1. Connect Los Alamos high-voltage power supply module to HV IN on
HP-100 (preamplifier box) and set to 1500 V. Switch high-voltage
module on.
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Place (neutron) source in detector.

Adjust pole zero potentiometers (Fig. 19) to maximum in direction

that gives bipolar pulse at amplifier front panel test points

(Fig. 20).

NOTE: Maximum may be either cw or ccw, depending on the instrument.
Later models have no pole zero adjustment.

Adjust each amplifier gain potentiometer (at midsection of analog

board (Fig. 19) to center the amplifier peak pulses at 6 V (Fig. 20).

NOTE: Observe the amplitude level carefully as it is the reference
level for high-voltage calibration.

-
oy

Fig. 19.
Location of gain and pole zero adjustment potenti-
ometers (amplifier board).
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WAVE SHAPE™

Fig. 20.
Properly adjusted amplifier output front panel test point
presentation on SC504. (vertical scale = 2 v/div.)

Switch HEC-100 high-voltage switch ON, disconnect high-voltage cable
from high-voltage module, and immediately connect it to HEC-100 HV
OUT (SHV, rear panel).

Observe amplifier pulse level. If it has changed, adjust R2 on high-
voltage board (center potentiometer, Fig. 18) to bring the level back
to 6 V. Switch the high-voltage cable back and forth from the HEC-100
high-voltage output to the Los Alamos high-voltage module output
several times, observing an amaplifier test point and adjusting R2
until no gain change is seen. Final high-voltage connection should
be from HEC-100 internal supply.

Connect the DM502A (DVM) to HV/1000 and ground-test points.

Adjust R3 on high-voltage board (rear potentiometer, Fig. 18) to give
a reading of 1.500 V = 0.001 V on the DVM.

Recheck gain on all amplifier channels and readjust to 6 V, if neces-
sary. Base-line noise should not exceed 0.5 V peak-to-peak at this
time (Fig. 17).

- |-r~1“>*-\ - O e T e N O E T s A S e T e E -t



B ) &) R A K OR) K OB OB OE) &) & K ORI O] W

W IE_JGijr*_J

/

Procedure 2: High-Voltage Calibration Without Meutron Source

1. Turn HEC-100 PWR switch ON.

2. Turn high-voltage switch OFF.

3. Connect high-voltage cable from Los Alamos high-voltage module to
HEC-100 HV OUT.
Set Los Alamos high-voltage module to 1500 V and turn on.
Connect DM502A (DVM) to HV/1000 (front panel) test point and ground-
test point.

6. Adjust R3, on high-voltage board (rear potentiometer, Fig. 18) for a
DVM reading of 1.500 V + 0.001 V.

7. Disconnect the Los Alamos power supply from HEC-100; turn on HEC-100
HV.

8. Adjust R2 [middle potentiometer, HEC-100 HV board, (Fig. 18)] until
DVM again reads 1.500 V + 0.001 V.

Procedure 3: Amplifier Calibration Without Source

USAGE NOTE: The following procedure is not recommended for field usage
at this time. Due to detector gain variations, an absolute system gain cali-
bration is not possible using a pulser. It is possible, however, to match the
gains of the 6-channel amplifier board; the gains can then be raised or lowered
simultaneously by adjusting the high voltage. This method is under investiga-

tion for system calibration.

PROCEDURAL NOTE: This amplifier gain calibration is done by injecting a
calibrated charge into each preamplifier input with a battery-operated pulser.
It has been calibrated to provide the appropriate input for a 6-V amplifier
pulse. Battery condition is determined by output pulse rate; when the rate
drops to 2500 Hz, the battery should be replaced.

1. Turn high-voltage switch off.

2. Disconnect six SHV cables from detectors.

3. Connect six SHV cables to pulser box.

4. Connect oscilloscope to Ch. 1T "AMP" test point.

27



5. Adjust gain potentiometer (center of board on right-hand side) for a
6-V output.

5. Repeat 4 and 5 for Ch. 2 through &6, using the appropriate "AMP" test
pnint and gain potentiometer.

£ One-Shot and OR Gate Check

Using either a source input or the awplifier gain calibration pulser and
the SC504 oscilloscope, verify that a 150-ns transistor-transistor logic (TTL)
pulse is present at TEST POINTS 1 through 7 (Figs. 21 and 22), bhottom of am-
plifier board. TEST POINTS 1 through & are the individual channel one-shots
and are inverted (TTL) logic; TEST POINT 7 is the OR gate output and is posi-
tive (TTL) logic.

This completes the analog section calibration and check procedures.

- -w.....ﬁtu -

i
—
i

Fig. 21.
One shot and/or gate pulse presentation on SC504; amp board
test points 1 through 7.

28

a——Y BFE

1’5

s [ il T [ el T T o a [ ke [ ameal -y } amal - - o



Fig. 22.
Amplifier board one shot and/or gate test points.

V.  SYSTEM OPERATIONAL CHECKS

These checks should be done when possible; the results of the tests should
be recorded for each system for reference (and to compare present with past
performance).

A. Efficiency Check

1.

For each system, using a detector complete with end caps/plugs, and
with HEC-100 GATE at 32 us and predelay at 4.5 us, measure:

a. background totals rate (ﬁ) (no source present),

b. totals rate (;) (using 252
c. reals coincidence rate (i = (R;A)-A) (using

Compute R/(T-B). This is a system efficiency measure and it should

Cf source), and

252Cf source).

be recorded for future reference and compared with previous results
(if any).
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B. Bias Check
For each system, measure a (known random) AmLi source for a period long

enough to determine system bias. Bias = R/A x 100. (For a 0.01% level of
bias, the statistical error must be smaller than 0.01% to make the determina-
tion valid. This requires at least 1 x 10° accidental counts.) Once again,
record (and compare) the test results.

C. Electromagnetic Interference (EMI) Check

Perform an EMI test using the Los Alamos supplied noise source or other
source (Tesla coil, etc.). The test checks cable and preamplifier shielding
integrity. It has been useful in finding faulty cables, anodizing on connector
holes, etc. Basically, the test consists of attempting to induce spurious
counts in the instrument by generating high Tlevels of transient (EM) field
around the instrument, particularly around the detector/preamplifier box as-
sembly and the associated cables. At present, only comparative tests will
produce meaningful results, and relatively great tolerance must be used in in-
terpreting the results. To perform the test, start the HEC-100; move the
"noise" source along each detector cable at a close distance (~1 cm) while
observing a totals scaler. Ignore both R+A and A scalers during this test.
Differences in induced rate, channel to channel, of less than 10 to 1 should
be ignored, particularly if not repeatable. If large (repeatable) differences
are observed, substitute another cable, component, or HP-100 preamplifier box
in an attempt to isolate the problem. The preceding test procedure is an ex-
ample; the technician may devise alternative procedures that produce useful
results. It should be emphasized that the results of these procedures can be
and often are ambiguous. Practice will improve the technician's ability to
determine whether the results indicate a real problem and to determine the ap-

propriate corrective action.
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APPENDIX A

RP501 GATE AND ADDER TEST PROGRAM

This program, in conjunction with the RP501 random pulser, provides a
method for rapid testing of the TOTALS, R+A, and A counting, and the readout
circuitry. To eliminate the need to interpret counting statistics, the mini-

mum recommended counting time is 1 x 102 S.

At a thumbswitch setting of 07 (128 kHz), the RP501 should count
124461 t1o TOTALS counts/s in a properly operating HEC-100. This refer-
ence constant (M) is already stored in the program. Measured data are com-
pared with data that are calculated using this reference.

Shown below is an example of a printout from this program.

HP-97 Printout Quantity
100. Fkx tc = count time
12441158, *** T = TOTALS scaler count
12388376. ***  R+A = REALS + ACCIDENTALS scaler count
12380938. *** A = ACCIDENTALS scaler count
7438, *** R = (R+A) - A
B oxx g - (At_/T%) x 10°; calculated GATE WIDTH in micro-
seconds
0., *** DT = 1000[(T/M)-1]; fractional T deviation expressed in
0.1% units
0. **%  Dp,, = 1000(L(R¥A)/M’ t (5)]-1}; fractional R¥A devia-
tion expressed in 0.1% units
= I Dy = 1000{[A/M2tg(s)]-1}; fractional A deviation expressed
in 0.1% units
1., *** DR = R/J(R+A)+A; fractional error in R expressed in 1-o
units

Normally, the last four lines of the printout are sufficient to determine
if the counter is functioning properly. The last four numbers of the printout
should be 0 or within the following tolerances:
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D, =15
Dpap = *10
Dy, =10
Dg = *3

These tolerances were determined empirically from experience and are necessary
to allow for the influence of capacitor C5 on the digital deadtime. If DT’
DR+A’ and DA are consistently outside of tolerance, check capacitor C5 on
the shift-register board first; it should have a value of 68 to 120 pF. An
integrated circuit (7E) on the same board should be a Texas Instrument 74LS74.
If D, 1is consistently outside of tolerance, check D, and tg, or

R A
DR+A’ to determine whether the R+A or the A scaler is counting incorrectly.

Program Listing -- GATE and ADDER Test

001 *BLA 21 11 Reference constant (M)
002 1 01
003 2 02
. 004 4 04
005 4 04
006 6 06
007 1 01
008 STO7 35 07 Stored in R-7
009 FIX -11 Fix display to show integers only"
010 DSPO  -63 00
011 RCL1 36 01 Printout of raw data
012 PRTX -14 tc
013 RCL2 36 02
014 PRTX -14 T
015 RCL3 36 03
016 PRTX -14 R+A
017 RCL4 36 04
018 PRTX -14 A
34
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019 RCL3 36 03

020 RCL4 36 04

021 - -45

022 ___PRTX ___ -14 o (RA) A

023 SPC 16-11 Space

024 RCL4 36 04

025 RCL1 36 01 Calculate GATE width

026 X -35

ne7 RCL2 36 02

028 x? 53

029 : _24 by fus) = A t/T% x 10°

030 EEX -23

031 5 Ja

032 X -35

033 PRTX -14 Print tg in microseconds

034 RND 16 24

035 EEX -23

036 CHS -22 Round off

037 6 06

38 X -35 Convert tg to seconds, that is, tg (s)

039 STO8 35 08 Store it in R-8

040 skC__ le-11 _oSpace
041 RCL1 36 01 Convert measured T, R+A, and A to RATES and
042 STO+2 35-24 02 store in R-2, R-3, and R-4, respectively
043 ST0:3 35-24 03

044 STO:4  35-24 08

045 RCL7 36 07 Calculate reference "R+A" and "A" rates (witih
046 RCL7 36 07 random source--they are the same)

6a7 RCL8 36 08

048 X -35

049 X -35 (R+A) or A = t,

050 ST09 35 09 store result ipR-¢
051 RCL2 36 07 Calculate DT = 1000{(T/M)-1]

052 RCL7 36 07

by  eses 2312 | Print D, expressed in 0.1% units
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054 RCL3 36 03 Calculate D(R+A) = {[(R+A)/M2tg(s)]-1}
055  RCLY 36 09 E
056 GSBB 23 12

Print D,R +A) expressed in 0.1% units E
057 RCL4 36 04 Calculate Da {[A/M t (s)] 1}
058 RCLY 36 09
059 GS8B 23 12 E

Print D, expressed in 0.1% units
060  RCL3 36 03 - .
061 RCL4 36 04 Calculate
062 - -45 E
063 RCL3 36 03
064  RCL4 36 04 = R/ V{R+A)+A |
065 + -55 E
066 VX 54 ‘
067 + -24 E
068 RCLY 36 01
069 VX 54 E
070 X -35
07N RND 16 24 Print DR expressed in 1-0 units ﬁ
072 PRTX -14
073 SPC 16-11 .
074 SPC 16-11 i
075 R/S 51 J
076 *LBLB 21 12 ﬁ
077 3 -24
078 1 01 Convert ratios of x and y to 0.1% increments E
079 0 00 and print
080 0 00 E
081 0 00
082 X -35 [
083 1 01 E
084 0 00
085 0 00 é

!
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086 0 00
087 - =45
088 RND 16 24
089 PRTX -14
090 RTN 24
091 R/8 51

Switch calculator back to Run after entering Program.
card for future use.

Then record program on
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APPENDIX B

NEW 1-K PROM FOR COINCIDENCE COUNTER ELECTRONICS PACKAGE

This document was produced by J. E. Swansen in conjunction with a new 1-K
PROM that offers the operator of the HLNCC the capability of controlling the
instrument by computer in addition to the previously used control methods,
which were simple manual and recycling control modes.
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A NEW 1-k PROM FOR THE COINCIDENCE COUNTER ELECTRONICS PACKAGE

by

J. E. Swansen

ABSTRACT

A new programmable read-only memory (PROM) for the Los
Alamos-designed neutron coincidence electronics package is
described. The new 1-k PROM allows remote control of the
electronics by a computer or a remote terminal through an
RS-232 serial data port. No modifications of the existing
unit are required.

1. INTRODUCTION

The portable high-level neutron coincidence counter (HLNCC), the active
well coincidence counter (AWCC), and a variety of in-plant neutron counters
have been accepted as useful tools for the nondestructive assay of fissionable
materials. The electronics package used to operate these detectors consists
of a high-voltage power supply, six amplifiers, a shift-register coincidence
circuit, and four scalers. This package was designed at Los Alamos National
Laboratory and is commercially available through IRT Corporation, San Diego,
California.

Although the electronics package was originally designed as a stand-alone
instrument with only a front-panel display, modifications were added . after
several users showed interest in controlling the instrument remotely. The in-
strument was first modified to send data to a Hewlett Packard HP-97 program-
mable calculator for local data processing. This modification was implemented
by interfacing a small Motorola MC6800 microprocessor system to the existing
hardware. In addition to providing data readout capability, this interface al-
Tows processor control of the basic hardware functions: start, stop, and re-
set. A recycle mode was added, and an RS-232 serial data port was also
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provided for auxiliary data output. Rcth of these features are under the con-
trol of the MCREOC software. Vhen originally implemented, the RS-232 port was
set up only to output data, but hardware was provided so that this port could
later be used to input data. The new 1-k programmable read-only memory (PROM)
described in this report takes advantage of this provision. Remote control is
accomplished by inputting ASC11 command characters and outputting data through
the PS-222 port. Remote control is possible from any RS-232-compatible device,
such as a stand-alone data terminal or a computer that has been configured to
accept a second terminal.

Section II of this report prevides a brief description of the front-panel,
computer, and terminal control modes. The computer and terminal control modes
are described more fully in Secs. III and IV. Installation of the new PROM and
additional details on its use are given in Appendix A. Appendix B shows a flow
chart of the microprocesser program, and Appendix C provides an assembly lan-
quage listing. Appendix D lists a FCPTRAM-callable driver and a FORTPAN test
program to illustrate operation of the new PROM under computer control.

11. BPIEF PESCRIPTIOM OF TPE MEW CPEPATING MCPES

A.  Front-Panel Control Mode

This mode is the default mode when the power is turned on. The front-
panel control mode cperates in a similar manner as it did with the previous
PRCM, with minor exceptions as noted in Appendix A. The front panel controls
the operation of the counter. PReadout is directed to both the HP-97 calculator

and the RS-232 serial port. The instrument must be in the front-panel control

mode to enter either the computer control mode or the terminal control mode.
While becoming familiar with the new PROM, the user can always return to front-

panel control by pressing the restart push button on the rear panel or by turn-

ing the power off momentarily.

B. Computer Control Mode
This mode allows remote control of the electronics package through the
PS-732 serial port. The serial port setup is described in Appendix A. The

following functions may be controlled remotely.
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Start

- Stop (halt)

- Clear scalers and timer

Readout data to computer

- Readout to HP-97 calculator

- Request status

- Set status interrupt flag (I flag)

— > O ™ NI
]

F - Return to front-panel control.

The control functions are achieved by transmitting the appropriate command
from the computer to the electronics package. Computer control is designed for
ease of control from the remote computer. The electronics package may be op-
erated in a passive mode where information is returned to the computer only
when requested or in a pseudo-interrupt mode where a flag (I flag) signals the
computer when there is a change in status. Commands from the computer are not
echoed back to the computer. All data sent to the computer -are terminated by
a carriage return/line feed (CRLF).

C. Terminal Control Node
This mode allows a terminal to function as a remote front panel for the

electronics package. The terminal control mode operates similarly to the com-
puter control mode but provides more information to the operator. Commands to
the electronics package are the same as listed above for the computer control
mode, but are all ASCII control characters (the CTRL key and letter key are
depressed simultaneously). Commands echoed back to the terminal are preceded
by T and followed ty CRLF. Invalid control characters are echoed in the same
manner, but are followed hy a question mark and bhell. Al1 ASCII printing
characters are echoed as is, allowing the operator to type identification or
other text on the terminal without inadvertently interfering with operation of
the electronics package.

11I. OPERATING INSTRUCTICMS FCR COMPUTER CONTROL MCDE

To enter the computer control mode, transmit A from the computer while in
the front-panel mode. The electronics package will respond by returning tc the
computer: CRLF version number CRLF. This is followed by an 8-character status

3
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word CRLF (see Sec. V). The electronics package then waits for one of the fol-

lowing commands from the computer.

A1l

S - Start

- Stop (halt)

- Clear scalers and timer

- Readout data to computer

Readout data to HP-97 calculator

- Pequest status

- Set status interrupt flag (I flag)

Mo X O X N
L]

- Return to front-panel control
other inputs are ignored. Also, the electronics package will not echo

conmand characters hack teo the computer while in the computer control mode.

Upen receiving one of the above commands, the electronics package will execute

it with the following conditiens.

Mm

{

ny
—

(4)

The 1 command allows the computer to be advised of changes in status.
When the I flag is set, the next status change causes the electronics
package to send a single character with CRLF to the computer. This
character has a numerical value between 0 and 8, representing the
status bit that has changed. A numerical value of 0 indicates no
status change; it is transmitted only after an HP-97 calculator read-
out. The other status values are defined in Sec. V. HNormally, the I
command would be used only before a timeout or a data readout to the
HP-97 calculator. The 1 flag is cleared after a status change. The
1 command must be sent again hefore the next desired status change.

If the electronics package had previously timed out, it must be reset
(7) hefore it can be restarted (S).

Peadout commands R and P are cperable only when the scalers are
stopped; otherwise, they are ignored.

The F command allows the computer to return control to the front
panel.

Four types of data are sent to the computer:

(1)

(2)

Version number: CRLF V 2.1 17 Dec 80 CRLF (12 characters). This oc-
curs only once upon entering the computer control mode.

I flag response: a single ASCII digit O through 8 CRLF (3 charac-
ters). This occurs only if the I flag has been set and there is a
status change.
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(3) Status word: xxxxxxxx CRLF (10 characters). (See Sec. V for detailed
description.) This status word is sent to the computer under the fol-
lowing conditions.

(a)} Immediately after version number upon entering computer control
mode.
(b} When requested by the X command.

(4) Data String: time, totals, R+A, A CRLF (57 characters). Data are all
numeric or space characters. This data string is sent to the computer
if an R reédout command has been received by the electronics package
when it is stopped. Note that (R+A)-A is not sent in the computer
control mode.

The format for these four types of data is given in Table I.

TABLE 1
DATA FORMAT FOR COMPUTER CONTROL MODE2

Data Type Total Character Count

Version Number:

CRLF V-2.1-12-DEC-80 CRLF 19
I Flag:
x CRLF x = any value 0 through 8 3

Status Word:

xxxxxxxx CRLF x=1or0 10
b
Data Readout:
XXX =XXX ==X =XXX=XXX=XXX===X=XXX=XXX-XXX==~X=-XXX-XXX-XxX CRLF 57
— —— V— <N v </
Time Totals R+A A

dx denotes a numeric character; - denotes a space character.
bLeading zeroes are replaced by spaces.
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IV. OPERATING IMSTRUCTIONS FOR TERMINAL CCNTROL MODE

The terminal control mode is used for remotely controlling the electronics
package from a terminal only. It differs from the computer control mode in
that the control characters are used as commands from the terminal to the
electronics.

To enter the terminal control mode, type CTRL T on the keyboard while in
the front-panel mode. The electronics package responds by returning CRLF V
2.1 12 Dec 80 CRLF and an 8-character status word CRLF. The electronics pack-
age then waits for one of the following input commands from the terminal.

CTRL S - Start
CTPL H - Stop (halt)

CTPL Z - Clear scalers, timer, and fault condition
CTRL P - Peadout data to terminal

CTRL P - Readout data to HP-97 calculator

CTRL X - Request status

CTRL F - Return to front-panel control

CTRL I - Set status interrupt flag (I flag)

Valid commands are echoed preceded by T and followed by CRLF. Invalid
control characters are echoed in the same manner, but are followed by a ques-
tion mark and bell. Printing characters do not affect operation of the elec-
tronics package, allowing typing of headings or other text on the terminal.

Upon receiving one of the above commands, the electronics package will ex-
ecute it with the following conditions.

(1) The operator may be advised of changes in status, if desired, by set-
ting the status interrupt flag (CTRL I) before any anticipated status
change, such as completion of count time or calculator readout.
(These two operations require time to complete; if the terminal is
located some distance away, the operator will know when to continue.)
When the I flag is set, the next status change causes the ‘status char-
acter to be printed on the terminal and the 1 flag to be cleared.
See Sec. III, item (1), for additional details on the I command.

(2) If the scalers had previously timed out, the electronics package must
be reset (CTRL Z) before it can be started (CTRL S). If stopped for
any other reason it may be restarted with a CTRL S.
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(3) Readout commands CTRL R and CTRL P are operable only when the elec-
" tronics package is stopped.

(4) The command CTRL F causes the terminal to return control to the front
panel of the electronics package.

(5) The command CTRL R causes data to be printed on the terminal in the
following format.

Time, totals, R+A, A, (R+A)-A

Leading zeros are suppressed and digits are separated into groups of
three by spaces for ease in reading.

V.  STATUS WORD DESCRIPTION

The status word may be requested by the X command at any time except
during readout. It is an 8-character word, each character being either an
ASCII 1 or 0. Each character's position (1-8, reading from left to right)
within the word determines its function, as shown in Table II. The status
word is terminated by CRLF.

TABLE 11
STATUS WORD DEFINITIONS

Character Position? and Function Status

1 - Run/stop 1 = stopped, 0 = counting

2 - Time out 1 = count terminated by time out
3 - Fault 1 = fault condition set

4 - Stop push button 1 = button is depressed

£ - Reset push button 1 = hutton is depressed

6 - Start push button 1 = button is depressed

7 - Manual/recycle switch 1 = manual, 0 = recycle

8 - Readout push button 1 = button is depressed

3Character position within word (12345678 CRLF).
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APPENDIX A

INSTALLATION AND ADDITIONAL DETAILS ON USE OF THE NEW PROM
I.  INSTALLATION

This operation requires no modification of the existing circuit board.

(1) Remove ac power cord from instrument.

(2) Remove top cover.

{3) Remove screw from clamp at rear of printed circuit board assembly on
right side, then swing clamp back out of the way.

(4) Remove plastic pin from hinge assembly.

(5) Pivot board assembly to upright position and reinstall plastic pin
to hold boards in this position. Save packing material, if any.

(6) Remove knurled screw and spacer on each side of board assembly.

(7) Unplug microprocessor board (rear board of three) from its con-
nector.

(8) Carefully remove old PROM (located directly under TP1 at top of
board) and place it in protective foam.

{9) Locate pin 1 of new PROM and plug it in with pin 1 nearest C1 on the
board. Verify that all pins enter the socket properly.

(10) For reassembly, follow steps 1-7 in reverse order. Use care when
plugging in the microprocessor board to prevent damage to the connec-
tor. If foam packing material is provided, reinstall it at the end
of the printed circuit board assembly.

After installing the PPOM, verify its operation with the following pro-

cedure.

(1) Connect HP-97 and charger.

(2) When the power is turned on, the readout light will turn on and the
following test message will be loaded into the HP-97 storage regis-
ters R1-R4.

R1 543210 time
R2 = 9876543210 totals
R3 = 0876543210 = R+A

R4 = 9876543210 = A

The readout 1ight will then turn off. Ignore the ERROR message displayed

on the HP-97 calculator.
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II.

I11.

10

DIFFERENCE BETWEEN CLD AMD NMEW PROM: FRCNT-PANEL CONTROL MODE

(1) The test message to the RS-232 serial port has been eliminated.

(2) The test message to the HP-97 calculator has been changed to include
all digits {0-9).

(3) Column headings for the data readout have been removed.

(4) The commas between groups of three digits in data readout have been
replaced by spaces.

{8) ACL X is sent to the HP-97 calculator before data are sent.

(6) The manual/recycle switch on the front panel is tested at the end of
the data readout, allowing the operator to terminate the recycle mode
during readout.

(7) If the electronics package is connected to a terminal either directiy
or indirectly through a computer, it will echo back any characters
received from the terminal or computer while it is operating under the
front-panel control mode. Exceptions are:

(a) A is not echoed but will transfer control to computer mode.

(b} CTRL T is not echoed but will transfer control to terminal mode.
(c) CR or LF is echoed as both; that is, CRLF.

(d) Characters received during data readout are not echoed.

RS-232 SERIAL INTERFACE REQUIREMENTS

Full duplex

Baud rate: 300

Data format: 7 bits, even parity, 1 stop bit

Electronics package rear-panel connector: 25-pin "D" type DBM ~ 2ES
Pin connections:

- Receive data from computer or terminal

~

3 - Transmit data to computer or terminal
4 - 8 (4 and 8 are tied together)
7 - Data common

A1l other pins: no connection
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IV. EXAMPLE CF COMPUTER INTERFACE

Shown below is an example of a Digital Equipment Corp. (DEC) DLV11-J seri-
al interface board configuration for use with LS1-11 computers. This is a
4-channel serial port board. Port 3 is configured for the console terminal;
port 1 is configured to interface with the electronics package. (Refer to DEC
publication "Memorys and Periphera1s"* for more details; see page 2-149 for
port 1 jumper locations).

Baud rate selection: port 1 to T = 300 baud

Data parameters:

Dx to0 = 7 bits
Sxto0 =1 stop bit

P xtoO = parity enabled
E x to 1 = even parity

Figure A-1 shows the cahble connections to the electronics package and the
cable numbers of the Berg connector as viewed from the end of the board.

BERG CONNECTOR  ELECTRONICS PACKAGE
3 = >2

> 3

9 7 5 3 1
oOoocoooao

oOooooOono

GO IIIOONE y4 Yy
10 8 6 4 2
Fig. A-1.

(a) Cable between DLV11-J interface bhoard and electronics.
{b) View of Berg connector from end of board.

*Digital Equipment Corp., Maynard, MA 0TF74

1
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APPENDIX B

MICROPROCESSOR PROGRAM FLOW CHART
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1-k PROM FOR REMOTE CONTROL: FUNCTIONAL BLOCK DIAGRAM

v 2.t 12 DEC B0
DISK FILENAME: RG7K!I

FRONT PANEL POWER ON RESTART

CONTROL LOGP REAR PANEL RESET PUSHBUTTON
GO COMPUTER CONTROL
TO COMPUTER\\YES AN
OR TERMINAL TERMINAL CONTROL
CON;ROL LOOP
NO
COMMAND
NO READY
E FOR R%ADOUT CH"‘R%CTER
YES
READ_OUT
DATA
MANUAL MANUAL
RECYCLE
?
RECYCLE
GENERATE
CLEAR VECTOR AND
G0 TO VECTORED
START SUBROUT INE
SCALERS
P r 1
1 1 | BT ]

S H Z ngaz H$27 X INTEéRUPT
START sSTOP CLEAR rae235: | | meapouT| | STATUS ENABLE
T T T I f [

L 11T -
E] L 11110 =
RETURN
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CNTRL

THE POWER TURN ON,

THE REAR PANEL RESET PUSH BUTTON,
AND THE F COMMAND-

RETURN CONTROL TO THIS LOOP.

DlSABLE INTERRUPT

LOAD STACK POINTER
CALL SUBR INITIALIZE
CALL SUBR STOP, CLEAR
CALL SUBR TEST

——)

CALL SUBR STATR
READ & STORE STATUS
INITIALIZE T FLAG

7

CALL SUBR LOAD

SU
C LL SUBR SUBTR
CALL SUBR PRINT

GO TO
COMPUTER CONTROL I

(CCMP) @ CHECK_RECYCLE
STATUS &
SET FLAG (RCYCF)

YES GO _TO
TERMINAL CONTROL
(TMODE)

CALL SUBR CLR
CALL SUBR START

CALL SUBR CRLF CALL SUBR SEND
(CARRIAGE RETURN{ |ECHO CHARACTER
LINE FEED) BACK TO SOURCE

]

COUNT ING HNO
?

YES
CHECK READOUT
RECYCLE STATUS ( ) PUSHBUTTON
UPDATE FLAG = DEPR%SSED
{RCYCF )

NOTE: @ NOT A SUBROUTINE
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k! K]

sTOP,CLR,START,LP1A SUBROUTINES:

LOAD "STOP CODE' INB
ACCUMULATOR

CLR
LOAD "CLEAR SH[FT REGISTER"
CODE IN B ACCUM

START
LOAD "START SHIFT REGISTER"
CODE IN B ACCUM

[_

PIA
STORE B _ACCUM IN
PIA El

LO.
FROM PIA A SIDE

RDOUT
SERIAL PORT DATA_READOUT
FOR COMPUTER OR TERMINAL CONTROL

YES

NO

CALL SUBR RON
CALL SUBR LOAD
CALL SUBR SUBTR
CALL SUBR PRINT
CALL SUBR ROF

§

INT FI
SETS INTERRUPT FLAG
WHEN IN COMPUTER

TERMINAL CONTROL

SET
[47 UPDATE STATUSAAJ

RON:
TURN ON
READOUT LAMP
ROF &
TURN OFF
READOUT LAMP
HPOUT

DATA READQUT TO HPS7
UNDER COMPUTER OR TERMINAL CONTROL

NO

CALL SUBR RON
CALL SUBR LOAD
CALL SUBR HP87
CALL SUBR ROF

NQ
YES

PRINT STATUS FLAG

STAT

CAUSES PRINTING OF
B8-CHARACTER STATUS WORD
WHEN REQUESTED BY X COMMAND

UPDATE STATUS
SEN

-

@
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STATR

LOADS STATUS BITS INTO
A REGISTER FORMED BY

RAM LOCATJONS
LOAD R
LOAD P

IE (HEX) THROUGH 25

-3
>
vo
00

z
5
m
b

READ STATUS BIT
RELOCATE TO LSB

UPDATE STATUS
SET STATUS CHANGE
FLAG [STFLG!

——

BUMP POINTERS 1

YES

)

INTST

LOADS ACIA STATUS REGISTER
& PREPARES IT FOR TESTING
FOR INPUT FROM SERIAL PORT

LOAD "RECEIVE
DATA REGISTER FULL™ BIT.

ROTATE IT INTO_THE
CARRY BIT POSITION.

G
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CCMP, TMODE (SEE NOTES BELOW)

THIS 1S THE REMOTE CONTROL LOOP.
BOTH COMPUTER CONTROL & TERMINAL
CONTROL SHARE THIS LOOP.

TFLAG IS THE CONTROL SWITCH.

TEMPORARILY STORE

INPUT & PRINT
CLEAR'T FLAG A "T™ ON TERMINAL.
RECOVER_INPUT &
CONVERT 1T _TO
SEND VERSION ¢ PRINTABLE CHARACTER.

SEND OUT STATUS

"} CCMP2

PRINT IT
FOLLOWED BY <CR> <«LF>.

ES

[CALL SUBROUTINE STATR|

COMPARE INPUT
TO CHARACTER
IN TABLE

SEND OUT STATUS FLAG
UPDATE STATUS
& CLEAR | FLAG

80 TO
FRONT PANEL
CONTROL

UPDATE STATUS
READ INPUT FROM
ACIA TO A ACCUM

ILLEGAL CHARACTER
SEND: BELL, 7,

AND <CR> <LF>.

©

LOAD_VECTOR
ADDRESS

CALL VECTORED
SUBR

CCMP:?gMPUTER CONTROL

TMOOE=TERMINAL CONTROL

‘
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STATTs

TRANSMITS STATUS TO
REMOTE CONTROL DEVICE.

CLRF3

CLEARS INTERRUPT FLAG
[IFLB) AND
STATUS CHANGE FLAG (STFLG!.

CRLF1

A _CARRIAGE RETURN

SENDS
AND LINE FEED.

STATT

LOAD STATUS
REGISTER POINTER

|

—]

PICK UP &
SEND STATUS BIT

1

BUMP POINTER

NO

CLRF [YES

CLEAR FLAGS
{IFLB) (STFLG)

RETURN

INIT
INITIALIZE
START

l CLEAR FLAGS

RETURN

LOAD

TAKES DATA
& LOADS INT!

TWO BCD DIG
BEBINNING A
30 AND END
42 [HEX) .

FROM SCALERS

O MEMORY.

1TS PER_WORD

T RAM LOCATION

ING AT LOCATION

LLOAD POINTER 1
(INDEX REG!
L.OAD POINTER 2
IP1A B DATA REGISTER!

z._

CALL SUBR "READ"

RECALL "VAL"™ AND
SHIFT LEFT 4 BITS
IN B ACCUM.

BUMP POINTER 2

i

CALL SUBR "READ™

OR_"VAL" WITH
B_ACCUM. TO FORM
TWO DIBIT WORD
STORE RESULT
AT POINTER | LOCATION
BUMP POINTER |

| RESET POINTER 2

)
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B RO

SUBR
SUBTRACT [(SUBTR!

SET SIGN = +
COMPLEMENT THE
ACCIDENTAL DATA

ADD RESULT +! TO
REAL & ACCID. DATA

SET SIGN = -
COMPLEMENT THE
REAL & ACCID. DATA
ADD RESULT +I| TO
ACCIDENTAL DATA

USED BY LOAD SUBROUTINE
70 READ DATA FROM SCALERS.
[LoAD P1A A" DATA Re)|

[ cranee F_tHEX) TO O |

[store mEsULT IN "vaL"]|

PR

INT
FORMATS & CONTROLS
?(O:ALER DATA READOUT

RS232 DEVICE

SET "NUM":=5, "COM":0

SET STARTING ADDRESS:=30 (HEX)
FOR TIME DATA.
CALL SUBR TYPE

i
CALL SUBR SEND
ARG:=3 SPACES

I

SET "NUM":z9, "COM":0
SET STARTING ADDRESS = 33 (HEX)
JOTALS DATA

CALL SUBR TYPE

i
CALL SUBR SEND
ARG=3 SPACES

1
SET "COM":2
SET STARTING ADDRESS<38(HEX)
FOR BR+A DATA

CALL SUBR TYPE

I

CALL SUBR SEND
ARG=3 SPACES

1

SET "COM™":=2
SET STARTING ADDRESS=30 (HEX)
FOR A DATA.

{ CALL SUBR SEND

ARG= <CR><LF>

G
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TYPE: UNPACKS DIGITS FROM MEMORY,
PERFORMS LEADING ZERO SUPRESSION,
AND SEPARATES SCALER DATA
0°3-DIGIT GROUPS

INT
SEPARATED BY SPACES.

SET J=P:=K=0
LOAD STARTING ADDRESS
INTO. INDEX REGISTER
1

READ A DIGIT PAIR |

NO

YES

PICK OFF LSD PICK OFF MSD

& SHIFT RIGHT

INCREMENT P,J

SET K=1
CALL SUBR SENDF—
ARG=DIGIT

CALL SUBR SEND -
ARG=DIGIT SET P=0
INCREMENT

INDEX REG

CALL SUBR SEND
ARG=0

NO
CALL SUBR SEND
ARB=SP

.
[ NO

INCREMENT "COM"™

CALL SUBR SEND
ARG:=SP

SET "COM"=0

21
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Aﬂ!’

| .

SEND:
CONVERTS CHARACTERS TO ASCII AND

SENDS THEM THROUGH ACIA TO REMOTE DEVICE

WHEN READY.
ALSO GENERATES CARRIAGE RETURN DELAY.

IS
CHARACTER
BCD

CONVERT
TO ASCILI

e

YES

TRANSMIT CHARACTER

YES
BEGIN DELAY

TEST:

LOADS TEST MESSAGE INT 0 MEMORY,
HEN SENDS IT HPE7.

LOAD INTO RAM3
S

3
3
(1)
8
~s
&
>
RRRR

HP-97:

PREPARES AND SENDS SCALER
DATA TO HP87 CALCULATOR
THROUGH HP97 INTERFACE.

SEND "CLX™ CODE TO HP-97
SET CONTROL NUMBERS
MR o4
“Nmz |
ngn=3
SET STARTING ADDRESS

[
—

LOAD A DIGIT PAIR

TO SUBR PR
TO U ACK, SENs?DIGITS

INCREMENT THE ADDRESS
AND DECREMENT "C"

YES
SEND STORE CODE
TO HP-97

SEND "N” AS HP-97
STORAGE ADDRESS
INCREMENT "N7

&
DECREMENT "M"

SET "C":5

YES

SEND "A" CODE
TO HP-97

LOAD BLANK CODE
TO RELEASE HP-97

G

SENDS PROM_VERSIO!
TO REMOTE RS232 DEVICE.

VNO3

CALL SUBR SEND
ARG:="V 2.1 (2 DEC BO"

G
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DEOMEW CONTROL

F

DATF
S LATH
COMTF

ROOR
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HBEGIM RAM LOCATIONS
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CNTEL
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HL M

FOR COMAMNG CHAR S

HREALDUT VIR R

WIE

STHTUS

T STHTLEE INTERUFT FLAG

I FOTHNTER

HETHCE .
[~ HITIALIZE ROUTIN

IHIT

T IHE
L-TGHT
CHTRELL :

THFPUT
0

T COMPUTER CONT
TROL T
T TERM MODE

TERHME

A TERML

T
TR OAMD LF

LDAR
EME

LRI
H

COTIME QU
COMD TIME OUT
LE MORE

CHTRLE BLITTOM CEFR
HERANCH TF MNOT
CHTEL S wTURM O RO LTGHT

25

66

w7



V) | W]

X K

w1
T I
[w(

m

L

xx]
[l Sl e A g o Y

AR RA]
o

N
(=)

S RLOUT

ES
HF LT

R

HEOLT L

INTFLG LD

EOUTL

LDHR
SEL

CHTRLL
I

Pl

Rk
Ry
=T

L

R
HFL L
I

IFLY
HFTAT L
STFLG
SEND
CLREF

#1.
IFLIG
STATH
STFLG

READ THE

SHERCH TF FAMUAL

TR T WATT LOOF
b R ST DO

EECLEAR CE

CROE

e COMNTRO

IR RS L
1T QT
COMTROL SEG CODE

LTy

Ford
3

FeLIPt 3 7
L LF

EHEET UTRUT ROUT L RE

: STATUS IMTERUPT FLAG =
s lF WO IMEH
*PRINT STATUS FLAG
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FAGE 284 RGFELL . SA1L HLNCC

FETAT

BRI

#a FIR

SAME RS
IF ZAME
#STORE IF MWOT

BEFORE

ET STRYT . CHANGE FLAG

P R DA

#EE POTMTER

(]

5T ZTETUS BIT 7

]

A3

SETT

QUT STATUE FL
T STATLES READ

SELAIMDAMT  LOAD
#L DAL TMPUT

CERFNCH IF
*1Z 1T A LE?

*#T=TERMINAL MODE FROMPT

IR R HEGE #PIFEE PRIMTING CHAR,
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W J Tk

"0

PRGE ©as cl HLMCD

TASC
T1SF

#PRINT IT
HECHD CF AND LF

SEMPg
CCMPS

#15 1T A "F"?
#1F MO EBRANCH TO VECT

CCMPE

ROYCF
CHTRLL #IF WES RETURM TO MANMUAL C

TTITHTETE

[ #WTEL LA WECTOR POINTER
CHMFA B

O T T

#IF WES LOAD YECTOR
#IF NO EBUMF FOINTER

QazZ43[ V1IVF Bg
aazSaR Tlsa as
BEzS51A Flel e
ARZS2A F13z2 SC FeLS
BEZSIA T1es 2 v
BAZS4A 7187 3

.

#YTEL+21 «LAST OME 7

VELTL

TFLAG

ARZSSA Y1es 27 e BEDR WECTZ I COMPUTER MODE DOMTT
BazEe #HCKMOWLESE ILLEGAL CHARACTERS

tSE * I "BELL"
wSEND BELL COE
HIF NOT
FINT
#FRINT CF. LF

#RETURM TO WAITING LOOP

CHERACT O

ma

#TAME T WECTORED ROLTINE

bl

HTRAMNSMLT ZTATUS

Lo

LDAA

HRELIM+2
STRTTL

CLEF CLRA
=THA IFLG
STHA STFLG

BBRETIA TL1AD
BOZ74A T1AE
BERVSA Fiea
BEZFEA V1B
BR2TFA T1iE4
aRzveA T1Be
BEZYIR T8I
apzaen F1BE
HRZ21A T1BE
eazzzA Tice
08283 #*

nE2ad * dikikbd
pezgs

BBZ8EH 7101 9F
GRZerA vicz 97 2
EB283H TlCd EFY
BEAZEIA FACT 42
BAZIAA TLICE BT

H

2]

A CRLF STAA CHAR +ZTORE B ACLM TEMFORARILY
A LL.CAA HE0D

5} JSR SEML

H LDAR #EEA

A JZR SEND

H LDAR CHAR. +RESTORE A ACUMM

ba) A0 TOO T 0D MO WD A0 b
LY T I S s SN IR T T

B H O E

+

FMULATOR A
FLRAG

#LEAR
STFLG +ZLEAR:

FIAT #DEFIMNE A SIDE AS INPUT

LA 3 N
=W
I
=
I

FIAD *DEFINE B SIDE AS OUTPUT

L)
=
b
N
T
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DA I I B o B IR WA

o S DD T S S D

A

S AN LI

Ba348AR
aaz41A
26342A
aaz43A
aa344R
anz4s
aRz45
0az4y
Baz48R

v2al

aF
Bl vZilE

ac

alsts]w]

TITTT

H

=

- LLF1

cd HLRWCD

LEAR
STAA

ETAA
LERA

FIRCH HUHAMNGE FROM DATAR DIRECTIC
REGISTER TO DATA REGIE

HDTTTO
+MAZTER RESET

ETOUR DATH FORMAT

s b e b b b b o e bbb ok o g R b R o

LDEA

STHA
DED
EIME
LDRA

FIMDE

|HPH

HEFM NFHHD IHIEh FEGISTER WITH

DRAGE LOCATION

#1 *LWHU COMTROL CODE "4 INT
FIF B DARTH REGISTER

F LA
REFRID #READ BIGIT: STORE IN YAL
WFIL HMOVE DISIT LEFY

FIAC HLHC Fv‘E HE MT CODE

HN[PHL

OG0 TO 1L TIRL
TMCREMENT CONTROL COD
*PPHN‘H TO RERD WEXT
FAIR OF LIGITS
#REMIWVE COMNTROL COLE
TURN FROM SUBROUTINE
» THE FIA A DARTA REGIZ
2 IF POSITIVE
COARTA PRESEMT
HEFF HELLOW DELARY FOR
SETTLIMG TIME

FIAI #LIOAD THE PIA A DATA
EGISTER REDUNDANTLY
#ETRIP OFF LEAST
SIGHIFICANT 4 BITS
#EF *DATA=F7?
LJIFZ w0, FPROCEED
! CHAMGE TO ZERO
WAL #STORE RESULT IMN VAL
#RETLRM FROM SUBROUT INE

*
A1 PR,
#
SUBTR  CLR SIGH #CLERR SIGN CONTROL
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FARGE  BB7 RGFELL . SASL HLMCD

FﬂH'THNT e FHF +: 1 FOR
: : F 2=

TERT ING

*LHHP FATR OF [IGI
FOR /LOITION

R

ECTMAL ADIUET
TORE 5t

#CHAMGE STGHM T —

ELE IF"HHLH[’ Fila

By
ZLPs
SLFG
C A
e H
£ : A SLES
A% 1z A
13
AT 13 F F13.0
)
SR
F 26 FS Voee SLPS
33 :
+
ER 2R R B2 2 20t
Y
7250 36 @43 A PRINT LDAA #E5 #*SET MHUIM=5
padaln F2eE 97 BE A STAA NLIE
BO4AZA PETR 36 38 A LOAR #EAM STARTIMNG ADDRESS
BE4az * CEHERETEY AT F, F+l
ge4adR T2Y2 37 11 A STAA F+1
Ba4ESH TETY 4F CLRRA
ga4as/ 7275 37 18 A STRA F
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T CioM=@
#TYPE QUT TIME
#FRINT 3 SPACES
HEET MUM=3

LLAR Hyo
STRA MLIF
LDEF #REAM+T #5ET START ALDE
STHA F+1

LOHA #¥2 #SET ClM=32

LERESR
oo

D i

AR
=

THRA co

#TYRE QOUT TOTALS
#FRINT ZF SPACE
T ETART ADDR

oo @
N e R

A A A
e

U XA]

# TYPE OUT

Dol N L
&
N
™Y

ST S D

FCES

AR
DA
oA

GITO PRIPL
o FRINT +

SRR

. HGO TO PRIPE
FRLTFL #PRINT -
#RAM+2T  #SET START ALDR
Fi
THRE
CRLE

FRIFE

TURH T0
INT = SPRACES
SLARBROLIT THE

LLAR HEZD

[

R

L R R D R R A A

HRETLIRM

PO )

5l e chde b b b kb b e e bk b R R R ok o e
+
TYRE

oo m

P A AR A A R ]
D)

DR EOD DS D oS

£o4

TYLFL
= #MEED LEAZT 510G
d GO TO Bl
GET LERAST
[u] 3

DDA R

=

oo

=
=

#CLERR CONTROL #7

OMNTROL PROGRAM

0

[

1

~H FOSITIVE?

#«L DAL STARTING ARDRESS TN
«LORD A PRIR OF DIGITS

LIGIT?

SI0G.

4 BIT

4 RBITS
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THE THREAUTER

FRINT THE DIGIT
15 THIS THE LAST OO
I8 THE NLUIMEERT

T o

EEREALLELDELE L LLEPLEL L LERLLLLALLELEL 20D

FRINT THE ZERO
FRINT P SFRCE

CDIGIT

THIS THE
{OTHE MUMBE

APl

GO R

ST AND F

-

GoOTO TYLRL
SET P
© TOOMEMT FRIR OF DIGI

n

PR
DA I )

O Iy ]

ft iy B

A SERD QLT Vljj.
T TERMINAL
#I5 IT A CRY

®IF WEZ START A DELAY
DL

DL #EEGIHN DELAY

DA A AR A RS A AR AR

15 oL

as [ET DELE

[ EMNE I +DELAY FINIZHEDR™
Ba52; g RTS #YES. RETURM

w
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SAL HILHCD

e e nde b e b e ok

Ed
HEa7
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HFLFL
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oo W
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B

L IR BN AR A IO I B
[ W I A B R

AN

=

oSS
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bl
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)
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,
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i
I DD DI

m

BES5EH

o
P omm

[AloE1=]
[=l=los
aas7aA
aeasvL
BasS?2R T3
AASFIR VI

LDARA
BSR

HE TP,
HPLFL
#EAF
T

M

H#EdiE
QT

HF4D
U
TEM
#EaF
#3460
oudT

FIAD

HHPET MTLRESY
HEET Mg

#IET Med

#LOAR STARTING ADDRESS
#LOFD A PRIFE OF DIGITS
#TJUMP TO UNPACEING ROUTIMNE
#IHCREMENT THE ARCRESS
#DECREMENT THE CONTROL HUM

#LOOF ITF NOT ZERD
I o ODE

OF ZTORAGE
HOWITH #4802
IT T

EMT STORAGE pLDRESS

T QuUT™?

ELYCLE

(FOL FROGRAM
FoA TN TERM
T ZIG0 BYTE

#EORM CODE FOR HFP-S7
D IT QuT

+RECOVER DATH

k. OFF LEAST 516G, BYTE

M PROFER CORE

#SEMD IT OUT

VIR

CODE TO HRP-3T7

IMTERFACE

L OAD DELAY ARGUMENT

#5000 TO DELFAY LOOF

#LOADR BLAMKE COLE T

RELEFASE HF-37

S0 T DELAY LOOF
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DEL1
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#LIOAD STARTIMNG ADDRESS
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IFLG
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[
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APPENDIX D
FORTRAN-CALLABLE DRIVER AND FORTRAN TEST PROGRAM
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JLIST TTM
AOK KK KKK KK KKK 3K K K KK K 3K KK KKK 3K KK KK K KK KK 3K KK K KK 3K KOK 30K 3K 3K K K 3K K K K KK 3K XOK K KK K KK K K

R

kX &)

§
i
.
¥
.
V
¥
§
H
[
'
;
4
§
|
$
§
i
1
g
V
[
13
1
[
.
¥y
.
’
$
¥
¥
;
$
§
i
y
§
§
i
.
y
;
§
[
§
.
¥
s
’
¥
.
?
.
4
s
§
§
A
¥’
s
¥

LLV11 W MAC

BLV11 FORTRAN-CALLAEBLE DRIVER

CALL INITDL CENDRDyENDWR BUFFER) BUFSIZ) INITIALIZES

ENDRD:  LOGICALxXx1 END OF INFUT LINE CHARACTER
ENIOWR:  LOGICAL%1 END OF QUTFUT LINE CHARACTER
RUFFER! LOGICALX1 BUFFER (ARRAY) FOR USE RY THIS HANDLER
BRUFS3IZ! INTEGERX2 RUFFER GIZE .
BUFSIZ »= M+1 WHERE M IS THE # OF CHARACTERS IN
THE LONGEST MESSAGE (INCLUDING ENIWR)
(BUFFER SHOULD' RE LONG ENOUGH TO HANDLE ANY
STACKING OF MESSAGES WHICH MAY OCCUR)

CaLL CLRIIL CLEARS EUFFER OF aNY OLDI INFUT
N = READLILCINLINE,IWAIT) REATIS INFUT I.INE
(DECL.ARE READDL INTEGER¥%2 1)
INLINE? LOGICAL%1 ARRAY WHERE CHARACTERS ARE STORED
(NOT INCLULING ENDRI CHARACTER)
IWAIT! INTEGER¥Z WAIT INDICATOR
0O — DO NOT WAIT FOR INFUT
1 - WAIT FOR INFUT C(INDEFINITELY)
N ' INTEGERX2 NUMRER OF CHARACTERS READ IN»
NOT INCLUDING ENDRD
0 -~ NO INFUT HAS OCLURRED
CALL WRITDL (OUTLIN) WRITES OQUTFUT LINE

OUTLIN: LOGICALX1 ARRAY CONTAINING CHARALTERS
TO BE SENT (ENDWR CHARACTER AT ENI IS NOT SENT)

NOTE: WRITIL HAS A FOTENTIAL FROBLEM IN THAT QUTFUT IS
NOT RUFFERED, EBUT IS UNDER INTERRUPT CONTROL
AFTER THE FIRST CHARACTER. HENCE THE USER COULD
CHANGE THE CONTENTS OF AN OUTPUT LINE WHILE IT IS
REING OUTFUT. TO CIRCUMVENT THIS, [0 NOT USE
THE SAME DUTLIN IN TWO CONSECUTIVE WRITDL CALLS.

SSJ 09-FEER-81

REV.
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" [ il

_©

y
+TITLE DLV11 E
+OLOBL  INITILsCLRDL s READDL »WRITIL
’
§
$ REGISTER DEFINITIONS ANI SFECIAL ALDRESSES
’
¥
y -
RVEC=310 $RECEIVE VECTOR L
XVEC=314 i TRANSMIT VECTOR
RCSR=176510 FRECEIVE CONTROL/ZSTATUS REGISTER
y
RVEC2=RVEC+2 yRECEIVE FSW
XVECZ=XVEC+2 s TRANSMIT FSW y
REUF=RCSR+2 SRECEIVE RBUFFER E
XCSR=RCSR+4 s TRANSMIT CONTROL/STATUS
XRUF=RCBR+6& $TRANSMIT RUFFER
14
FARAM=RS sFARAMETER REGISTER .
SAVFTR=R4 $SAVE FOINTER REGISTER
COUNT=RO FCOUNT OF INFUT CHARACTERS
WAIT=R1 sWAIT FLAG
’ °
; \
y
i INITIALIZATION ROUTINE - SET UF INTERRUFTS»
¥ GET FARAMETERS
¥
INITHL: CLR @#RCSOR iCLEAR RECEIVE STATUS k
CLR EG¥XCSR i CLEAR TRANSMIT STATUS E
Hov #RINTERy@#RVEC $SET UF RECEIVE INTERRUFT VECTOR
MOV #3400, B#RVEC2 sDISARLE ALL OTHER INTERRUFTS
MOV FXINTER, G#XVEC $SET UP TRANSMIT INTERRUFPT VECTOR -
MoV #3400, @#XVEC2 sDISARLE ALl OTHER INTERRUFTS E
MOVE B2(FARAM)Y s RENII  3GET ENL-0OF-INFUT CHARACTER
MOVE R4 (FARAM) » XEND  3GET END-QOF-0UTFUT CHARACTER
MOV 6 (FARAMY y BUFFER 3GET ADDRESS DF RUFFER
MOV @10{FARAM) » BUFEND 3GET BUFFER SIZE
ADD RUFFER» EUFEND fGET LAST ADDRESS OF BUFFER (+1) E
JSR FCyCLRDL $SET UF POINTERS
MOV #1000y @¥RCSR $ENAEBLE THE RECEIVE INTERRUFT NOW
RTS FC s RETURN
# J
; \
# CLEAR RUFFER ROUTINE
¥
CLROL: MOV BUFFER» RCFTR FSET RECEIVE FOINTER TO BEGIN OF RBUFFER
MoV RUFFERyRDFTR iSAME WITH READ FOINTER ]
MOV RUFFERs LNFTR $SAME WITH LLINE FOINTER
RTS FC $RETURN

39




¢

. e e e

READDL?! CLR

READ ROUTINE

COUNT

$RESET COUNT OF INFUT CHARACTERS

MOV 2(FARAM) » INFTR  $GET ADDRESS FOR FIRST CHARACTER
MOV BACFARAM) »WAIT SGET WAIT FLAG
4 4 M CMF LNFTRsROFTR JHAVE WE READ THE LATEST LINE ALREALY?
ENE 3% FND -~ A NEW LINE HAS COME IN
78T WAIT $YES - SHOULD WE WAIT?
N REQ 7% FNO ~ USER WANTS AN IMMELIATE RETURN
ER 9% $YES - WAIT FOR A NEW LINE
’ 3% INC RDFTR s BUMF FOINTER TO NEXT CHARACTER
CHF ROFTR» RUFEND JARE WE AT THE ENI OF THE BUFFERT?
ENE 1% i NO
MOV BUFFER»RIFTR FYES - START AT BEGINNING OF RUFFER
] 13 CHFR CRIFTR REND 318 THIS THE ENI OF MESSAGET?T
RER 7% $YES - DONE»> DON'T INCLUDE THIS CHAR
: MOVE CGRIFTRyEINFTR iNO - MOVE THE CHARACTER TO USER’S LINE
INC COUNT FAIND 1 TO CHARACTER COUNT
INC INFTR s EUMF POINTER 7D USER‘S LINE
BR 3% sREFEAT
7% RTS FC s RETURN
¥
§
$ RECEIVE INTERRUFT ROUTINE
] i  OCCURS WHEN A CHARACTER HAS COME IN ANDN 19 REALY T0O RE READ
14
RINTER? INC RCFTR # BUMF RECEIVE FOINTER
CMF RCFPTRs BUFEND tHAVE WE REACHED THE ENIt OF RUFFER?
' ENE 1% iNO
MOV BUFFERRCFTR PYES —~ START AT BEGINNING AGAIN
1% MOVE @#RRBUF s @RCFTR FFPUT CHARACTER It BUFFER
CHFE @RCF TRy REND I8 THIS THE LLAET CHAR IN LINET?
ENE 33 ) iND
MOV RCFTRyLNFTR $YES ~ MARK THE [NIY OF THE LINE
2 3% RTI i RETURN
§
§
[ OUTFUT ROUTINE
i USES TRANSMIT READY INTERRUFT FEATURE
2 $# NOTE: EXPERIENCE WITH DLV11J SHOWS THAT THE READIY INTERRUFT
3 OCCURS IMMEDIATELY AFTER THE ENAERLE
¥
WRITDL: ERIT C#XCSRyY#100 515 PREVIQUS OUTFUT FINISHED?
1 i (IEs IS INTERRUFT DISABLEDT)
ENE WRITOL $NO - JUST WAIT HERE TILL IT IS
; MOV 2(FARAM) » SAVFTR §GET ADIRESS OF FIRST CHARACTER
MOV SAVFTRy TRETR iSAVE FIRST ADDRESS FOR USE LATER
MoV #100,@#XCSKR FENABLE TRANSMIT REALY INTERRUFTS
NOF FWAIT A RIT
i NOF
2 CMF TRFTR s SAVFTR $HAS READY INTERRUFT OCCURRELD JUST NOW?T
» ENE 5% YES - OUTFUT HAS STARTED ALREALDY
JSR FC» SEND #NO - SEND OFF FIRST CHARACTER
Q 1 3 RTS FC i RETURN
L4

R K
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l

[

v OCCURS

¥

XINTER: JSR
RTI

3

¥

iy SEND A CHA

y

SEND CMFE
ENE
CLR
ER

7% MOVE

VR INC
RTS

V

l

i CONSTANTS

i

H

FeEND JRYTE

XENI'? +RYTE

RCFTR! SWARD

ROFTR? +WORD

L.NFTR? L WORD

INFTR: L WORD

TRETR?: +WORD

BUFFER: JWORD

RUFEND?! WORD

§

[
+END

FCy BEND

RACTER SUBROUTINE

BYRFTRy XEND
7%

EEXCSR

513

CTRFTRy @&#XBUF
TRFTR

FC

AND VARIABLES

TRANSMIT READY INTERRUFT ROUTINE
WHEN TRANSMITTER

$SEND NEXT CHARACTER
FRETURN

$I6 THIS THE END OF MEGSAGE?T
FNO - SEND THIS CHARACTER
$YES - DISABLE INTERR

IS READY TO FUT OUT ANOTHER CHARACTER

FAND DON‘T SERD CHAR, RUT BUMF PTR

FMOVE CHARACTER DUT

SEUMF FOINTER TO NEXT CHARACTER

§ RETURN

FEND-OF -~ INFUT CHARACTER
FEND-OF ~OUTFUT CHARACTER
SRECEIVE FOINTER (IN RUFFER)
FREAD FOINTER (IN RUFFER)

FEND OF LAST LINE POINTER (IN LBUFFER)

FINFUT FOINTER (IN USER‘S INLINE)

s TRANSMIT FOINTER (IN USER’S
$FIRST RUFFER ADDRESS
FLAST BUFFER ADDRESS + 1

QUTLINY

4
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3001

0002
G003
0004

0005

0006
0007

0008
0009

0010
0011
0012
0013

0014
0016
0018

] K K

42

FORTRAN TV VoR.1-10  Wed 11-Feb-a1 FAGE 001

[0 03 o o o o o o 3 o 6 o o st o i o o ] 3 i o AN O A 6 T X o o o o o O O B oY e B o I
HLNCC

TEST INFUT AND OQUTFUT 10O HLNCC
FOR SWANSEN/ENGSLIN

JOHNSON  O4-~FER-81
REV, 11-FEE-81 1130

oG oaoaoo

[ 58 o o 0 o 0 0 5 0 0 5 0 9 5 0 € o 0 i 0 I 0 0 4 0 K O O
G
IMFLICIT INTEGER (A-7)
[
LOGICALX]1 CHAR(B0)Y, INLINE(80)
LOGICAL¥1 BUFFER (%00)
LOGICALXT L.INEFIy BLANK
™
DATA LINEFD/Z"12/7yBLANKS7 7/
[
C
¢ USE THE NEW FORTRAN~CALLAEBLE OLV1I1 HANIDLER
[
5 CALL INITDLCLINEFDyELANKy BUFFER500)
GO TG 20
c
¢ LIST THE QFTIONS
i

10 TYFE 1000
1000 FORMAT(/* 7 ~ BEGIN COMMUNICATIONS/

X S - STaRT "/
X S H - HALT/
X 7 &~ CLEAR SCALERS aND TIMER’ ./
X © R - READ DATA TO COMFUTER’/
X SOF - READ QUT DATa 10 HRFYZ '/
X ooX - REQUEST STATUS/
X © I - SET INTERRUFPY FLAG /
X CF - RETURN TO FRONT FANEL CONTROL//
X © T - TEST FOR INFUT /
X “ W - WAIT FOR INFUT’/
X SR - REINITIALIZE INFUT’/
X S0 - LIST GFTIONS” /)

C

C  GET OFERATOR INFUT

c

20 TYFE 1001

1001 FORMAT(/’/$0FTIONS - 7)

ACCEFT 1002,CHAR
1002 FORMAT(B0AL)
C
C TEST FOR SFECIAL CHARACTERS
[w
IF(CHARC(1) .EQ. ‘0’) GO T0 10
IF(CHAR(1) .EQ. ‘T7) GO TO S0
IF(CHAR(1) JEQ. ‘W’) GO TO 40
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FORTRAN 1V V02,110 Wed 11-Feb-81 FAGE 002

0020

IF(CHARC(L) JEQ., ‘Q7) GO 10 §

[
C ASSUME UHARACTER ARE GOOD -~ SEND TO HLNCC
C

Go22 CALL WRITILL (CHAR)
0022 GO TO 20
[
C  READ IN RESFONSE FROM THE HLNCC
C
0024 40 TWAIT = 1
0025 GO TO 3%
[
0026 50 IWAIT = O
0027 55 N = READDLCINLINE,IWAIT)
o
C  CHECK THE RESPFONSE
C
0028 IF(N JEQ, O0) TYPE 1007
Q03¢ 1007 FORMAT (/7 NO INFUT FROM HLNCC /)
0031 IF(N JEQ, 0) GO TO 20
C
€  SEE IF THIS RESFONSE IS5 AN INTERRUFT FOR STATUS CHANGE
C
0033 IF(N +JEQ, 2) GO TO 100
C
¢ THIS IS & DATA LINE -~ NOT AN INTERRUFT
C
0035 TYFE 1008 (INLINEC(L)yI=1sN~1)
0036 1008 FORMAT (/7 DATA FROM HLNCC! //1X.8041/)
0037 G0 TO 20
C
¢ THIS IS AN INTERRUFT
[
0038 100 TYPE 1009 INLINE(L)
0039 1009 FORMAT(/’ STATUS INTERRUFT FROM HLNCC! //1X:Al/)
0040 GO TO 20
C
G041 END
FORTRAN TV Storade Mar for Frogram Unit .MAIN,

l.ocal Variables, JFSECT $DATA» Size = 001240 ( 334, words)

Name Ture 0Offset Name Ture Offset Name Ture Offset
BLANK LK1 001225 I %2 001234 ITWAIT I%x2 001230
LINEFU L¥1 001224 N %2 001232

l.ocel ard COMMON Arrausi

Name Tyre Section Qffset -+—--—--Gize-~--- Dimensions

BUFFER Lx1 $DATAH 000240 000764 ( 250.) (3500)

CHAR L*x1 +hATA Q00000 000120 ( 40.) (80)

INLINE L¥1 $0aTa Q0120 000120 ¢ 40.) (80)

Subroutinesy Functionss HStatement arnd Frocessor-lefined Functions?

Name

INITOL

lure Name Ture Name Ture Name Ture Name Tyre
I%2 REALDL  Tx2 WRITOL  I%2

#U.S. GOVERNMENT PRINTING OFFICE: 1982-0-576-020/14
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APPENDIX C
HLNCC (PROM) VERSION 1.2; ORIGINAL PROM LISTING

The software in this PROM was developed to provide the following capabil-
ities for the HLNCC:
(a) Transmit data and control statements to a HP-97 calculator.
(b) Transmit data by RS-232 serial port (to a terminal, for "hard copy").
(c) Implement a software "recycle mode" to allow continuous data collec-
tion.
This version (V 1.2) does not provide for remote control of the HLNCC.
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FAGE

00001
00002
00003
00004
00005

00006 7

00007
00008

00009 7

00010
00011
00012
00013
00014

00015 7
00014 7

00017
00018

00019 7

00020
00021
00022
00023
00024
00025
00024
00027
00028
Qo029
00030
00031
00032
00033
D0034
00035
00036
00037
00038
00039
00040
00041
00042
00043
00044
00045
00046
00047
00048
00049
00050
00051
00052
Q0053
00054
D00ES
00056
00057
00058

86

001

702k
702E
7020
7033
7035
7037
F03A
7030
7O3F
7041
7043
7046
7049
704R
704N
7050
7052
7085
70857
7059
7050
705K
7060
7043
7065
7068
706F
704E
7071
7072
7075
7077
7074
707D
7080
7083
7084
7087

CONTROL

OF
8E
ED
84
E7

; éﬂ

BD
B
Bé
k7
7F
7F
20
8é
EL
26
86
BO
28
7F
20
Cé
F7
a6
BI
a8
Cé
F7
Fi
27
20
7F
gé
EI
24
8é
B
2k
84
BD
26
ED
B
BD
ED
4F
Bl
26
ED
7C
Bl
ED
4F
Bl

-
27

007F
7OES
29
5002
7009
7394
70AF
28
5002
0017
oolg
2E
70
7O9F
Fo
21
709F
0%
o018
05
01
0018

34

FO9F
o
01
0016
0018
1A
0%
0016
30
709F
CE
34
70O9F
jin
27
709F
ER
7049
7136
730F
7189

o017
0é

7000
0017
710F
70AF

0018
c7

LFZ

LF1

JF1

SF2

JFPE

JFP4

JEE

JFé&

NaM
OFT
ORG
SET
LIG
JER
LIA
STA
JER
JER
JER
LDa
aTh
CLR
CLK
ERA
[T
JER
BFL
LI
JBR
EMI
LR
ER#&
LIA
5Th
LA
JSK
BMl
LIy
5Ta
CHF
BEQG
BRa
LR
LIy
JER
EFL
LLA
JSR
BEMIT
LTy
JER
EFL
JER
JER
JER
JER
CLR
CcHP
BNE
JER
INC
JSR
JSR
CLRE
CMF
BEG

|5

B
1§
|3

A

#

&

CONTROL
]
+7000

F5TACK
INIT
429
FIag
RON
TEST
ROF
#4628
FIAD

T

JF4
#$Z0Q
CHELE
LEL
431
CHECK
SR

5

JEZ
1

T
#6234
CHECK
A3
1

F

T

JFE
JF4

R
FE3I0
CHECK
LF1
434
CHECK
LF3
437
CHECK
SR
RON
LOAR
HFS7
SUBTR
g

AP é
TITLE
g
TYPE
ROF

T
JFa

¥UISABLE INTERRUFT

XLOAD STACK FOINTER

¥JUMF TO INITIALTZE ROUTINE
¥LOAD RESET CODE INTO FIA

¥TURN ON READCOUT LIGHT
K JUMP TO TEST SUBRDUTINE
¥TURN OFF READOUT LIGHT
ALOALD STOF CODE INTO PIA

XKSET §=0
XSET T=0

XGO TO WAITING LOOF
*WATT FOR SR TO STOF

DTN THE SR TIME QUTT

¥YESy GO TO JP1
XNO» SET T=0

¥EET T=1
I8 &R IN RECYCLE MODE?T

MO GOTO JF3
*YESe SET R=1

KT=17
KYES

ANO

XSET R0

XIS SR STOFFEDY

NGOy GO TO LFY
XYESs IS SR RESET DEFRESSEDT

XYESs GO TO LF3
¥NO3 IS SR READOUY DEFRESSED

¥NOs GO TO WAIT LOGF
ATURN OM READDUT LIGHT
¥READL THE DISFLAY
¥SENDY RESULTS TO HF~927
ASUBRTRACT A FROM R+A
*k5=0F

ANO» GO TO JP&
KYES, FRINT THE TITLE
KSET =1

*¥FRINT RESULTS

¥TURN OFF READOUT LIGHT
KT=07F

¥YESy GO TO WAITING LOOF

i |l | ] [l T - e - ™ T - -



00059
Q0040
00061
00062
Q0063
000464
00065
00064
00067
00068
00049
00070
Q0071
Q0072
00073
00074
Q0075
Q0074
00077
Q0078
Qo079
00080
00081
00082
00083
00084
QOO8Y
Q0084
QQog7
00088
008y
00050
Q0091
0OOe2
00093
00094

TOTAL

PARGE

noooy
pope2
oo003
00004
po00%
gC00é
00007
coo0s
onooe
G010
ool
oonle
0a01e
poQia
con1s
analé

7089
708C
708E
7070
7093
70935
7098

709A
7091
709F
7068
70A5
70A8
7089
70AE
7OAE
706F
70B1
70E4

ERREORS 0O00C

001

VIFE
TIFE
70ES
TOES
TOEE
TOE?
TOEBA

Bl 0016
27 C2
86 29
k7 5002
8é& 2A
BE? 5002
86 2R

X

X
B7 5002
20 83
E7 5002 CHECK
Eé& H000
E& G000
39
86 3C RON
E7 5003
39
B84 24 ROF
EY G003
39
001& R
0017 S
0018 T
QO7F STACK
7394 TEST
70R% INIT
7134 LOoaD
7000 TITLE
yanis TYFE
7189 SUETR
S000 FIal
5002 F1a0
G003 FIACE
FI0OR HFS7

INITIALI

S600 FIAI
S002 PIAO
S001 PIARCA
S003 FIARCE
4000 ACIAS
7000 CNTRL
73FE RETRT
7000 RSTFRT
4F
EY S000
43
Ev Sno2

CcCHF
BEQ
LA
STA
LI
STA
LDA

STA
ERA
STA
LA
LA
RTS
LA
STA
RTS
LI
STA
RTS
EQU
EQu
EQu
EQU
EQuU
EQu
EQu
EQu
EQu
EQU
EQu
EQuU
EQu
Eau
END

NAM
DFT
EQU
EQU
EQU
gEQuU
EQU
EQU
EG
OrG
FDE
DrG
CLR
STH
conM
STR

D>D>DD D

g i > 4 >

-,
o

PP

R XN{§ R=0T
Jr 4 XYES, GO TO JF4
$£4$29 XNOy RESET THE SR
FIA0
420 XSTART THE SR
FIAQ
$42R ¥LOAD UNUSEID CONTROL NUMBER
TO REMOVE MICROFROCESSOR
CONTROL
FIAD
LFL XWAIT FOR SR TO STOF
FIAD XKSEND QUT STATUS CODE
FIAT *¥READ STATUS
FIAL AKREDUNDANT READN STATUS
*RETURN
#$3C ¥L0ADL CONTROL REG, CODE
FIACK ¥SEND IT OUT
KRETURN
$4$34 ¥LOAD CONTROL REG., CODE
FIACE ¥BEND IT OUT
KRETURN
$16
$17
$£18
$7F
$7394
$70RS
$7136
$7000
$710F
$718%
£5000
$5002
$5003
$7320R
INITIALIZE
D
£5000 *PIAR A DATA REGISTER ADDFRES
$5002 *PIR B TIIATR REGISTER RIIFES
$£5001 *PIA A CONTROL RE6E. RIDR.
5003 *FIR B CONTROL REG&. RDIR.
$£4000 *ACIA STATUS ADLRESS
$7000 «CONTROL FROGFAM ADDRESS
$73FE *FESTRRT RADDRESS
RSTRT
CNTRL *FDINTER TO CONTROL FRDOGRAM
§70ES
+CLERR ACCUMULATOR R
PIAI eLEFINE A SIIE AS INPUT
PIAO eLEFINE B TIDE RS DUTPUT

<

N

87



onel1?
pod1a
(IR
aaozy
anopze
R hcec
apoz4
copes
0G0z
epoz7

TDTAL

FaGE
(61410105 )
000072
00004
00004
QOO0
00004
OO007
00008
O00OGY
00010
S1¢Te R
00012
00013
00014
00015

00016
00017

00018
00019

00020
00021

00022
00023

88

TOED
T0EF

7o0C2
70CS
7T0C7?
70CAH
70cC
TO0CF

&€& 03
E7 S001

7 SO0z
g 02
BE7 4000
ge 0%
4000

EFRFDRES OOQOODO

001

Fono

7000
70N3
FONE
7ong
7009
7000
70ODE

70nF
FOE]
70EZ
70ES
70E7
70E¢

70ER
70ED
70EF
70F 1
70F3
70F5S

70F7
70F9
70FE
70FI
70FF
7101

7103
7105
7107
7109
710k
710D

710F

TITLE

E ZODF
s 00
ElY 7Z2DE
o8

8c 7120
246 FH

S

ONGA
2054
4941
4528
5345
4329

2020
2020
2020
2020
2020
S44F

5441
4C53
2020
2020
2020
2020

2020
2020
2052
2R41
2020
2020

2020

894

PIRCA *CHANGE FRDOM DATA DIRECTIDN
REGISTER TD IATAR FEGISTER

PIACE «LITTO

ik 3 oMASTER RESET

ACIAS

4g9 *SET UP DARTH FDREMRT

ACIAS

LI/
STH
L J
STH
LIA
STA
LIR
STH
RTS
END

rTXI»DPHDP I

TITLE
Lh L 7000
OFT 0
LNX 5 ¥LOAD STARTING ANDRESS
LF1 LIA A OrX ¥LOAD A CHARACTER
JSR SEND! KFRINT IT
INX FINCREMENT ANDRESS
CFX FE+6 ¥LAST CHARACTERT
ENE LF1 ANC, LOOF UNTIL DONE
RTS KYESs RETURM TO
X CONTROL FPROGRAN
KCARRIAGE RETURN = CR
ALINE FEED = LF
KGPACE = GF
g FOE FONI0A $2054,$494L, $ATDE, $5345, $4729

¥CRsLFsSPs TIME(SED)
FIg $2020,%2020:,$2020,42020,42020, $544F

¥ 106F-TO
FLR $5441y$4C53, 32020, %2020, %2020, %2020

X Tal.Ss.8SF
FLE $2020:$2020,$2052y$2R415$20205$2020

¥ 585FsR+tAs4ACSF
FDOR $2020,$2020,$20205,%2020,4$2020,$2041



| "Wl li;jﬁi;F::] E) K K K ' KB kB B OB OB BB =B B I‘k_hi>@L_J B

00024
00025

00026
00027

00028
00029
00030

TOTAL

FAGE
00001
00002
00003
00004
00005
00006
00007
00008
00009
00010
00011
00012
Qo013
Q0014
00015
00016
00017
00018
00019
00020
00021
00022
00023

00024
00025
00026
00027
00028
00029
00030
00031
00032
00033
00034

7111
7113
71135
7117
7119

711E
711D
711F
7121
7123

7125

7127

2020
2020
2020
2020
2041

2020
2020
2020
2020
2020
2020

2020
7129 20

7len BRY

FRDE

FRRORS 00000

001

7136
7136

7139

713K
713E
7141
7144
7145
7146
7147
7148

714E
714E
71351
7153
7154
7157
7159
715¢C

715E
7161
7162
7165

7167

LOATD

7136
0030

CE
Bé

B7
EIl
Fé
58
58
58
58
7C

R
Fa
E7
08
8C
27
7C
20

7F
39
Ré
2R

86

Q0320
01

5002
7162
000C

7162
000C
00

0042
05
5002
EO

5002

5000
FE

X 11SF+A

FLE

FIE

X 48F R SF

GEND

LOAD
RAM
X

L.F1

JF1

READ

EQU
END

NAM
OFT
EQU
EQU

ORG
LIoX

L.ItA

STA
JER
LA
ASL
ASL.
ASL
ASL
INC

JSR
ORA
STA
INX
CFX
REQ
INC
ERA

CLR
RTS
LDA
BMI

L.I'A

E
E
E

E

K

$20205%2020,%$2020,%2020,%2020,%2020

$720F

LOAT
]
7124
$30

LOAD
FRAM

£1

$5002
REAL
VAL

READ
VAL
0 X

$442
JF1
$3002
LF1
$5002

$5000
READ

FSFF

b
-
i
[
]
e}
-

XKEET UP LOCATION FOR IATA
STORAGE

XLOAD INDEX REGIETER WITH
FIRST STORAGE LOTATION
¥LOAD CONTROL CODE =*1* INTO
FIa B DATH REGISTER

YREAD DIGIT: STORE IN Val
AMOVE DIGIT LEFT

¥ INCREMENT CONTROL CODE

FOR NEXT DIGIT
XREAL THE DIGIT
XFORM A 2-DIGIT FAIR
¥STORE RFSULT AT FOINTER
XINCREMENT FOINTER
XKFOINTER=427
XYESs GO TO JF1
¥NO» INCREMENT CONTROL CODE
XBRANCH TO READ NEXT

FAIR OF DIGITS
¥REMOVE CONTROL COIE
¥RETURM FROM SUBROUTINE
¥1.0AD THE FIA A& DATA REGISTE
XFROCEED IF FOSITIVE

(IIATA FRESENT)
*¥ALLOW DELAY FOR

89



00035 X SETTLING TIME Giﬁ

00036 7149 E7 OO0OE 8TA A DLY

00037 716C 7A 000E LF2  DEC  ILY

00038 716F 26 FE ENE  LF2

00039 7171 Eé H000 LDA A $5000  %LOAD THE FIA A DATA

00040 X REGISTER REDUNDANTLY

00041 7174 B4 OF ANDL A #4F KSTRIF OFF LEAST E
00042 X SIGNIFICANT 4 RITS

00043 7176 81 OF CMF A #$F KDATA=F?

00044 7178 26 01 ENE  JF2 *NO» FROCEET

00045 7174 4F CLR A XYES, CHANGE TO ZERO E
00046 717B E7 000C JF2  STA A VAL XSTORE RESUL '

00047 717E 39 RTS KRETURN FRON SUBROUT INE

00048 000E  DLY  EQU  $E )

00049 000C VAL  EQU  $C E
00050 ENI

TOTAL ERRORS 00000 E
FAGE 001  SUETRACT

00001 NAM  SUETRACT

00002 FT 0 E
00003 7189 ORG ~ $7189

00004 7189 7F 000 CLR  SIGN XCLEAR STGN CONTROL

00005 X CONSTANT (O FOR +5 1 FOR =) 1
00006 718C CE 0038 LDX %S ¥LOAD STARTING AIDRESS i
00007 718F C6 05 LDA B 45 KLOAL CONTROL CONSTANT

00008 7191 86 99  LF1 LIA A #399 XLOADI $99

00009 7193 A0 09 SUE A 9,X KSURTRACT TO COMFLEMFNT ﬁ
00010 7195 A7 OE STA A $ErX *STORE COMFLEMENT

00011 7197 09 IEX ¥DECREMENT ADDRESS

00012 7198 SA DEC B KDECREMENT CONTROL NUMEBER

00013 7199 26 Fé ENE . LF1 ¥RECYCLE UNTIL ALL DIGITS i
00014 % ARE COMPLEMENTED

00015 719E O SEC - ¥SET THE CARRY

00016 719C Cé 05 LA B #5 *L.OAL CONTROL NUMRER

00017 719E CE 0038 LDX 8 XLOAD STARTING ADDRESS E
00018 71A1 A6 04 LF2  LDA A 45X XLOADN FAIR OF DIGITS

00019 X FOR ADDITION

00020 71A3 A9 OE  JFS  ANC A $EsX XALD WITH CARRY

00021 71A5 19 DAA KDECIMAL ATIJUST i
00022 71A6 A7 13 STA A $13yX  XSTORE SUM

00023 71A8 09 IIEX XDECREMENT ANDRESS

00024 71A9 5A DEC B XDECREMENT CONTROL NUMEER E
00025 71AA 26 FS ENE  LFD XRECYCLE UNTIL ADDITION

00026 * 15 COMFLETE

00027 71AC 24 01 ECC JF1 XERANCH TO JFL IF

00028 X CARRY IS CLEAR E
00029 71AE 39 RTS *RETURN TO CONTROL FROGRAM

00030 X IF CARRY IS SET

00031 71AF 86 01  JF1  LDA A #1 KCHANGE STGN TO -

00032 71E1 E7 00O STA A SIGN

00033 71R4 CE 0038 LOX  #8 KREVERSE SURTRAHEND AND

00034 X MINUEND AND REFEAT

00035 71E7 C6 05 LA B 45

00036 71E9 86 99  LF4  LDA A $%99

90



B &1 B
a

000327 71BE A0 13 SUE A& $13:X
00038 71RD A7 13 STA A $13.X
Q0039 71RF 09 DEX
00040 71C0 GA DEC B
00041 71C1 26 Fé ENE LF4
00042 71C3 oD SEC
00043 7104 Cé6 05 LA B #5
i 00044 71Cé& CE 0038 LIX 35
00045 71C9 86 00 LF LTIA A $0
000446 71CE A9 13 AIC A& $13:X
] 00047 71CD 19 DA
' 00048 7ICE A7 13 STA A $13,X%
00049 7100 09 DEX
00050 711 54 DEC R
;} 00051 7102 246 F5 ENE LFS
00052 7104 39 RTS
00053 0018 5 EQu $28
] 00054 000D SIGN QU $TI
00055 END
;& TOTAL ERRORS 00000
FAGE 001 FPRINT
GO00, NaM FRINT
] 00007 0T 0
00003 000 SIGN E QL 4TI
00004 000E NLUIM E QL 4E
‘ 00005 000F COM EQL ¢F
‘ 00006 F E oL $10
00007 SEND EQu $720E
00008 TYFE F G £705A
;i 0000% 7IIF ORG £710F
00010 TINF 8& ON LOA &  #3D #FRINT CARRIAGE RETURN <(CR)
00011 71E1 BRI 72IE JER SEND
00012 71E4 84 0A LOA A #%4 ¥FRINT LINE FEED (LF)
Q 00013 71E46 BDIN 720K JSR SEND
00014 71E$ EI 7240 JSK =1 ¥FPRINT 2 SFACES
OO0l P1IEC 86 0% LA & 45 XESET MNUM=5
;} 00016 71EE 97 OF STA A NUM
‘ 00017 7IF0 84 20 LDA & $#$30 #L.0OAD STARTING ADDRESS
00018 * ($0020) AT Fy F+1
00019 7iF2 97 11 STa & F+1
;} 00020 71F4 7F 0010 CLR F
00021 71F7 7F 0O0OF CLR COoM KSET COM=0
00022 7iFa ED 725A JSR TYFE *¥TYFE OQUT TIME
00022 7iFD RI 7240 ISR Sk ¥PRINT 2 SFACES
E} 00024 7200 86 09 LDA A #3%7 XSET NUM=9
00025 7202 97 OF STA A MNUM
00026 7204 84 33 LDA A #3332 XSET STARTING ATDRFGS = $003
00027 7206 97 11 STA A F+i1
g] 00028 7208 86 02 LhA A £32 *SET COM=2
00029 72048 97 OF STA A COM
00030 720C R 7254 JSR TYFE ¥TYFE OUT TOTALS
00031 720F RD 7240 JSR SF ¥FRINT 2 SPACES
00032 7212 86 38 LDA A #$38 XSET STARTING ATIRESS = $003
00033 7214 97 11 5TA A F41
00034 7216 ED 7254 JSR TYPE XTYPE OUT R4#




00035
00034
00037
00038
00039
00040
00041
00042
00043
00044
00045
00046
00047
00048
00049
00050
00051
00052
00053
0005

00055
00056
00057
60058
Q0057
00060

TOTAL.

FAGE

00001
000062
00003
00004
0000%
00004
DO0O7
00008
QGo00Y
00010
00011
00012
00013
00014
00015
00016
00017
00018
60019
00020
00021
00022
00023
00024
00025
00026
00027

92

7219
721C
721E
7220
7223

7226

7228

722A
7220
722E
7231
7233
7235
7238
723A
723C
723F
7240

7242
7245

7247

7340
7240
724F

BRI
8é
97
R
RII
86
21
27
86
EI
20
86
EL
8é
97
ED
39
86

EBD
agé
BD
gé
BRI
39

7240
3n
11
7254
7240
01
on
07
2B
720K
05
20
720E
47
11
7254

20

720E
20
720K
20
720

ERRORS 00000

001

7256
7250
725D
724

7243
P64
7248
726K
7261
726F
7271
7273
7274
7275
7276
7277
7278
7270
7270
727F

7282

7284
7287
7289

TYPE

7F
7F
7F
FE
fiid
70
27
84
20
g4
44
44
46
44
4n
27

2
F7
BRI
20
7D
26
Fé

0012
0014
o013
G010
O
0014
04
oF
06
FO

O
ol
0013
720Ek
11
0013
Fé
000E

JF1

JP2

TYFE

LFL

El

JSR
L.DA
STh
JSE
JER
LA
CHF
REQ
LIA

JSR

ERA
L.IDA
JSR
L.IA
STA
JSR
RTS
LTiA

JER
LIA
JSR
LA
JSR
RTES
END

NAM
QFT
ORG
CLE
CLE
CLR
L0x
LDA
TET
BREG
AN
ERA
AND
ROR
ROFR
ROR
ROR
TET
BEQ
LIa
STa
JSR
EBRA
T8T
ENE
LA

A

f

A

1]

&

SF
#4$3N
F+1
TYFE
Sk
#1
SIGN
JE1
+$2R
SEND
JP2
¥$2D
SEND
$+447
F+1
TYFE

¥$20

SEND
F$20
SEND
420
SEND

mo T R
5
e

FF

FEFO

B3
1

SEND
R4

K

ES

NUM

¥FRINT 2 SFACES

XTYFE OUT.ACCIDENTALS
¥TYPE 3 SPACES
*¥I8 (R+A)—-A FOSITIVE?

¥NOs GO TO JPI
XYESs FRINT +

GO TO JP2
¥FRINT -~

XSET STARTING ADDRESS 004

i

XTYFE OUT (R+A)-A
¥RETURN TO CONTROL FROGRAM
¥FRINT 3 SFPACES

SUBROUTINE

KRETURN

FCLESR COMNTROL #°5 JsFs & K

*LOAD STARTING ADDRESS IN X
kLOAD A& PAIR OF DIGITS
KNEED LEAST 8IG. DIGITT
XNOy GO TO B

XYES, GET LEAST SIG. 4 EITS
KGO TO BZ

XFICK OFF MOST §IG, 4 EITS
KMOVE RIGHT 4 BITS

*¥DIGIT=07
XYESs GO TO B3
X¥NO» SET K=1

¥FRINT THE CHARACTER

¥GO TO E4

XK=07

*NOs» FRINT THE DIGIT

XYESS IS THIS THE LAST DIGIT
IN THE NUMEERT

¥SET STARTING ADDRESS = $003 @

\
\
:
\
E
h
i
i
i
’
b
h
h




00028
00029
00030
00031
00032

00033

00034
00035

00036
00037
00038
;00039
100040

00041
00042

00043
00044
100045
00046
00047

00048
00049
00050
00051
00052
00053
00054
00055
00056
00057
00058
00059
00060
00061
00062
00063
00064
00065

TOTAL

FAGE

00001
00002
00003
00004
00005
00004
Q0007
00008
00009
00010
00011
00012
00013
00014

728C
728F
7291
7293
7295

7298
729R
729N
729E
7241
72A3
7206
72A8
72484
72A0
724F
72R1
72R4
72R6
72R8
72RE
72BE
72C1
72C4
72Cé6
72C9
72CR
72CE
72CF

F1
27
86
20
ké

El
26
39
7C
86
Rl
26
86
El
26
86
ED
20
86
ED
7F
7C
7C
86
El
26
7F

08

20

0012

EE

20

EA

00QE R4

0012
01

000F EBEé
03

000F

16

01

0013

07

2C

72DR

05

20 k8
720ER
O00F E9
0012 E7
0014

02

0014

PR

0014

?5

72DE SEND
Q000K NUM
O0OF COM

0010
0012
0013
0014

T x LT

ERRORS 00000

001

72T
721
7200
F2DF
72E1L
72E3
72E4
72E8
72EA
72EC
72EF

72F2

SEMI

81
2E
84
Cé
F7
81
2E
Cé
F7
Fé
56

09
02

30

o1 FT
0015

on

05

08

0015
4000 JF1

CMF
REQR
LItA
EBRA
LDA

CHMF
ENE
RTS
INC
LA
CMF
ENE
LIvA
CHF
ENE
LDA
JBR
ERA
Lna
JSK
CLR
INC
INC
LDA
CHF
ENE
CLR
INX
ERA
EQU
EQU
EQU
EQu
EQU
EQU
EQU
ENI

NAM
OFT
ORG
CHF
BRGT
ORA
LDA
STA

CHF A

BGT
LDA
STA
L.T1A
ROK

BS
$¥$20
ES
NUM

J
Ré6

COM
$3
COM
74
$1
K
E8
$$2C
SEND!
K9
$$20
SEND
COM
J

Ft

$2

Fl

LF1
Fl

LF1
$72DR
$E

$F
$10
$12
$13
$14

SEND
0
$720EB
$9
FT
#430
#1
DEL
#+00
JF1
$8
DEL

ACIAS

XYESs FRINT THE ZERO
*NOy» FRINT A SFACE

¥IS THIS THE LAST DIGIT
IN THE NUMBERT

*NO» GO TO Ré

XYES» RETURN FROM SUERROUTINE
XINCREMENT COM

*¥COM=37

*NOs GO TO E7
XYES: K=17

*NO» GO TO E8
XYESy FRINT A COMMA

XG0 TO E9
XFRINT A COMMA

XSET COM=0
¥INCREMENT J ANDN F

=27

*NOs GO TO LF1
XYES» SET F=0
XSTEF TO NEXT FAIR OF DIGITS

¥CHARACTER>ST

¥YESy FROCEED

*NO» FORM ASCII CODE
*¥SET DNELAY CONSTANT = 1

K16 CHARACTER<$0E?Y
¥NO» FROCEED
KYES, SET DELAY CONSTANT = 8

¥LOAD STATUS OF ACIA



00015
00016
00017
00018
00019
00020
00021
00022
00023
00024
00025
00024

TOTAL

FAGE

00001
00002
00003
00004
00003
000064
00007
00008
00009
00010
00011
00012
00013
00014
00015
20014
00017
(0018
Q0019
Q0020
00021
G022
00023
00024
00025
Q0026
00027
00028
00029
00032

00031
00032
00033
00034
00035
00036
00037
00038
20039

94

72F3
72F 4
72F6

72F9
73FR
72FE
7300

86
7h
26
39

F9
4001

7F
0015
EF

4000
4001
0015

ERRORS 00000

201

730R
730k
730D
7310
7212
7315
7317
731A
7310
731F
7322
73323
7326
7328
73246
7320

732F

7332
7334
7337

77(_‘ ~

=t

7230 2

733F
7341
7344
7346
7348
734F

7340
734F
7250
7353

7385

7356

HF97

04
QO1R
01
0019
03
0014
0030

- 00

7350

001A
02
F3
4F
7369
0019

40
7369
0019

001k
07
0%
0014
0z
44
7369

ACTAS
ACTAT
DEL

LF1

JFEL

*

JFPE

FR

ROK
ECC
STA

LA
DED
BNE
RTS
EGL
EQU
EQu
ENI

NAaM
OFT
ORG
L.Ii&
STA
LI
STA
LA
aThA
LDX
L.DA
JER
INX
DEC
REQ
BRA
LDA
JER
LIA

ORA
JER
INC

DEC
REQ
LIt
5TA
BRA
LIvA
JER
CLR

JER
RTS
STA
AN
LSk
L.SK

A

> D

o

2]

8

A

A

DD D

JF1
ACTIAT

¥E7F
DEL
JF1

$4000
$£4001
£15

HF97
]
$730R
*4

M

#1

N

#3

r
#4320
Gy X
FR

c
JF1
LF1
F5AF
ouT
N

#4640
ouT
M

M
JP2
+35

C
LF1
444
ouT

ouT

TEM
$#4F0

¥FROCEED IF ACIA I8 READY
AKSEND OUT CHARACTER
TO TERMINAL
¥L.OAD UNUSED CODE
¥IS DELAY FINISHED?
¥NOs LOOF TO JPI1
XYES» RETURN
¥CACIA STATUS ADDRESS)
X(ACIA IATA ADDRESS)

¥SET M=4
¥SET N=1
XSET C=3
¥LOAD STARTING ANDRESS
¥LOAD & FAIR OF DIGITS

¥JUMF TO UNFACKING ROUTINE
¥INCREMENT THE ADDRFSS

FDECREMENT THE CONTROL NUMEE

¥LOOF IF NOT ZERD

*LOAD STORE CODE

XSEND IT OQUT

¥FORM CODE FOR STORAGE
ALNDRESS ("0R® N WITH $40)

*SEND IT OUT

KINCREMENT STORAGE ADDRESS
CONTROL NUMEBER

¥ALL NUMBERS SENT QUT?

*YES, LEAVE LOOP

¥NO» SET C=5 & RECYCLE

XLOALN CODE FOR LAEEL A

¥SEND IT OUT

¥LOAD BLANK CODE TO
RELEASE HF-97

XSEND IT QuT

XRETURN TO CONTROL FPROGRAM

XSAVE CONTENTS OF A& IN TEM
¥FICK OFF MOST 8IG., RYTE
X¥MOVE IT OVER




00040
00041
00042
00043
00044
00045
00046
00047
00048
00049
00050
00051
Q0052
000353
00054
00055
00056
DOO05Y
Qo058
00059
00040
00061
00062
00043
00064
Q0065
00064
00067
00048
00069
Q0070

TOTAL

Pk
QGool
00002
Q0003
Q0004
00000
Q0006
00007
Q0008
0000Y
Q0010
00011
Q0012
00013
00014
00015
QOOLE
Qo017
00018
goo19
Q0020
Q0021

7357
7358
7359
735R
735K
7361
7363
7265
7368
73469

736C
736F

7370
7373
7374
7377
7379
737C

7370

7ETF
7380
7382
7383
7385

44
44

8A 40
Bl 7369
E6 001C
84 OF
8A 40
BI 7369
39

B7 5002

BD 7377
4F

R7 5002
BD 7377
39

8é6 FF
Rl 7380
40

26 FA
39

Cé 26
5A

26 FI
39

0019
001a
QO1E
001C

ERRORS 00000

7394
7397
7399
739K
7IGE
FIA0
FIAT
7IAG
7348
73AA

73RO
73R
7RG
73RS
7IEY
73EC
PIRE

CE Q030
Ca 03
a4
BOO7E
86 33
ED
86 22
RBD 73LE
#s 11
BD 73EDE
Bt 730FR
CE 73BF
AH OO
BDY F21E
o8

a8 VIAINDE

26 FG
.
aY

JF4
ouT

I
LF2

DLY
LF3#

N

TEM

LEL

L.SR
LSR
ORA
JBR
LTI
AN
ORaA
JER
RTS
STA

HaM
o
OFRG
L IX
LA
LT
JER
LI
JER
LI
JER
LA
JER
JGR
LIX
LA
JER
INX

(M4

> D>

A

I
B

2}

440
ouT
TEM
$$0F
£$40
ouT

I
$5002
L

FEFF
DLy

LF2
624
LF3
$19
$1A

31k
$1C

QX

¥FORM CODE FOR HF-97

XGENDN IT 0OUT

¥RECOVER DIATA

¥FICK OFF LEAST SIG. RYTE

¥FORM FROFER CODE

XKEEND IT QUT

KRETURN

¥SEND CONE T HF-97
INTERFACE

*GO TO DELAY LOOFR

¥LOADN BLANK CODE TO
RELEASE HP-97

*GO TO DELAY LOOF

¥L0AL $FF AS TIMING CONTROL
XJUMF TO SECOND DELAY LOOF
¥DECREMENT CONTROL NUMEBER
¥RECYCLE IF NONZERO

RETURN TO OUTFUT SUBROUTINE
¥LOAD $24 AS TIMING CONTROL
¥DECREMENT R

¥RECYCLE IF NONZEROD

XRETURN TO FRIMARY DELAY LOO

ROL MU
444 FOR

A3ZIZI OFOR TOTHLE

*KETORE
FETORE 22822222238 FOR R+a
¥ETORE 1111111111 FOR A
¥JUMF TO HF-97 0UTFUT ROUTIN
¥LOAD STORTING ADDRESS
¥LOAD & CHaARALDTER
FPRINT LT

FIHCREMENT ADDRESS
AHAS LAST CHAR. NOPRINTED
NGy GET NEXT CHARACTER
£TESy RETURM
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QD022 FOARRTAGE RETURN = IR

00023 ¥LINE FEED = LF
00024 RGFACE =GP
OO025 7IBF QLCA S1 FIiE FONGAs $0H0A
7301 OA0H
Q0026 ¥CRLF o LF s LLF
00027 73C3E 4840 FLE $+A484C s $4E43
7305 AEAZ
00028 7307 43 FCR $43
00029 FHLNCE
00030 73CE8 0DOA FI'E $O00A
~ 00031 ¥CRoLF
00032 73CA 5620 FIE $54620, 312K
73CC 312E
00033 73CE 32 FCR $32
00034 kU GFs 1.2
0003% 72CF ODOA FLk $OI0A
00036 *CRyLF
00037 73D1 3132 FLE $31325%5204A$554C,$2037
7303 2044
7305 5354C
7307 2037
00038 7309 38 FCR $38
00039 X122 GF s JUL » SF 78
00040 730A OINOA FLE $0004» $0A0A
7300 0A0A
00041 ¥CRsLF s LFoLF
00042 73DE A7 00 ST STA A 0OsX ¥STORE $44,33,22, OR 11
00043 73E0 08 INX ¥INCREMENT STORAGE ADDRESS
00044 73E1 5A DEC B XDECREMENT CONTROL NUMEBER
00045 73E2 26 FA ENE ST XREFEAT IF NOT ZERO
00046 73E4 Cé& 05 Lha B #$5 ¥L.0AD NEW CONTROL NUMRBER
00047 73E&6 39 RTS ¥RETURN
00048 730E HF EQU $£730R
00049 720n SEND EQu 720K
00050 ENI

TOTAL ERRORS 00000
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HLNCC V 1.2

7000
7010
7020
7030
7040
7050
7060
7070
7080
7090
70A0
70RO
70C0O
7000
70E0
70F0
7100
7110
7120
7130
7140
7150
7160
7170
7180
7190
71A0
71R0
71C0
7100
71E0
71F0
7200
7210
7220
7230
7240
7250
7260
7270
7280
7290
7240
72K0
72C0
7200
72E0
72F0
7300
7310
7320
7330
7340
7350
7360
7370
7380
7390
73A0
73RO0
73C0
7300
7380
73F0

Note:

OF
73
20
7F
oC
86
ED
89
ED
k7
50
34
50
CE
OA
20
20
20
20

62
oC
02
FE

05

38
01
SA
o4
on
86
846
72
ED
DE
86

7F
0é
72
EE
OF
2C
12
?3
30
40
39
86
73
00
05
EB7
iC
B7
Cé

ED
CE
oA
0A
o8

8E
94
2E
00
Cé
30
70
4F
70
50
02
E7
o1
70
20
20
20
20
20

Fé
E?7
39
Eé

86
as
E7
26
5A
ED
30
09
40
72
20
20

00
84
[k
86
86
EL
7C

Cé
00

01
50
19
R7
00
84
50

26

73
73
OA
31

SA

01
56

R7
08
8A
00
1C
OoF
02
SA

LE
EF
oA
32
26

12 July

7F
70
30
20
F7
70
2A
00
4F
86
50
03
20
Ab
49
20
20
20
20

oc
08
S0

00

AO
A9
on
on
FS
Dk
11
OE
38
ED
86
72

FE
46
11

‘20

Bl
Lk
14

F7

56

00
764
40
1a
84
8a
RD
26

86
Ab
48
20
Fa

ED
AF
ED
05
00
9F
ER
17
E1
24
00
39
03
00
AL
20
20
20
20

70

00
20
=1}

00
24

19
00
KD
20
FO

73
FD
CE

22
00
ac
44

Cé

PROM LISTING
1978

70
86
70
cé
16
24
ED
26
00
E7
Eé
aF
86
ED
45
54
20
20
20

S8
00
2R
OF

A7
19
00

05

86
1A
73
N7
44
EI
77
39
00
EL
BD
AE
55
05

BS
28
9F
01
Fi
CK
70
06
18
50
50
E7
03
72
28
4F
20
20
20
CE
58
42
FE
81

03
27
69
86
44

39

30
73
72
43
4C
39

Blank areas are unused
tain random hexadecimal

LE
j 30

00
4T
26
OE
16
20
00

on
40

k7
02
7C

aa

44
69
B6

Cé
DE
(]2

20

70

ED

2E
o1

00
20
00
ED
44
39
FF

03
86
08
on
37

memory
codes.

B7
o2
86
18
27
kD
71
no
E1
2R
86
43
00
8C
43
4Cc
2F
20
20
86

S0

R7
01
7F
26
SA
86
86

kD
OF
02
kD
on

Lk

00
0A
Fé
00
01
72
26

05

86

1A
F3
19
73
(=1]
k7
EL

50
7F
31

86"

1A
70
36
7C

k7
3c
E7

71
29
53
41
41
20
01
02
50
00
4F
00
Fé

99
00

72
ED

72
27
?7
86
7F
14
Cé
00
12
E1l
LE
?E

€6
7F

CE
86
7A
69
40
50
73

44
ERD
73

on

02
00
BD

|31

20

ED

130

DE
20
oA

RD

ED

ED

73
DE
26
31
0A

70

13

LE
1390
FS
2E
OA

A%

330

RIl

ED

Lk

A7

70

locations that may con-
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APPENDIX D
NONSTANDARD LSI AND HYBRID COMPONENTS DATA

The data sheets in this section were selected primarily on the basis of
whether or not the described component was a standard series component. For
instance, most of the 74xx TTL and 4xxx/14xxx metal oxide semiconductor (MOS)
components in the HLNCC are listed in manufacturers' and second source data
books, so the data should be readily available. Within the three sections of
this appendix, the components are listed, first, alphabetically, and then by
the initial digits in the device number.

A. Analog Section
1. TP 1321/1322 (Preamp/Amplifier Operational Amp) . . . . . 99

B. Digital Section

1. AM 0026 (Level Shifter/Driver. . . . . . . . . « o« o . o101
2. Am 2804 (Accidental Delay Shift Register). . . . . . . . 107
3. CO 238 (Shift-Register Clock). « « « « ¢« ¢ v ¢ ¢ ¢« « . . 113
4. DS 8973 (Display Digit Strobe Driver). . . . . . . . . . 114
5. HCTR 4010 (4 BCD Digit Scalers). « « « « ¢« v ¢ ¢« ¢ o o & 116
6. MC 14411 (Baud Rate Selector). . « « v ¢« ¢« ¢« ¢ ¢ o o o & 125
7. MC 14517 (Gate Shift Register) . . . . . . . ¢« « ¢ ¢ .. 128
8. MC 14557 (Predelay Shift Register) . . . . « + « ¢« « . . 132
9. MC 6871A (Microprocessor Clock). « « v ¢ ¢ v o o « o & & 136
10. MK 5009 (Shift-Register Clock Dividers). . . . . . . . . 138
11. 5082-7430 (7 Segment, 3 Digit Displays). « « « « « «+ « . 142
12. 82583 (Gate Adders). « « ¢ ¢ ¢ ¢« ¢ v ¢ o o o v o o o o W 146

C. Power Supplies
1. O0P-07 (High-Voltage Power Supply Feedback

Buffer Amplifier). . « « ¢ ¢« ¢« ¢ ¢ v ¢ ¢ v ¢ o & .« . 150
2. PMS B 2-025-1A (High-Voltage Power Supply

DC/DC Converter) . . « « « « « « & S Y
3. WC(7-40) T 15/165 (Low-Voltage DC Power Supply

DC/DC ConV)e v v v & ¢« ¢ o o o o o o o« o o o o o .« o 161
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“WTELEDYNE PHILBRICK

1321/1

WIDEBAND, HIGH SLEW RATE
OPERATIONAL AMPLIFIERS

The 1321 and 1322 are amplifiers packaged in TO-99
cases which are second to none in low cost, high fre-
quency, high speed, and precision performance. Each has
been optimized for a particular set of applications.

These are true differential input amplifiers with stable 6
dB per octave gain vs frequency plots from maximum
open loop gain to closed loop gains between 3 and 10.

The 1321 should be used for precision settling (to
0.01%), high frequency precision closed loop gain, or
low bias current. Applications include a low cost, fast
12-bit voltage DAC from a fast current DAC, fast inte-
grators, and high gain precision differential input video
amplifiers.

The 1322 should be used when the 120 V/usec slew rate,
or 1.6 MHz full power frequency is required (both @
+10 V into 500 ).

APPLICATION

As with all high frequency devices. optimum perfor-
mance from the 1321 and 1322 demands care in lead
length, bypassing, and stray capacity. When operating at
closed loop gains of less than 10, compensation tech-
niques may be required at the bandwidth control pin
(pin 8) for stable operation. They are mandatory with
closed loop gains below 3.

Most applications operating at a gain of less than 10 are
stabilized by connecting a 20 pF capacitor between pin
8 and ground. The effect on the amplifier's Bode plot by
the stabilizing capacitor is shown in Figure 2. When gains
of greater than 10 are used, care should be taken to min-
imize stray capacity to pin 8. When maximum speed/fre-
quency response is required, pin 8 should be cut off
close to the TO-99 case.

When optimum response and settling time are required
at gains of less than 10, the amplifier must be “fooled”
and operated at a gain greater than 10 at high frequency
as shown in Figure 1.

These amplifiers will usually operate better with a 50 pF
load capacitor and 5 to 20 pF in parallel with the feed-
back resistor. Short, individual lines should be run from
the power supply to V. and to circuit power common.
In addition, + and -V ¢¢ pins should be bypassed to com-
mon at the device with 1 uF tantalum capacitors in par-
allel with 0.0] uF ceramic discs.

Maximum initial Eqg is 10 mV for the 1322 and 5 mV
for the 1321, so most low gain high frequency circuits
do not require zero trim components. However, an op-
tional potentiometer may be used as shown. Note, the
wiper of potentiometer is connected to +V¢.

A feature of both amplifiers is their ability to drive a
110 V high frequency signal into a 500 Q to 1 k§2 load.
This high output current is available with a quiescent
current of less than 4 mA in the 1321 and 6 mA in the
1322.

y
L.
o

FEATURES

Low Cost

Fast Settling — 0.01% in < 1 usec
Slew Rate — 120 V/usec

Full Power — 1.6 MHz

Open Loop Gain — 100 dB

Unity Gain BW — 100 MHz

Egut — t18 V@120 mA

APPLICATIONS
® Fast — High Frequency

Current to Voltage Converters
Video Amplifiers
Differential Amplifiers
Line Drivers
® Wideband Precision

;

o
AA

Figure 1. Optional Stabilizing Scheme
(for unity gain stability at high speed)

Reproduced with permission from Teledyne Philbrick, Dedham, MA 02026.
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1321/1322
SPECIFICATIONS (at 25°C, Ve = 215 V, Ry = 2K, unless otherwise indicated.)

1321 1322 0370 DA TO-99
i0940iD1a
Typical Guaranteed Typical Guaranteed } _
004 MAX T

OUTPUT RANGE (R( = 1K) {0 10IMAX i
Voltage 12V 0V 12V E3[Y e
Current 20 mA 10 mA 20 mA +10 mA 4# H

VOLTAGE GAIN (dc Open Loop) 100 18 98 d8 84 dB 76 dB T . #

050 MIN

FREQUENCY RESPONSE (Inverting) (1 27N

Small Signal {Unity Gain, Open Loop) 100 MHz © @ 70 MHz 20 MHz © - 0019 DA m] !
Max Peak to Peak Out (Triangle Wave) 600 kHz ©® 320 kHz 1.6 MHz ©@ 1.2 MHz ©048101a .~ 1
Slew Rate 35 V/usec @ 20 V/usec 120 V/usec 80 V/usec - 20 TYP
Settling Time 0.1% 400 nsec - 200 nsec - [ wsutve
Settling Time 0.01% 1.0 usec —_ 3.0 psec -

AN &

INPUT VOLTAGE RANGE g‘: ;'P
Comman Mode (dc Linear Operation) 2V FAERY 2V OV o2y
Differential {between inputs) 2V - 5V - }
Common Mode Rejection Ratio (dc) 100 dB — 90dB —_

tNPUT OFFSET VOLTAGE VIEW TOWARD PING
Initial {without External Trim) 3 mV 5 mVv *5 mV +10 mV T z
Zero Adjustment (Optional) —_— 100 k2 pot —— 20 k$2 pot 003.‘5 0045
Vs. Temperature 30uv/°C ®© —_— 30uv/°C ©® — 10 086 g
Vs. Power Supply 30 pviv - 30uvIv - DIMENSIONS 1N PARENTHESES

INPUT BIAS CURRENT Optional ARE EXPRESSED IN CENTIMETERS
Initial at 25°C £5nA 125 nA 100 nA 250 nA Eos Trim
Offset {Tracking) 5nA 25 nA 20 nA 50 nA 1321: 100K
Offset vs. Temperature +0.5nA/°C @ 0.8nA/°C ® 0.1 nA/°C © +0.5nA/°C ©® 1322 20K 1 Offset Adj.

INPUT IMPEDANCE 2 -In
Ditferential 300 M2 40 MQ 100 MQ 40 M0 3 +in
Common Mode (either Input 1o Common) 1000 M —_ 1000 M2 - 4 -Vee

NOISE (Referred to Input) 5 Offset Ad,.
Voltage rms 6 Output

Flicker (0.016 Hz to 1.6 H2) 4 uV (p/p) —_ —_— 7 +Vee
Midband (1.6 Kz 10 160 Hz) 0.6V (rms) - - |——— 8 Bandwidth
Highband {160 Hz to 16 kHz) 0.8 uV (rms) - - = Control
Wideband {10 Hz to 10 kHz} 1 uV {rms) - 1 uV (rms} ———

POWER REQUIREMENTS 20 pF stabilizing capacitor for
Voltage Range 18V 1to*22V — #BVio+20V —— closed loop gains less than 10
Current: Quiescent 3 mA +4 mA 4 mA 6 mA

TEMPERATURE RANGE 2
Operating (°C} 0to 70 ——— 0to 75
Operating {1321-01 - 1322-01) (°C) -55to +125 —_ -55to +125
Storage ( °C) —— -65 to +150 - -65 10 +150

OGxBW@A=10

® @ Ag| = 1, fy = 10 MHz (Typical)

D Ag=3

©Ag=5

® Average 016 $70°C for 1321, average -55 to +125 °C for 1321-01.

© Average 0°C to 75 °C for 1322, average 55 °C to +125 °C for 1322-01.

The input circuits of these units are protected to Vcc. Qutput circuits

are short-circuit protected to ground.

Recommended Power Supply: Teledyne Philbrick Model 2211

120 T 20

Vg ol l
- 100§ - o 1, -u% e T
< A =] opf
z o \ \’ 200 ) a® w 3 Y
= o e -, . 06
2 w0 NG N T:‘ L] NI NN oy 1000F
= Q40 5
g o _,l‘j?&_ N 22 3000+ N3N —Ney N 3
e of \ o= " N o -
g zc' Pl ‘\\k N >° 0 Nl T \~N m

1000 N -~
g L L N n [ 1 NN
S g I J 10 100 " 18% 100 ™ 10M 0oM
Freguency Hz

mlOHz 100H:  leHz  10kHz  IUOKHZ  IAHZ - 1OMH2
FREQUENCY Hz
Figure 2A. Bode Plot 1321

Figure 2B. Bode Plot 1322

Teledyne Philbrick makes no representation thai use of 11s modules in the circuits described herein. or use of other technical information contasned herein will not infringe on existing or
tuture paient rights nor do the gescriplions contained herein impty the granting of licenses to make. use. of sell equipment consiructed sn accordance therewith )

WU TELEDYNE PHILBRICK %% Sesion. ‘rwn: ity sbarsn e 522406

2M Reprinted in U.S.A. 4/81

Reproduced with permission from Teledyne Philbrick, Dedham, MA 02026.
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Am(Q02G/Am0026C

5MHz Two-Phase MOS Clock Driver

Y

wtinctive Characteristics

20 ns rise and fall times with 1000 pF load ® 100% reliability assurance testing in compliance with
20 V output voltage swing MIL-STD-883

:1.5 amps output current drive ® Mixing privileges for obtaining price discounts. Refer
High speed 5 to 10 MHz depending on load to price list.

FUNCTIGNAL DESCRIPTION

The Am0026 is a dual high speed MOS clock driver and long silicon gate shift registers such as the Am1402/3/4
interface circuit. The device is particularly suitable for series. A single clock driver is able to drive 10k bits at SMHz,
driving two phase MOS circuits and can provide high speed The device can also be used with standard dynamic MOS
operation even when driving into high capacitive loads. The RAMS such as the 1103 to provide address and precharge
device accepts standard TTL/DTL outputs and converts drive for memories up to Bk by 16-bits.

them to $MOS logic levels. The output pulse width of the

device is determined by the input pulse width. The device is available in an 8-lead TO-5, one watt copper
The Am0026 can operate with a variety of MOS circuits, A lead frame 8-pin mini-DIP, a one and one-half watt TO-8
popular application is a two-phase clock timer for driving package, and 3 14-pin ceramic package.

SCHEMATIC DIAGRAM
(One Driver Shown)

—Ov*

—
O—flm mmc —AAA- 'I
¥ q -
A ! .HQ—L.
————AAA
K $——ooumar

~

__1l<}
- i «

?& I

7

O v~
ORDERING INFORMATION CONNECTION DIAGRAMS
Top Views
14-Pin Ceramic DIP -Pin Mini
Package Temperature Order :‘ ame . 8-Pin Mini DIP
Type Range Number :2 = ’ , 3::
8-Pin TO-5 0°Cto 85°C MHO026CH outeur a 32 55 oureut e
8-Pin Mini-DIP 0°C 10 85°C MHO026CN ne Ch‘l &:w
12-Pin TO-8 0°C 10 85°C MH0026CG T & C’?‘ 0 weut 8
14-Pin Ceramic DIP 0°C 10 85°C MMH0026CL s e Ene
Dice 0°C to 85°C AM0026XC v P
‘ 8-Pin TO5 -55°C 10 +125°C  MHO026H - 8-Lead TO5
12-Pin TO-8 —-55°C 10 +125°C  MHO0026G
14-Pin Ceramic DIP  —55°C 10 +125°C  MMHO0026L
Dice —55°Ct0 +125°C  AMO026XM
Copyright © (1974) Advanced Micro Devices, Inc., Sunnyvale, CA 94086. Repro-

duced with permission of copyright owner. All rights reserved.
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MAXIMUM RATINGS (Above which the useful life may be impaired)

Storage Temperature -65°C to +150°C
Temperature {Ambient} Under Bias -55°C to0 +‘l25\‘c
Vv* -V~ Differential Voltage 2y
input Current 100 ma
Input Voltage (Vin=V") 55V
Peak Output Current 1.5A
Power Dissipation See curves

ELECTRICAL CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (Untess Otherwise Noted)

AmM0D026C Ta = 0°C 10 B5°C (COM Range) v'_vT=10Vic20V
AmMO026 Ta = -55°C 10 +125°C (MIL Range) Unless Otherwise Specitied
Parameter Description Test Conditions (Note 1} Min. Typ. (Note 2) Max. Units
V=450V, VT =-120V
VoH Output HIGH Voltage VIN=-95V : e o Volts
ViN-V™ =25V VT +0.5 VT+1.0
vte450v, Vo =120V
~ Voo Output LOW Voitage Vin=-11.6V 0 2 Volts
VIN-VT =04V vt-oio vt.o7
Vin input HIGH Levet VouT " V™+1.0V 2.5 15 Volts
ViL Input LOW Level Vour=Vvt-1o0v 0.6 0.4 Volts
I Input LOW Current VIN=V™ =0V, Voyur=V*-10vVv -0.005 -10 uA
h Input HIGH Current VIN=VT =25V, Voyr =V~ +1.0V R 10 15 mA
Icc on “ON"" Supply Current ViovT =20V, ViN-VT =25V 30 40 mA
ice OFF “OFF"* Supply Current V’—V—-ZOV,V|N-V"O.OV 1.0 100 HA

Notes: 1. Thq:c specifications apply for v¥—-Vv~ =10V 10 20 V, C = 1000 pF, over the temperature range -55°C t0 +125°C for the Am0026 and 0°C to
+85 C for the AmD026C.
2. All typical values for T4 = 25°C.

Switching Characteristics {Notes 1 and 2 Above)

Parameter Description Test Conditions Min, Typ. Max. Units
WPHL Turn On Delay 5.0 75 12 ns
PLH Turn Off Delay 5.0 12 15 ns

V* -V« 17V, CL = 250pF ) i2
1, Rise Time (Note 3) VY~V =17V, C| = 500pF 15 18 ns
VY- vT=17V,C_ = 1000 pF ] 20" 35
VYo v-«17V,Cp = 250pF 10
1y Fatl Time (Note 3) L V'~ v-=17V,Cf = 500pF 12 16 ns
J [ V¥ —VvT =17V, € = 1000 pF 17 25

Copyright ° (19/4) Advanced Micro Devices, Inc., Sunnyvale, CA 94086. Repro-
duced with permission of copyright owner. All rights reserved.

102



)

TYPICAL PERFORMANCE CHARACTERISTICS

] Power Ratings Power Rating DC Power (Ppc)
TO-5 & 8-Pin DIP TO-8 & 14-Pin DIP Versus Duty Cycle
a0 -
12 T a~0CN SOLDENED TO K | 30 i \ | ] Tae2°C | | | i
BLARD WITH B CY [ ¥B0lc .0 Y, ;
ZONDUCTONS AmCO285 & &=OOP6CG th L ' H .9 \
; z 10 2 x 0N WIDE l——‘ g 25T salemmrecuieon T 320 A >
| ,/ . NIAND A ) t WEAT SINR (TwERMALLOY i i . ‘\/ \‘\ N
z N STHLL AR WITH CLIP z 20 N T on rou) 280 - 'y
o os ; O HEAT SINK o ¥ - ra : * z [ A
= ! . / ! = | AmO00G & £ 20—/ 5
& . N N . AmQOACE N STILL AVR 1 i . !
S o6 - D 2 s - x 200 f—
4 ) TN 2 NG i 1 o LS
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SWITCHING TIME WAVEFORMS

sv
J “ \
Vin INPUT (o o VCE (SAT)

ouTPUT

AC TEST CIRCUIT
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ViN=SY
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W05

1= < 10m

VT =200V —

APPLICATION INFORMATION

POWER DISSIPATION

The total average power dissipation of the Am0026 is the sum
of the DC power and AC transient power. This total must be,
less than the given package power rating.

Ppiss = Pac + Ppc < Pmax.

With the device dissipating only 2 mW when the output is at
a HIGH voltage (MOS logic 0"}, the dominant factor in
average DC power is the duty cycie or fraction of the time
the output is at a LOW voltage level (MOS logic *“1”). For
the shift register driving where the duty cycle is less than 25%,
Ppc is usually negligible. For RAM address line driver applic
cations Ppc dominates since duty cycie can exceed 50%.

DC Power per driver:
DC power is given by,

Ppc = (VY -V7) x !s (Low) x Duty Cycle_
where Is (Low is IsuppLy (ON) aT (WY —V7)

+
IsuppLY (ON} is 40 MA x (%\\/,.) worst case
} +_y-
or 30 mA x (X?i) typically

AC transient power per driver:
AC transient power is given by,
Pac=(Vt—VvT)12xCL-xfx 1073 inmW

where f=frequency of operation in MHz and C, =load
capacitance including all strays and wiring in pF.

PACKAGE SELECTION

Power ratings are based on a maximum junction rating ot
175°C. The following guidelines are suggested for package
selection. Graphs shown in the Performance Curves illustrate
derating for various operating temperatures,

TO-5 (“H") Package: Rated at 600 mW in still air (derate at
4.0mW/°C above 25°C) and rated at 900 mW with clip-on
heat sink (derate at 6.0 mW/°C above 25°C). This popular
hermetic package is recommended for small systems. Low
cost (about 10¢) clip-on-heat sink increases driving power
dissipation capa.bility by 50%.

B-pin (“N’") Molded Mini-DIP: Rated at 600 mW still air
(derate at 4.0 mW/°C above 25°C) and rated at 1.0 watt
soldered to PC board (derate at 6.6 mW/°C). Constructed with
a special copper lead frame, this package is recommended for

4.4 medium size commercial systems particularly where automatic

Copyright © (1974) Advanced Micro Devices, Inc., Sunnyvale, CA 94086.

insertion is used. (Please note for prototype work, that this
package is only rated at 600 mW when mounted in a socket
and not one watt until it is soldered down.)
103 (Ppay Req =103 (V¥ —V7)2 Duty Cycle)

n Req (VI -V7)2 x f
where n is the number of drivers used in the package.

C {max.} =

Pmax. 15 the package power rating in milliwatts for given
package, heat sink, and maximum ambient temperature.

Req is the equivalent resistance (V¥ —~V7)/ig(Low) = 5009
(worst case over temperature or 600 £ (typically).

Duty cycle is the fraction of the time that the output signal is
in the LOW state.

f is the input signal frequency in MHz,

CL(max.) is the maximum load capacitance per driver in pico-
farads which can be driven without exceeding device power
limits.

When used as a non-overlapping two phase driver with each
side operating at the same frequency and duty cycle, and with
{(V*=V7) ~17V, the above equation simplifies to

103 [Prmax.
=AML | mex, Il l
Cp r [578 Duty Cycle

Table | gives maximum drive capability for various system
conditions using the above equation.

PULSE WiDTH CONTROL

The Am0026 is intended for applications in which the input
pulse width sets ghe output pulse width; i.e., the output pulse
width is logically controlled by the input pulse. The output
pulse width is gfven by:

(PW)OUT = (PW)|N +t, + 4 =PW)y +25ns

Two external input coupling capacitors are required to perform
the level translation between TTL/DTL and MOS logic fevels.
Selection of the capacitor size is determined by the desired
output pulse width. Minimum delay and optimum performance
is attained when the voltage at the input of the Am0026 dis-
charges to just above the devices threshold (about 1.5 V). If
the input is allowed to discharge below the threshold, i,
and t; will be degraded. The graph in the Performance Curves
shows optimum values for Cyy versus desired output pulse
width, The value for Cyy may be roughly predicted by:

Cin = (2 x10-3) (PW)ouT
For an output pulse width of 500 ns, the optimum vatue for
Cin is:
Cin = (2 x 10-3) (500 x 10-9) = 1000 pF

duced with permission of copyright owner. A1l rights reserved.
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RISE AND FALL TIME CONSIDERATIONS (Note 3)

The Am0Q26’s peak output current is limited to 1.5A. The
peak current limitation restricts the maximum load capacitance
which the device is capable of driving and is given by:

1= CL% <15A
The rise time, t,, for various loads may be predicted by:
t,={AV) (250x10-12+C}
Where: AV = the change in voltage across C_
=yt
C, = The load capacitance
for V¥ —v~ =20V, C_ = 1000pF, t; is:
t, = (20 V) (250 x 1012 +1000 x 10-72)

=25ns

For small values of C, the equation above predicts optimistic
vajues for t,. The graph in the performance curves shows typical
rise times for various load capacitances.

The output fall time (see Graph) may be predicted by:

c
t132.2R<C5+ L >
heg +1

CLOCK OVERSHOOT

The output waveform of the Am0026 can overshoot. The
overshoot is due to finite inductance of the clock lines. It
occurs on the negative gning edge when Qy saturates, and on
the positive edge when Qj turns OFF as the output goes
through V+—Vbe- The problem can be eliminated by placing
a small series resistor irrthe oufput of_the . AmD026 The

critical valve for Rg = 2L C_ where L is the self-inductance’of
the clock line. In practice, determination of a value for L is
rather difficult. However, Rg is readily determined emperically,
and values typically range between 10 and 51§2. Rg does
reduce rise and fall times as given by:

t, =1, = 2.2Rg C,

CLOCK LINE CROSS TALK

At the systenﬁ level, voltage spikes from ¢4 may be transmitted
10 ¢, {and vice-versa) during the transition of ¢; to MOS logic
1" The spike is due to mutua! capacitance between clock
lines and is, in general, aggravated by long clock lines when
numerous registers are being driven. Transistors Qg and Q4
on the ¢, side of the Am0026 are essentially “OFF” when
¢, is in the MOS logic 0" state since only micro-amperes are
drawn from the device. When the spike is coupled to @5, the
output has to drop at least 2 Vgg before Q3 and Q4 come on
and pull the output back to V*. A simple method for elimin-
ating or minimizing this effect is to add bleed resistors between
the Am0026 outputs and ground causing a current of a few
milliamps to flow in Q4. When a spike is coupled to the clock
line Qg4 is already “ON’’ with a finite h¢. The spike is quickly

clamped by Qg. Values for R depend on layout and the’

number of registers being driven and vary typically between
2k and 10k 2.

POWER SUPPLY DECOUPLING

Adequate power supply decoupling is necessary for satisfactory
operation. Decoupling of V* to V™ supply lines with at least
0.1 uF noninductive capacitors as close as possible to each
AmO0026 is strongly recommended. This decoupling is neces-
sary because otherwise 1.5 ampere currents flow during logic
transition in order to rapidly charge clock lines.

TABLE | — WORST CASE MAXIMUM DRIVE CAPABILITY FOR Am0026*

TO-8 with TO-8 Mini-DIP TO-5 and Mini-DIP 14-Pin DIP
Package Type Heat Sink Free Air Soldered Down Free Air Soldered Down
Max.
o:r'.:ing Duty Lol 60°c | #s°c | so°c | 8s°c | &0°c | 8s°C | s0°C 85°C 70°C
Frequency Cycle
100k Hz 5% 30k 24k 19k 15k 13k 10k 7.5k 5.1k Mk
500k Hz 10% 6.5k 5.1k 4.1k 3.2k 25k 19k 1.4k 1k 2k
1MH2 20% 2.9k 2.2k 1.8k 1.4k 1k 840 600 420 860
2MH2 25% 1.4k 1.1k 850 650 540 400 280 190 390
5MH2 25% 620 470 380 290 220 160 110 75 165
TOMMz 25% 280 220 170 130 110 79 55 37 90

*Note: Vaiues in pF ano assuma bOth sides in use as non-overlapping 2 Phate driver. each tide 0Dereting at same frequency snd duty cycie with (V° =V ™1 = 17V,

™

jvﬁv

TYPICAL APPLICATIONS

DC Coupled RAM Memory Address
or Precharge Driver (Positive Supply Only)

AC Coupled MOS Clock Driver

=
—

AmO028

——0

TWO PHASE
CLOCK 10
SHIFT REGISTERS

P!
-2V

EARA"
00pF 6

o

TO ADDRESS LINES
oN 1Y
MEMORY DEVICES
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TYPICAL APPLICATIONS (Cont.)

Logically Controlled AC Coupled Clock Driver

g ~O +5V
i [e L
,I 0.1uf
€5 4000F -
]' \ A 7 5
1/ LAy
_.rL Am140Z 10
° FLIP-FLOP 2 """‘fn ‘ga‘;"* ADDITIONAL
T cloek AND G REGISTER et
INPUT _ REGISTERS
2o €3 4000F
j \ it S
I — |
= J—L AmOD26CN
L I2
Ralkd ] = 0 -12v
b fo e
" I
A __I—L__n___L CLOCK INPUT - 2 1o
P
h Am9601 —] b
ONE SHOT ONE SHOT OUTPUT ~ ADJ PULSE WIDTH
..__I I__—l [— PHASE ONE OUTPUT
3 8
I l PHASE TWO QUTPUT
IE
DC Coupled MOS Clock Driver Metallization and Pad Layout
-Sv
T 0.1 uF
16
‘| 4
:;u
:zn 1 *“
" 2 QuTPUT
O;D_Dc 7 ¢ ouTRUT A L— outeuTe
“ INPUT A “—— INPUT B
> 1k
m:fn 2
‘. oTuPUT
‘ o
B
Am0026
3 0.14F
Q —
~t2v = DIE SIZE 0.063" X 0.078"

PHYSICAL DIMENSIONS

8-Lead Metal Can (H) 12-Lead Metal Can (G)  8-Pin Molded Mini-Dual-in-Line (N)

B e Boue

14-Pin Ceramic Dual-In-Line (L}

B TR EEmnm ISP
Py — ! — I : PR e 0
o b I.lll_flh l; n = E?’.“'. AR 1
T » : — ]
e N ] P A —
e [ e . - K]
e W0 LTEEFERY o o - .
T e oy Vo PR T Y ———n, ol
- N\~ A 8 warne ?
i o - " LY
i)~ GL! lpooonoed S d [T
- L Oy ip e P
T A 11 . v |. —1 ] 1
L .., . o L P P
S e = & = =
%
BOTTOM
VIEW Note: Aili dimensions in inches,
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Ami402A/1403A/1404A
Am2802/2803/2304

1024-Bit Dynamic Shift Registers

Distjnctive Characteristics
® Quad 256-bit, dual 512-bit, single 1024-bit

s 10 MHz frequency operation guaranteed for Am2802,
Am2803 and Am2804.
» Low power dissipation of 0.1 mW/bit at 1 MHz

e DTL and TTL compatible

e Both military and commercia! grade devices available

o 100% reliability assurance testing in compliance with

MIL-STD-883.

e Electrically tested and optically inspected die for the
assemblers of hybrid products

The Am1402A, 3A, and 4A are 1024-bit silicon gate dynamic
shift registers. The low threshold characteristics of this tech-
nology allow high-speed operation and DTL and TTL com-
patibility. The Am1402A is a quad 256-bit device; the
Am1403A js a-dual 512-bit register; and the Am1404A is a

FUNCTIONAL DESCRIPTION

single 1024-bit register. All three devices require two-phase
non-overlapping clocks, and provide a one-bit shift on each
clock puise. The Am2802, 3, and 4 registers are functionally
identical to the Am1402A, 3A, and 4A, but are guaranteed to
opérate over frequencies from 400Hz to 10MHz.

Am1402A/1403A/1404A Shift Registers

BLOCK DIAGRAMS

Functional Equivalent of Each Register

nuTS2 48

oy s ' N20TS
™ s

3 ?
b b
)
'2—-{; 1M Ty
3 1 Am1404A/Am2804
" 1
2 o, 12 ems oy 1
——
. [ szeTs Oy 5

DATA NPT ><

' NIMITS
™

LU XTI TN

Uy
1
REENE

(u « MASTER uuu)
S s ELAVE ENABLE

U
oL
EEERE

F—fw

DaTA N

Since the two registers shift on opposite clock pulses, 8 new
data bit is entered on both ¢ and &,. Data entering the
register on 4 will appear at the output on =2 (from the
negative edge of ¢4 10 the negative edge of 02).

hl K] B A E K k] E/' & B/ &/ B/ A Il_%ﬂbﬁm,J |

Am1402A/Am2802
ORDERING INFORMATION CONNECTION DIAGRAMS
Standard Extended Top View
Part Package Temperature Speed Range Speed Range Am1402A/Am2802
Number Type Range Order Number  Order Number oUTRT 1 R et
Amianga, HermeticDIP 0°C10+70°C  AMI1402A AM2802DC ,,U,"‘,E :
2802 Hermetic DIP  -55°C,10 +125°C  AM1402ADM  AM2802DM =B
Molded DIP 0°C1o +70°C AMJ402APC AM2B0O2PC vee s
Amttoza 1O 0°Cto+70°C  AM1403A AM2803HC ed:
2802 T0:99 —55°C10+125°C  AM1403AHM  AM2803HM s
Molded DIP 0°Cto+70°C  AM1403APC  AM2B03PC Am14034/Am2803
T0-99 0°C-to +70°C AM1404A AM2804HC
AMIIONAI 1099 —55°C1o125°C  AMISOAAMM  AM2B04HM
Molded DIP 0°C 10 +70°C AM1404APC  AM2804PC,
~ !

Copyright © (1974) Advanced Micro
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MAXIMUM RATINGS (Above which the useful life may be impaired)

Storage Temperature —65°C to +160°C
Temperature Under Bias —55°C to +125°C
Power Dissipation (Note 1) . 600 mW
Data and Clock Input Voltages with respect to most Positive Supply Voltage, Ve 03Vio-20V
Power Supply Voltage, Vp, with respect to Ve 0.3Vto 20V

OPERATING RANGE

Part Number Vee Vop Temperature Range
Am1402A, Am1403A, Am1404A 5V +5% ~4.75V 10 -9.45V 0°Cto+70°C
Am1402ADM, AM14Q3AHM, AM1404AHM 5V 5% -4.75V to -9.45V -55°C to +125°C
Am2802DC, Am2803HC, Am2804HC 5V £65% -5V 5% 0°C to +70°C
Am2802DM, Am2B03HM, Am2804HM 5V £5% -5V 6% -65°Ct0+125°C
ELECTRICAL CHARACTERISTICS OVER OPERATING RANGE (Unless Otherwise Noted) .
_ _ Am1402A, 3A, 4A Am2802,3,4
Parsmeters Description Test Conditions Min. Typ. Max. Min. Typ. Max, Units
Vin fnput HIGH Voltage Vee-2.0 Vee-2.0 N v
ViL 1nput LOW Voltge Vee-10 Voo -4.2 Vee-10. Vee-4.2 v
n - input Current Ta=25°C <10 500 <10 500 nA
1) Output Leskage Current Ta=25°C, VouTt =0V <io 1000 <t0 1000 nA
[P Clock Leakage Current _Ta=25°C, Vg = =12V 10 1000 10 1000 nA
L Ry = 3k to Vpp.
Output HIGH Voltage Driving TTL VDD = -5V 5% 24 3.5 vee-to Vee=t
. R * 4.7k 10 VpD, vee-1.9 vee-!
Output HIGH Voltage Driving MOS Vee-1.9 Vee-t
) * Vpp = -5V 5% cc cet (Noe2} | (Note2)
Vou R 4.7k w0 V v
. L= 4.7k 10 VpD. :
t HIGH Vont D TTL 24 X
Outpu oltage Driving VDD = -9V 15% 36
" Ry = 6.2k 10 Vpp. 3.8k to Vee
4 t HIGH Voltage Driving MOS Vee-1.9 Vee-t
Oute 90 Driving Vpp -9V :5% cc cc
Vop = -5V15%,
Ry =3k 1o Vpp. loL = -1.6mA -03 05 ro—03 05
VoL Output LOW Volage v
Ry = 4.7k 10 Vpp 23 os 5
Vpp = -9V :5%, gy = -1.6mA " ) i
VoH Clock Input HIGH Level Vee-1 Vee+0.3 Vee~? Vee+0.3 v _
v = -5V 5% Vee-15 vee-17 vee-t -
VoL Clock input LOW Level oo ce cc cc-'s vee-17 v
Vop = -9V 6% Vee-12.6 T Veeg-147
- 5MHz Dets Rate | TA = 25°C 40 50 ) 50 ]
(:E“ W | VoD Current, Vpp = -5V 1% 33% Duty Cycle | Ta=0°C 56 56 mA
VoL = Vce~17V T4 =-86°C
Vpp Current, Vpp = -5V 5% A - Lod
10MHz Data Rate [ TA=25°C 50 60
40% Duty Cycle Ta=0°C 68 mA
Vel = Vee-17 Ta=-55"C 80
1nn (-0) 3MHz Dstd Rate | TA = 25°C 30 40 30 40
(SD' Wi Vpp Current, Vpp = -9V 6% 26% Duty Cycle Ta=0°C 45 45 ™A
ote -
s VOL - Voe-14.7Vv Ta= -55°C 80 ".

Copyright © (1974) Advanced Micro Devices, Inc., Sunnyvale, CA 94086. Repro-
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SWITCHING CHARACTERISTICS AND OPERATING CONDITIONS (Over Operating Range)

Am1402A/Am1403A/Am1404A

Test Conditions

Vo= =5V 5% Voo = ~9 V 25%
(Test Load 1) (Test Load 2)
Min. Typ. Max.. Min. Typ. Max. Units

Parameter Description
fc Ciock Frequency Range (Note 1) 2.5 |(Note 1) 1.5 MMz
tq Data Repstition Rate (Note 1} ~ "50 {MNote1) 3.0 MH2
toPW Cleck Pulse Width 1 0.13 1.0 0.17 10 us
o9 Clock Pulse Delay (Note 2} 1opy = 130 ns 10 (Note2)| 10 (Note2) | ns
1, Clock Pulse Rise/Fali Time 1000 1000 ns
ty Data Set Up Time =y <50ns 30 30 60 60 ns
th Data Hold Time te = tf < 50 ns 20 20 20 20 ns
tod + tod— Clock 1o Data Qut Delay 90 110 ns
CiN® Input Capacitance @ Y MHz, 250 mVPP 5 10 5 10 pF
Cout’ Output Capacitance @ t MMz, 250 mVvPP 5~ 10 5 10 pF
Co* Clock Capacitance @ 1 MHz, 250 mvPP 110 140 110 140 | pF

SWITCHING CHARACTERISTICS AND OPERATING CONDITIONS (Over Operating Range}

Voo = =5V =5%

Am2802/Am2803/Am2804 Clock Pulse Width = 70nsec
Clock LOW Level = (Vee-15) (Test Load 1)
Parameter Description Test Conditions Min, Typ. Max.
fe Clock Frequency Range tr=1=10ns {Note 1} o 5.0 (Note 4) MHz
tg Data Repetition Rate (Note 1) {Note 3) 10.0 (Note 4) MH2
topwW Clock Pulse Width 0.07 10 us
wy Ciock Pulse Delay topw = 70 ns 10 _ {Note 2} ns
g, tp Clock Pulse Rise/Fall Time 1000 Ln
tg Data Set Up Time 30 ns
th Data Hold Time 20 ns
tpd+, tpd- | Clock 1o Data Out Delav. 90 ns

Notes:

1. Ses minimum opersting frequency graph for iow iimits on data rep. rate.
2. Upper limiton tod is determined by minimum frequency.

3. -See mex clock pulse delay graph for guerantee
4.

For additional information on 10MHz operation [5MHM2 clock rate) see AMD eapplication note dated July 1973 on “Applications of Dynamic

Shift Registers.’”

DESCRIPTION OF TERMS

OPERATIONAL TERMS

Vou Minimum logic HIGH output voitage with output HIGH ¢urrent
lon flowing out of output.

Vo Maximum logic LOW output voltage with output LOW current
lo, into junction of output and load resistor.

V. Logic RIGH input voltage.

Vi Logic LOW input voltage.

Vo, Clock LOW input voltage.

Vou Clock HIGH input voltage.

I, Input leakage current.

lo  Output leakage current.

lop Power supply current,

Cw [nput capacitance.

Cy Input clock capacitance.

Coyy Output capacitance.

FUNCTIONAL TERMS

8, ¢, The two clock phases required by the dynamic shift register.
f. The clock frequency of the shift register.

ty The input data repetition rate.

Copyright © (1974) Advanced Micro Devices, Inc., Sunnyvale, CA 94086.
duced with permission of copyright owner.

SWITCHING TERMS

t¢, The delay between the LOW to HIGH transition of a clock
phase to the HIGH to LOW transition of the other clock phase.
tz,w The clock pulse widths necessary for correct operation.

t, t, The clock puise rise and fall times necessary for correct op-
eration.

t, The time required for the input data to be present prior to the
LOW to HIGH transition of the clock phase to ensure correct op-
eration.

L, The time required for the input data to remain present after the
LOW to HIGH transition of the clock phase to ensure correct op-
eration.

ts. The propagation delay from the HIGH to LOW clock phase ¢,
transition to the output LOW to HIGH transition.

e The propagation detay from the HIGH to LOW clock phasé ¢,
transition to the output HIGH to LOW transition.

A1l rights reserved.
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SWITCHING WAVEFORMS @
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POWER CHARACTERISTICS

Minimum Operating Data Rate
or Maximum Clock Pulse Delay
Versus Temperature
{For Small Duty Cycles)
10k — - 10-4

10H Versus Vo

Ve ' ' . ] Ay B R/ R’ B B/ B/ =&/ = B & &
W Ii[:%agj::j R K R d!'

o
o
| P v v o R
! i H ! i Vcc-‘4.75 i i ; H .
s =] Fvpp = ~4.78 +———r————t—if
- 5333 ! -3 oo N T
T ; Gu““b : ] 10 z “ gl vigr-10281 | .
3 . . [ v
E z Py
o100 | ! ! / 10-2 8 < : ]S'C >
w | ks w 3 | 2 i R
< < g 20 L L
« < > z /k‘,c.,-————
< 10 ” -t g S5 A 1 [
— i -
g ] g A
L~ < 10 |
1 [ /. : ] 1
- 2 A i ] |
Vpp = -5V OR S 7 + T H
VDo = -9V H | i ! | i
04 < - X ol= i
0 10 202530 40 50 60 70 2 § 4 3 2 1 0-1-2-3-4-5-6
AMBIENT TEMPERATURE - ¢ Vou
Typical Range of tpd+
Versus Temperature IDD Versus Clock Duty Cyclg
60 100 -
[T ] ! IR ERLINEVIN
- n
50 - —t : | | Veg s 4475 g o T /e vee- 525
| L1 o .| vop = —46 i : 11 | Voo -945
] A\J““G T i 1| vimg=e31s I T Vike rees
E 40— —— — viLg=-9.75 T w0 ViLc* ~9.45
[ - : P : FREQ. = 1MHZ |
% [ o Topw = 700 o —_——
S | - 3 B Vee = 5.25
LA S L Vpp ~ -5.25
20 L L] 1 - Ving = +45
: = 3L Vige s =1178
T e
o [ ;.|.|::|1!!1!,]‘v:
10 . o1 2 : H Liy
25°C -85 1% 25 65 125 oo 0.1 1 10 100

TEMPERATURE -~ “C PERCENT DUTY CYCLE
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APPLICATIONS
-256-Bit Delay

Write Recirculete Logic

L= Vee
[ 4
i w
f § ~ 1 256 AN
a3 = ,l A
DATAIN R b AAA——————4
2 s f 256 A
8 i N L= 1
- ~ —AAA————dq
= s - 2
s 3 L >
GND —d w Vbo
"
Am1402
DATA OUT 2664
WRITE/RECIRCULATE ALL RESISTORS ARE 3«kQ
DTL/TTL To MOS To DTL/TTL Interface
vee
|
1 i
] 1 l R, Load Resistor Values
ER %R"’ for Dltferent Vy;, Supplies
vee vee
muou/:qu H ~m1w2w3~6:n VCc =5V VCC =5V
" ” ' 0 2 5 oTUTT Yoo =5V Voo =8V
DTUTTL 62 Vpp VoD L
] Rz l ALy R, 3.0k 4.7k
| R, 4.7k 6.2k
o R Not 39k
Y required '
o1 62
Vine U ViMe
vite U vie
PHYSICAL DIMENSIONS
Dual-In-Line Me(,]
AAAALNNA wwh
0 0 ( %nu
2%

\“‘\0\“ o = o

a

EATING 'l_ .‘
ol LAN[

um
lL.:AD:

H'J[]ﬂ__L

00‘!

L— "“xyp' Iﬁ[ CN!II
' [}
FTYVVY =T, ¥
'?—— I i P —— T
S s ®
1402472802 1403A/2803 1404A/2804

PAD | PIN SIGNAL | PIN SIGNAL | PIN SIGNAL

1 1 ouT1

2 3 INt 2 IN1 2 IN

3 4 01 3 ¢ 3 ¢1 Lot

4 5 Vee 4 Vee 4 Vee

5 [ OUT 2 5 ouT 2 5 ouT ADV’:ﬁgsg
6 8 iIN2

? 9 ouT 3 DE VICES INC.
] 10 IN3 6 IN2 7 ¢2 ,90% Thompson Place
] 1" ¢2 7 ¢2 Sunnyvale
10 |12 Vop 8 Voo California 94086
1|14 ouT4 | 1 outT1 | 8 Vop ; ) (408) 732-2400
12 | 16 INg ‘ ¢ 3 TWX: 910-339-9280

- DIE SIZE .109" X .131" TELEX: 34-6306

Copyright ™® l|§715 Advanced Micro Devices, Inc., Sunnyvale, CA

duced with permission of copyright owner.
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VERSATILE LOW PROFILE SMALL DIP COMPATIBLE MINIATURE LOW PROFILE DORIVES ECL DRIVES CMOS
(Brosd range of foniy 0.3° nigh fonly 2 cu. m.) (Plugs 110 14 pu DIP COMPATIBLE DIP COMPATIBLE (Up 1o 200 MHz) (With 1-2 ma typical
Iraquencies with raquencres DiP witn srequency (Onty 35° migh ang (o 225 mign) current drain}
and options} a3 10w as 200 KHZ) a5 tow a5 20 KMz} onsumes spece af
single 14 pin DIP)
MODEL C0-231 CO-231L C0-232 C0-235 CO-238 C0-239 CO-233M C0-236
TTL/DTL COMPATISLE
Fan Out: 10 TTL loads
outPut Logic 0: 0.4V max, sink 16 ma N ECL COMPATIBLE CMOS COMPATIBLE
Rl Logi 2 4V min, source 2 ma
Symmetry:  50/50 = 15% (improved symmetry optional}
(Above 30 Mir, ve cepabillty of CO-731 Gacremeen: 1 100 MNE 1 adves 2 Scnomiy TTL loscnt
FREQUENCY 1 Hz thru 100 MHZ 200 KHz thiu 30 MHz 3 MHz thru 30 MHz 20 KHz thiu 30 MHz 3 MHz thru 100 MHz 4 MHz thry 100 MHz 1 MHz thru 200 MHz 01 Kz thru 10 MHz
CO-233M: ~15VDC £10% 515 v0C to 6 MHz
INPYT 5VDC =5% 5 VDG =5% 5VDC 5% 5VDC = 5% 5VDC 5% 5V0C =5% CO-23IME: —=52VOC 5% (115 voG for ratmang wantiy
{to — 30 VDC optional) Ivout balow 300 Xe1
S1ZE 1957 x 1% x Ve~ 1T x 1% 2097 T x Bt e x 1% x %” 0.5 x 08 x 035 1.47 %87 x 2257 a1 x e 1Y x 1 x Yt
ACCURACY A "
Marimom eror CO-231: =.001% CO-231LA: +.005% €0-232: = 001% €O-235: -+ 001% CO-238A: =.005% CO-230A: + 005% CO-233M: +.001% C0-236: + 001%
a25-Ch *CO-231T: =.0001% CO-231LB: =.001% *C0O-232T: = 0001% “CO-235T: - .0001% CO-2388: = 001% €O-2398: = 001% *CO-23IMT: = .0001% *CO-236T: + 0001%
TUNING OPTION® YES® NO YES® YES® NO NO Yes* YES®
“Models with "7 suffix include tuning adjustment with nominal range of =50 ppm below 25 MHz and = 15 ppm above 25 MHz — setability is <.+ 0001%
Standard: +20°Cto +30°C: +.0005% and
0°Clo +70°C: - 0025%
—10ption: —55°C to +85°C: = 005% {—40°C 1o +85°C for CO-236-1. and for CO-231-1 below 8 KHz)
e TuRE - —20ption:  ~55°C 1o +125°C: +.005%
~30ption:  0°Cto :-.0003% (not available for CO-231 below 8 KHz, CO-238 below 4 MHz or CO-236 below 2 MHz}
-40ption:  0°Cto 0001% f{only for CO-231 in 3-20 MHz range} .
-60ption:  0°Cto 1% o .
-80ption:  0°Gto 1 £.01%  (includes initial accuracy) .
Other stability specifications .
Other ions and pin patterns -
Fully solder sealed unils oLt ;
OPTIONS Auggedized types for high shock and vibration PR
Mullipte output units OTE wth relasrd stabiiity al
Voliage frequency control (VEXO) in CO-231 Type Teequencies it 500 Ke. crrent
s com or lenimeanly educed
1
=)
" ¥
MOUNTING " osole 1 oTiomat
W sosq w CO236T
.50 -

(Maihongs B0 mot sbpess 4wl - Tor reRrrace eatn)

Wbl

fg!
L

| Gloch Gsciliators

Reproduced with permission from Vectron Labs, Inc., Norwalk, CT 06850.
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N Display Drivers
474

NATIORAL

DS8973, DS8974, DS8976 LED 9-digit drivers

general description

The DS8973, DSB974, and DSBY76 are 9-digit drivers chip current. But if it is on the negative side, it only has
designed to operate from 4 cell {DS8873) or 3 cell to handie the MOS current. The DSB8973 and DS8974
{DSRA74) or € cell (DSBI76} battery supplies. Each sre designrd for the more efficient .operating mode, .
driver will sink 100 mA 1o less than 0.5V when driven_ :

by only 0.1 mA. Each input is blocked by diodes so that features

the input can be driven below ground with virtuslly no ® Nine bompletiaigit drivers

current drain. T:h«s is especially important in calculafor ® Built-in low battery indicator -

systems employing a dc-to-dc converter on the negative o )

side of the battery. If the converter were on the positive ® High current outputs—100 mA

sice of the battery, the convertsr would have 1o handle = Choice of 3 or 4-cell operztion

all of the display current, as well as the MOS calculator ® Straight through pin out for easy board layout

equivalent circuit and connection diagrams
Dual-ln-Line Package :# - . - -

Typics) Driver Cireuit Typical D.P. Out Circuit : : ouTPyTs”

- : _} i i .
snovp
(BRI CERO
s s
NPUTS
Tor vitw
Order Number DSB973N, DS8974N
" orDSBI76N
typical applications
LED
. BIPLAY
CALCULATOR . ’ j—- . 1 - am ’ .
Ve :lu:’t:'!’:; otcmal § DEEWAL POIRT . SEGMEDTT . )
w e P RSed omoooOO
e wem ol en N S E O S A O
QUTPUTS READY LoAR [ 111}
J . m . — » 1 nlg
fmmm :—Im - - - ::' DUTRUT  ¥ewy Ve —__: o
H } Wt osen -
Lmbad Lp:‘ [ 3] . T ) S T-
/ " [ y_ oM
w [ Aoy | i e -
nl.l': ({1 AUNLOAD N BeoC T
KEYDOARD coNTROL Sires BV 10 | CONVERTER
an0 > . Voo }—i
LLL) . At AR (11} N rOWEN
PROSAAMSIER N ALARM tmitn -
coNTRDL LEARN MODE . . moiCATOS | . 1
KEVBOARD o

FIGURE 1. 6V Progrsmmabie Statistical Calculator

R§p£$duced with permission from National Semiconductor Corp., Santa Clara, CA
95051 .
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DS8973, DS8974, DS8976

.| -absolute maximum ratings (Note 1) operating conditions
Supoly Voltage 10V ) MIN  MAX  UNITS
Input Voltage 1oV Supply Voluge (Veg)
Output Volitage 10V negers 44 10.0 v
Storage Temperature Range ~65°C 10 +150°C D58974, DSBIT6 33 45 v
Lead Temperature (Soldering, 10 seconds) 300°C Tenwpersture (T Al 0 70 ‘c
electrical characteristics
PARAMETER " CONDITIONS ’ MmN | TYe MAX UNITS
Vi Logical “1* input Voltage Vee ® Max - - i 39 * v
lin Loaical “1" Input Current Vee = Max, Vi) 3.8V O _ A 03 mA
Vie Logica! “0” Input Voitage Vee =Max - - R S E .- 05 v
[ Logical “0” Input Current - Vec * Max, V= 0.5V - o ’ : 40 Ty
Vrw High Low Battery Thieshold | " Vor.(Pin 1) = 1V, 1oy < -50uA, T, = 25°C | Ds8973 35 ) v
. v..‘ Pin2) = 3.9V . o DSB8974 46 v
. . = DSes76 7. v
Vro Low Low Bartery Threshoid - 1 V°7 {Pin 1) = 2.3V, Igy 2 -6 mA, TA =25°C | DS8973 31 v
’ : Viw (Pin2) = 3.9V - DSB974 4.2 v
DSB976 - 6.2 v
leex Logical ““1" Qutput Current Vee ™ Min, Vop = 9.5V, V, = 0.5V . N o 50 A
Voo Logical “0” Output Voitage Vee ® Min, 15, = 100 mA, V), = 3.9V . 05 v
oL Logica! 0" Output Current Vee * Min, Vo, = 0.5V, V= 3.8V S 100 . mA
lee, Supply Current Vee ™ Max, One input “ON" ) 6 mA
lec,”  Pin 21 (Low Battery Supply) - Vee ® Max. Ve, ® Veemax : ) ’ 1.2 mA

Note 1: "Absohste Maximum Ratings” sre those va.ues beyond Mch ﬂ\ev safety of the device cannot be guara;need Except for “Operating
Tempersture Renge'’ they sre not meant to imp!v that the Jevices lhould be operated at these limits. The table of “’Electrical Characteristics”
provides conditions for actual device openuom

Nots 2: Unless otherwise specified min/max limits apply across the 0°C to +70°C range. Ali typicals are given for T4 = 25°C

Note 3: All currents into device pins shown gs positive, out of device pins as negative, all voltages referenced to wound unless otherwise noted. All
values shown as max or min on sbsolute value basis.

typical applications. (con’t)

lu!vv l il' )
1 b 5 S be B 3P va [ o' 7] 13 =3 e alA IR ....' ot b
umnnn--n:,:nmu Voor) ggjg u'uEs!g %) 61 p ’—-" r comvemien
b“{ ‘Kb-.-\_ L Ij L
famfor for 2 =Tt :
Sel N LN .
o for for o L
ol Pos o Pet =
Wiy warvar st TN e
e b5 —Np. osmn »
s fos e
e Sed N
e T fo foot
Ne Ne. o
o= = ot ot
Ko :
— —_
KLvedany “Das temprse o R
FIGURE 2. Complete Caleul Sch ic For 3-Cell System

-6-78

Reproduced with permission from National Semiconductor Corp., Santa Clara, CA
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The Hughes HCTR4010 is a TTL compatible CMOS LSI circuit containing four
sychronous decade up/down counters and their associated storage latches. In—
fcrmation frorm the latches is multiplexed to the BCD outputs, to drive readily
available TTL display decoder-drivers.

\
DE SCRIPTION @E

FEATURES PINS
CMOS technology for low power 1. BCD 4 Out 11. Up/Down Control
Up/down—counting capability 2. BCD 8 Out 12. + VDD
Irternal scan and clock oscillators 3. Int. Clock enable or  13. Osc. Disable
All inputs ond outputs external clock in 14, Master Reset

TTL compatible (Vpp = 4.5t0 5.5 volts) 4. Int. Clock frequency 15. Ground (-V)
Opticnal 3 or 4 Decade Operation control or external 16. 3/4 Decade Select
Independent latches on each decade & overflow clock disable 17. Scan Frequency Control
> 1 MHz operation @ VDD > 4.5 volts 5. Decade Strobe 18. Clock Out

Multiplexed BCD outputs with automatic or True/Comp 19. Overflow
manual leading zero unblanking Decade 2 Strobe 20. Stored Overflow

Capability of floating BCD outputs Decade 4 Strobe 21. Chip Encble

3 to 15 volts operation Decade.l Strobe 22 . Unblaonk

Decade 3 Strobe 23. BCD 1 Out

. Hold/Load Latches 24, BCD 2 Out

\
\
\
h
\
h
5 9l \
i
\
\
i
h
h

o Voo NO

—

8
DECAD
SCAN SCAN COUNTR SEEECTE —
22| | oo AND DECODR  outPur Ty 2
- , BUFFERS )7
21 |
14 = 7o . ne
2 von BCD MULTIPLEXER 1 BLANK 3‘ 24
2] —{_LOGIC [ ,cp 5[1
> g FrTT -
:LQQD i [ OUTPUT j—#-2
0 LATCH [LATCH |LATCH FLATCH LATCH BUFFERS
13 '
clock] H4 . . = .
p o5 0]+ 10f: 00 K 10 32
1 L2
3/4 k
16 "N DECADE 8
SELECT

Reproduced with permission from Hughes Aircraft Company, New Port Beach, CA
92663.
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QUAD DECADE CLOCK CONTROL

External Clock Mode (!'1" on Oscillator Disable Input):

Frequency Control/ 1
External Clock Disable
0N
Internal Clock Enable/ 1->0

Externzl Clock In

Disables External Clock (Internal Cleock
Enable/External Clock In must be "0V
when disable is energized).

Enables External’Clock,

Advances counter to next state on ""1" to
0" transition of External Clock applied
at this. input.

Internal Clock Mode {"0'" on Oscillator Disable Input):

Frequency Control/ -
External Clock Disable

Tnternal Clock Enable/ 1
External Clock In 0

Capacitor connected from this input to
Vpp or GROUND controls Internal
Clock Frequency. If no capacitor is
connected, the oscillator will have a
free-running frequency of typically
300 KHz.

Enables internal oscillator to counter,
Disables internal oscillator to counter,

QUAD DECADE INPUTS

Strobe True/Complement (1)
Chip Enable 1
0

Unblank 1
Strobe 1

Strobe 2

Strobe 3

o

Hold/Load Latches 1
0

Up/Down I
0

3/4 Decade Select 1
0

Positive true.
Negative true,

Enables BCD information to BCD lines,

Floats BCD lines and turns off scan
oscillator and turns off all strobe outs,
Rest of counter still works.

Displays all decades,

Displays from first non-zero decade or
just decade 1,

Displays from first non-zero decade or
just decades 1 & 2,

Displays from {irst nop-zero decade or
just decades 1 & 2 & 3,

Displays from first non-zero decade,

Stores data in counters (data at 0—>1
transition is stored).
Accepts data from counters,

Counter counts up.
Counter counts down,

Up/Down Input should only be changed
with. External Clock = 0 or with External
Clock Disable = 1, otherwise can get
false count,

Clock Out and overflow driven by output
of decade 3.

Clock Out and overflow driven by output
of decade 4.

Reproduced with permission from Hughes Aircraft Company, New Port Beach, CA

92663.
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QUAD DECADE INPUTS (continued..)

Master Reset 1 Resets counter and overflow to zero
s (latches also reset if HOLD/LOAD = 0),
Drives BCD to 1111, drives strobes
off, and resets strobe counter to
decade 4.
0 Allows counter to operate.

QUAD DECADE OUTPUTS

BCD1,2,4 2nd 8 BCD information from decade selected by strobe
outputs. Blanked information represented by
state 1111, Open state is high impedance to
both +V and -V,

Stored Overflow Stored overflow information output (controlled
by HOLD/LOAD input),

Cleck Cut A positive pulse with leading edge coincident with
first <01 transition of external (or internal)
clock following count 999 or 9999, The trailing
edge is coincident with the 1->0 transition of the
external (or internal) clock which drives the
counter into state 1000 or 10000 (determined
by 3/4 Select input).

Overflow Q from a divide by 2 stage driven by Clock Out, E

{7 ecdde (1,2,3,4) Strobe Tells which decade is being displayed on BCD lines

Sequence is 4, 3,2, 1 with Decade 4 as MSB and
decade 1 as LSB, Can be either positive true

or negative true depending on state of Strobe

T/C input. Scan rate determined by scan fre-
quency control input, When scan freqaency
control = O strobes are driven off, this character-
istic can be used to control duty cycle of displays.

External Scan Oscillator Mode

Scan Freguency Control 1 Enables strobe out.
120 Advances strobe ccunter.,

0 Disables strobe out and drives BCD out
to 1111,

ternal Scan Oscillator Mode

Scan Frequency Control Capacitor connected from this input to
Vpp or GROUND controls Internal Scan
Oscillator Frequency. If no capacitor
is connected, the oscillator willhave a
free-running frequency of typically 300KH:

QUAD DECADE SCAN OSCILLATOR CONTROL E

Reproduced with permission from Hughes Aircraft Company, New Port Beach, CA
92663.
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DESCRIPTION 16 PIN DIP
The 6010 series of monolithic CMOS LS| four decade counters PIN CONNECTIONS
7 is designed for use in digita! panel meters, digital voltmeters (TOP VIEW)
and other counting applications.
Four synchronous decade counters and a divide by two over-
flow stage are included in the 6010 devices to provide a count- BCO 8 OUT 13 e b1s BCD 4 OUT
ing range from 0 through 18999, The counting range can be
further extended by cascading devices. Quad latches for each CLOCK IN 24 P16 BCD 20UT
de and a i :
idnez;aBgD Formlaaéch for overflow permit storage of any count DECADE 2 STROBE ad b14 BCD1OUT
An “‘on chip” scan oscillator and scan counter/decoder gen- DECADE 4 STROBE ag P13 STORED OVERFLOW
erate the timing signais for time division multiplexing of the
latched BCD count of each decade to the BCD outputs. The DECADE 1 STROBE 5d p12 cLOCKOUT
multiplex frequency is controlled by an external capacitor con- DECADE 3 STROBE 60 b11 SCAN OSCILLATOR INPUT
nected to the Scan Oscillator input. The decade strobe duty
cycte of the HCTR6010A can be changed from the nominal 1}2 HOLD/LOAD LATCHES 79 P10 Vggl—)
eglrtcazrg by connecting a resistor to the appropriate supply Voo ed b 4 MASTER RESET

The HCTR6G10B is identicai to the HCTR6010A except the scan
‘oscillator has been designed for applications requiring a
decade strobe duty cycle of nearly 25%.

in the HCTR6010, an internal delay circuit is placed in series
with the Hold/Load Latches input. The delay is sufficiently long,
to ensure that a count "'rippling” through the counter will be
stabilized and correctly loaded into the latches even if Hold
Latches and clock advance signals are applied simultaneousty.
This delay circuit is not included on the HCTRB010A and
HCTR6B0108 devices. The HCTR6010 decade strobe duty cycié

2 is similar to that of the HCTR6010B; however, a different range

ORDERING INFORMATION:
USE D SUFFIX FOR CERAMIC PACKAGE:
HCTR6010D, HCTR6010AD, HCTRE0108D

USE P SUFFIX FOR PLASTIC PACKAGE:
HCTR6010P, HCTRB010AP, HCTRE0108P

¢ On Chip Scan Oscillator with adjustable duty cycle and
frequency

o Cascadable

o Ouytput latches for four decades plus overflow

e 1 MHZ operation at 8V (0 to 75°C)

of capacitor values is used for control of the scan frequency.

ABSOLUTE MAXIMUM RATINGS
RATING

VALUE UNIT
* +10.510-0.5 Vdce
Vpp +0.51t0-05

SYMBOL

GENERAL OPERATING NOTES

All high impedance inputs of this device have an input
protection circuit to prevent damage due to high static
voltage or eleetric fields. It is advisable, however, to
use normal MOS handling precautions to prevent dam-
age to the inputs resulting from application of voltages
in excess of the maximum rated voltages for the device.
Erroneous operation may result if unused inputs are
allowed to “fioat”. All unused inputs should be termi-
nated to a known logic leve! such as Vpo 67 Vss.

Vop
Input Voltage, All Inputs Vi

DC Supply Vo'tage

DC Current Drain Per Pin, All Inputs | 10 mAdc

DC Current Drain Per Pin, All Qutputs ! 20 mAdc

01075 - oc

Operating Temperature Range TA

-65 10 +150 o¢ 2.

o |

* CONSULT FACTORY FOR DEVICES WITH HIGHER Vpp RATINGS

Siorage Temperature Range TS‘g

600 (ptastic pkg)

Power Dissipation PD 200 (ceramic pkg)

TRUTH TABLE 1.0, 1 TRUTH TABLE NO. 2

BCD & STORED SCAN
INPUTS INTEANAL OVERFLOW FREQUENCY | INTERNAL SCAN DECADE STROBE BCD
'
MASTER [CLOCK]HOLO/LOAD RE;JP%NSE OUTPUT ﬁ\?pNTTROL COUNTER OUTPUTS QUTPUTS
; RESET IN | LATCHES RESPONSE v
Ingicates Ne Output changes 10
[} _\_ 0 Advances 1 Count Cr:)uI:: b -\ Decrements one Ai‘l ::%bﬁgoumms daL;a ﬁom neit lower
Count fsee note 2} e € decade {see note 2¢
[} f 0 No Change No Change Output data from
All strobe outputs decade correspongding
i 0 No ch
] 0 \_ 1 Advances 1 Count Retains Prior © change at Zero to Sean Counter
Count Value
Resets entire o Reft
utputs go 1o effects count of
1 X 0 Counter (See zﬂ: @ / No change Internal Counter No change
note )
‘ - Decade Strobe corres- Quiput data from
Resets entire Retains Prior 3 No change ponding to Scan Counter | decade corresponding
1 X 1 Counter (See Count Value will be "One" 10 Scan Counter ’
note 1) ieve! Value
NOTE 1. A master reset has no effect on the scan caunter. NOTE 2: Decade strobe scanning sequence is from the most

significant decade to the least significant decade;

ie.

,4:3-21, 4321, etc.

Reproduced with permission from Hughes Aircraft Company, New Port Beach, CA

92663.
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OC CHARACTERISTICS

Uniess otherwise specified TA = 0-75°C and VDD Tolerance = % 5%

- Voo Value
Symbol
Characteristic ymbol Vel i Tvp Vox T
Output Voitage
BCD, Decade Strobe, Clock Out and
Stored Overttow Cutputs
“0" Level @ I = 1.6 mA (sink) Voo 5 0.16 0.4 vdc
"1 Level @ I = 100 uA (source) VoK [ VDD_ 5 4.8
70" Leve! @ 1 = 1.6 mA (sink) vou 10 01 0.4
17 Levei @ I = 100 uA (source) Vo 10 Von~5 98
Input Voltage {except Scan Oscillator
Input)
0" Level ViL 5 00, 1.5 08 Vdc
7 Level ' 5 vVpp~ ¢ 27 VoD
"0 Levet Ms 10 c. 2.0 0.5
"1 Level Vid 10 Vpp-0.5 2.9 Voo
Scan Osciltator Input
0" Level ViL 5 0.0~ 20 05 Vde
1" Level Vin 5 ‘/00‘045 2.9 Vpo
Q" Level ViL 10 0.0 4.0 1.0
"1 Level Vig 10 vpp-t.0 5.6 VDD
ljf.u,t\cu”em (E xcept Scan Oscillator N 5/10 00 o Bac
Scan Oscillator Input Current t
"0 Level Current (requires e 5 17.0° 350.0**| 30.0* 560.0°° HA
sinking by sigral source) 10 76.0* 1360.0°*[160.07270C.0"
Levet Current trequires tnH 5 19.0 30.0
ng by signal scurce!
10 85.0 170.0
170" Level = Vgg. ""1" Level = V)
Quiescent Power Supply Current
Wrih Scan OSC Input = Vgg o 5 650° 400.0°" [240.0° 825.0°* HA
10 135.0° 1420.0°*|500.0* 3100.0° |
With Scan OSC tnput = Vpry 5 75.0 120.9
10 150.0 300.0
Power Supply Current
Ciock Freg. = 1 MHz,
Scan Freq. = 10 KHz 19} 5 18* .20 | 42¢  .48** mA
{Scan Osc. Free Running) 10 45° 47°* 11.08° ta0°
Clock Freq. = 1 MHz, .
Scan Freq. = 10 KHz ] .18° .36°* | 40°  75°*
{Scan Osc. Driven} 1 0 43 1a7°t 100 2.50°°
Ciock Stopped,
Scan Freq. = 10 KHz 5 .059* 075°**) .18  .20°°*
1Scan Osc. Free Running) 10 bt .134°  .20°° .50 75°°
Input Capacitance Cin 50 oF
. p
*FOR HCTR6010.AND HCTR6010A *°*FOR HCTR6010B ONLY t Du€lo low Scan Oscillator Input imgedence, the
HCTR 60108 15 not recommended for driven Scan
+5VDC Osciltator applications.
8
Vpp *} CLOCK | 12
je]0] —
ouT CLOCK OUT
11 |SCAN Ose. BCD ¥ 14 BCO
F==AAA
l CONTROL BCD 2 15 T0 F=—AAA
Cy 8C04 | 16 SEVEN  fan ".':1
I 1 SEGMENT mAAA ":
= Bcoe DECODER [—AAA
HCTRE0108 7 +8VDC
CLOCK.IN 2
SIGNAL >——4 CLOCK IN
RESET ]
SIGNAL >—— MASTER RESET /
HOLD/LOAD 7 | HOLD/LOAD
LATCHES
SIGNAL LATCHES  sTORED
OVERFLOW [ 13 7 SEGMENT
DECADE 4 STROBE |_4 DISPLAY
DECADE 3STROBE [ 6 A
DECADE 2 STROBE |_3
DECADE 1 STROBE | &
Vg (=) ) 1
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j AC CHARACTERISTICS Unless othervise specified Tp = 0 - 767C and VDb Tolerance = 5%
@ Value
b Voo.
Characteristic Figure Symbol (Vdc) Min Typ Max Unit
Qutput Rise Time (C, = 15pF)
BCD O L Sip}
utputs t 5 440 720 ns
Stored Overflow Output 5td) v 10 240 375
Decace Strobe Qutput 2ib) .
Clock Out Sic) S 210 330 ns
10 e 110 180
Output Fall Time (CL = 15pF})
BCD Outputs 5ib) t 5 100 160 ns
Stored Overflow Output 5(d) { 1 55 110
Decade Strobe Output 2ib} 0
Clock G. ¢ 5ic) 5 S0 85 ns
10 35 60
Propagation Delay Time, Clock In
- 5lab) t 5 1500 2400 ns
to BCO Qutput (CL 15pF} o 10 630 1070
) Propagation Delay Time, Clock in . 5 225 360 ns
to Clock Out (CL = 15pF) Stac) p 10 - 130 200
Propagation Delay Time, Load
Latches to BCD/Stored 4{b,c) tp 5 - 810 1470 ns
Overflow Qutputs (C|_ = 15pF} 10 385 685
2 Propagation Detay Time
Scan Oscillator Input to
Decade Strobe Out
Falling Edge to Fatling 2a.b) toy 5 560 800 ns
Edge 10 240 405
i Rising Edge to Rising 1 5 540 865
Edge 2 10 270 430
Propagation Delay Time,
Master Reset to BCD & 3lab} lD 5 1200 1950 ns
i Stored Overflow Out 10 520 810
C = 15pF)
Master Reset Input Characteristics
1 Pulse Width 3(al oW, 5 715 438 n¢
i 10 300 190
4 Rise Time . t, 5 - NO LIMIT
10 - NO LIMIT
Fall Twme 1y 5 NO LIMIT
10 NO LIviT
p Clock 10 Hold Latches
Set-up Time 4{a.b} t 5 1600 975 ns
serue 10 675 425
(HCTRB6010A, HCTRE0108
only!
' Clock In Characteristics
] Ffulse Repetition Rate PRR 13 - g; ;8 MHz
<0 Pulse Width 4(a) PW, 5 625 230 ns
10 325 105
17" Pulse Width PW1 S 375 i35 .-
10 175 60
i Rise Time t, 5 - - 1000
10 1000
Fall Time tg 5 1000
10 1000
Hold/Load Latches input
Characteristics
“0" Pulse Width 41b) W, 5 360 165 . he
10 125 75
Rise Time T, 5 NO LIMIT
10 . - NO LIMIT
i Falt Time t S - NO LIMIT
10 NO LIMIT
Scan Osciltator input
Char3creristics (with E xternal
Source)
‘ 0" Pulse Width 2ta) W, 5 585 305 - ns
10 225 130
“1** Pulse Width PW, 5 265 155 ~
; 10 110 65 -
Rise Time 1, S NO LIMIT
10 NO LIMIT
Fall Time l' 5 NO LIMIT
10 NO LIMIT

Reproduced with permission from Hughes Aircraft Company, New Port Beach, CA
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CLOCK IN (X10) CLOCK IN (X100) CLOCK IN (X1000)
PR— —" A
10000
9999 l
1, 5, 10, 10, 50, 100, 100 500, 1000, 1000, 5000; 8000, |
CLOCK IN JuUouuuuu. ouunonnut oo JUnnnngion
MASTER RESET n
HOLD/LOAD LATCHES M
BCD 3 (T o T W o T g Yy D oy Y s O o N o WO o O B o VWl T o T o 90 o S
BCD 2 . NS ey BN couny I _ N s SN sy N
BCD 4 L I 1 .
BCD 8 T ms I — — I e §
CLOCK OUT n
STORED OVERFLOW r
SCAN OSC INPUT aiataly - UL U
DECADE 1 STROBE 1 n n
DECADE 2 STROBE T 1 n
DECADE 3 STROBE n T —
DECADE 4 STROBE n n [
FIGURE 1 — 4% DECADE COUNTER, TIMING DIAGRAM
FIGURE 2
FIGURE 3
}_PWO—-I r_PW1_.l
(s) SCAN OSCILLATOR INPUT J (+) MASTER RESET '”P”T__/—-\___/D\__
{b) DECADE STROBE OUTPUT ! ‘D—J' ~ t— -

] \ {b) BCD & STORED \
1, bt OVERFLOW OUTPUT

FIGURE 4 FIGURE S

N —/ H——i\r 7;——!, r..pwoj/_ a) CLOCK IN —/—:J\—r—/l }‘—rf_i/ —\_
_J [’ O I”‘f {b) BCD OUTPUT __/m /

{b) HOLD/LOAD LATCHES INPUT L_ i rtp L=y
{L |

. _.}"P'Vo“ {c) CLOCK OUT /L \
lr—-l ‘D‘J

P ;——
{c) BCD & STORED OVERFLOW [‘_ Y ——ed
OUTPUT
(d) STORED OVERFLOW OUTPUT L
- 4

Reproduced with permission from Hughes Aircraft Company, New Port Beach, CA
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SCAN OSCILLATOR

All three devices in the 6010 series have on-chip scan oscillators;
however. they are different in some characteristics. All devices
are designed to permit adjustment of scan oscillator frequency
by adjusting the value of a capacitor connected between the scan
oscillator input and AC ground (Vo or Vss) as shown in figure
6(a). The nominal duty cycle of each decade strobe output for
this configuration is approximately 23% for the HCTR6010 and
HCTR6010B and approximately 12% for the HCTR6010A. Typical
frequency versus capacitance characteristics are given in figures

CHARACTBRISTICS

7(b) and 7(c). The HCTRBO10A is designed to permit adjustment
of frequency and duty cycle using an external RC circuit con-
nected to the scan oscillator input as shown in figures 6(b) and
6(c). If only the capacitor is connected the duty cycle is approx-
imately 12%. The duty cycle can be increased or decreased by
connecting a resistor to Vpp Or Vss respectively as shown in
Figure 6(b) and &(c). Typica! scan oscillator operating character-
istics and waveform definitions are given in Figures 7(a) - 7(d).

Vop (+)
HCTR6010, R HCTR6010A HCTR6010A
HCTR6010A :
1 AND 1 1n
I HCTR80108B R, c,
) 7T
to Vgg (=) Vss(-) Vss ()
or Vpp (+) (a) {b) {c)
SCAN OSCILLATOR INCREASED DUTY CYCLE DECREASED DUTY CYCLE
FREQUENCY ADJUSTMENT CONFIGURATION CONFIGURATION
CONFIGURATION FIGURE 6
0.1 —T — T T —r
DECADE 1 STROBE = EEEss ——
T Rl
NS oo
DECADE 2 STROBE NN | :I[:_c:-” r..
0.01 N \ i Vis = 1]
N — T -
DECADE 3 STROBE . BN : & i :
wE 1!‘ % . ’OLI‘ ;
e e LG NOF
VS, CAPACIT,
vecao astaone [ | I oo EESEE o N
i T | [ HeTREo10 SN +
I s 1 T I N
pw i T 3 R
i DECADE STROBE DUTY CYCLE = -T—‘ X 100% Ta=25% [ ] NN
= ] |
I 4 |1 N
' SCAN OSCILLATOR FREQUENCY = — 0.0001 Ll A
T 10 100 1000 10000

s

H e . N, WSR3 = i
: NGO 4
i AN ST iy
' A YA i
: RN HETR-

i NN @ soroase | M1
\ N\ 1] N, \\6'1 ismi il
| 2 ONNG | ¢

| AN ES

| Y] N Vi il
' " — =
. AN ) % i g

g TS ¥ Ind T T

11 N IS
) ’ : T AN d—x
e 4 TN
TYPICAL Jl N

. I-— SCAN OSCILLATOR FREQ NN

1 VS.CAPACITANCE CONNECTED l 1\ [

' Qo1 f— TO SCAN OSC. INPUT FOR IS 3

| = HcTRe010a/8 e a Sty
t ran h S et

) T TR N

i I ERELS] T %
i IRBERIN Tl T

! -+ttt

i T = 25°C FOR Vpp » SV

! 1 l ' I —==FOR vpp * 10V “

‘ 0.001 LIy

i 10 100 ¢ 1000 10000
SCAN OSCILLATOR FREQUENCY (HZ]
el - TYPICAL HCTREO10A/B SCAN OSCILLATOR FREQUENCY CHARACTERISTICS

FIGURE 7(a) - DEFINITION OF SCAN OSCILLATOR FREQUENCY AND DECADE STROBE DUTY CYCLE
71b) - TYPICAL HCTRE010 SCAN OSCILLATOR FREQUENCY CHARACTERISTICS

SCAN OSCILLATOR FREQUENCY (H2)

B16 856
868 960

1 MEG -
€, *0.015uF C, = 0.015uF
W0 K = 2b CONNECTED R, CONNECTED TO Vp te)
wox | ‘LE) V§S~R Vpo " *5VY
oo

700K - ¢ «0.033F
R, CONNECTED
60K -~ TO Vgg (-1

855
952
804 C, = 0.033uF

R‘ CONNECTED TO v (#)

R, Vopp = * 10V Yoo " 10V
IOHMSI S00K = Te 854
«woK
wox | s 776 " SCAN OSC.
= FREQ IN HZ
200K | -7 S~
100K e R
. {= == = NON OPERATION}
1 ] L L !
5 10 15 20 *

HCTRB010A DECADE STROBE DUTY CYCLE (%)

FIGURE 7{d) - TYPICAL HCTREDI0A SCAN OSCILLATOR FREQUENCY AND DUTY CYCLE CHARACTERISTICS AT 250C

Reproduced with permission from Hughes Aircraft Company, New Port Beach, CA
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GENERAL OPERATING CHARACTERISTICS

As shown in the expanded block diagram of Figure 8, the clock
input frequency is counted by a series of four synchronous BCD
counters and a divide by two stage. The counter is advanced by
the negative going transition of the clock input signal.

The BCD counter data is stored by loading the data into the dec-
ade ja.ches and the stored overfiow latch. A zero level on the
Hold/Load Latches input will transfer data from the counter to
the latches. The count is held in the latches when the Hold/Load
Latches input is-in a high state,

The BCD data from the decade latches is presented sequentially
at the BCD outputs by using time division muitiplexing. The muiti-
olex sequence is from the most significant decade to the least
significant decade. A positive true output signal appears at each
of the four Decade Strobe outputs to indicate which decade’s BCD
data is present at the BCD outputs. The latched overflow informa-
tion is not multipiexed but connected to the Stored Overflow
outout throudgh an output buffer stage. ]

Timing <:gnals for the multiplexer and Decade Strobe signals are
generated by an on chip scan oscillatot and scan counter/de-

coder. By connecting a resistor and capacitor to the Scan Oscil-
lator control terminal, it is possible to control the duty cycle and
frequency of the decade strobe outputs so that output charac-
teristics can be made suitable for several different types of dis-
plays. The Scan Oscillator input may be driven by an external
source it desired. The Scan Counter changes on the negative
going ransition ‘of the Scan Oscillator input.

A delay circuit on the Hold/Load latches input is present in the
HCTR6010 bat not in the HCTR6010A and HCTR6010B. The delay
is long enough to ensure that a count “rippling” through -the
counter will be stabilized and correctly loaded into the latches
even if load latches and clock advance signals are applied
simultaneously.

The clock out signal may be used for cascading devices by con-
necting it to the clock in of the following device. The clock out
signal is a positive going pulse with leading edge coincident with
the positive going transition of the clock input following count
9999, The trailing edge is coineident with the 1-0 transition of
the clock input which drives the counter into state 10000,

5
1 —]-——o DECADE 1 STROBE
> | 3
O DECADE 2 STROBE
SCAN o] SCAN COUNTER 0' DECADE STROBE  f——rd |
OSCILLATOR »!  AND DECODER » OUTPUT BUFFERS s
. —-—L.__o DECADE 3 STROBE
SCAN 1 4
OSCILLATOR O l——-—-0 DECADE 4 STROBE
INPUT
14
\4 ‘ \4 \ 4 O BCD 10UT
15
VDDI(#) > g%?nm < BCD 20UT
MULTIPLEXER > 16
0 I(!'rclln)ns gILVISIle) BUFFERS BCD 4 OUT
1
Vs (-} o= > —5 BCD 8OUT
13
—C STORED OVERFLOW
e —
HOLD/ 7 : DELAY I
7 (INCLUDED » QUAD QUAD QUAD QUAD $  LATCH.
Loa0 < 1IN HCTREG10 LATCH LATCH LATCH LATCH
LATCHES 1 ONLY) |
b e J .
SYNC SYNC SYNC SYNC > (OVERFLOW)
cLock 2 o 10 +10 +10 *10
IN & COUNTER | COUNTER |COUNTER |COUNTER -
(UNITS) (TENS) {HUNDREDS) | (THOUSANDS) 12
' S CLOCK OUT
MASTER 9 t t } i
RESET

FIGURE 8 — EXPANDED BLOCK DIAGRAM OF HCTR6010/A/B

[ e A

HUGHES |

T -
HUGHES AIRCRAFT COMPANY
MICROELECTRONIC PRODUCTS DIVISION

information furnished by Hughes is believed to be accurate and reliable. However, no responsibility is assumed by, Hughes for its
use; nor for any infringements or patents or other rights of third parties which may result from its use. No license is granted by im-
plication or otherwise under any patent or patent rights of Hughes.
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fiC14411

BIT RATE GENERATOR

The MC14411 bit rate generator is constructed with comple-
mentary MOS enhancement mode devices. i1 utilizes a frequency
dvider network to provide a wide range of output frequencies.

A crystal controlled oscillator is the clock source for the network.
A two-bit address is provided to select one of four muitiple output
clock rates.

Applications include a selectable frequency source for equipment
in the data communications market, such as teleprinters, printers,
CRT terminals, and microprocessor systems.

e Single 5.0 Vdc (z 5%) Power Supply
o internal Oscillator Crystal Controlled for Stabitity (1.8432 MHz)
o Sixteen Different Qutput Clock Rates

CMOS LSl

(LOW-POWER COMPLEMENTARY MOS)

BIT RATE GENERATOR

e & & o o o

50% Output Duty Cycle
Programmable Time Bases for One of Four Multiple Qutput Rates

Diode Protection on All Inputs

Noise Immunity = 45% of Vpp Typical

External Clock May be Applied to Pin 21

Buffered Outputs Compatible with Low Power TTL

L SUFFIX
CERAMIC PACKAGE
CASE 623

P SUFFIX

PLASTIC PACKAGE | A
CASE 709 24 f
.}

MAXIMUM RATINGS (Voltages ceferenced to Vgg, Pin 12.)

Ratng Symbol Value Unit
DC Suppty Voltage Range Voo 5.25 10 -0.8 vde
input Voitage, Ali inputs Vin Vpp + 0510 Vdc
Vgg -0.5
DC{urent Dran per Pin | 10 mAdc
Querating Temperature Range Ta -40 10 -85 °c
S:0-age Temperature Range Tag -6510 +150 °c
8LOCK DIAGRAM L 01 F1
517 F2
02 F3
516 Fa
Rate Selectp 23O
s ecla lo3 Fs
Rate Selecty 22 O—
! 6 1 lo1s s
Loa £7
X1 Oividers
- —— =05 F8
Crytaiyn 20— X8| g
Oscillator o 1 e —O7 F9
Divider [X16| Select [~
¢ 20 Circuit .—6: Logic =08 F1i0
*vstal, o—d X
Paut I Fos F1v
—O014 F12
& * -oc 013 F13
11
o oo Fia
—C18 F15
-0 13 F16

“See Figure 2 for typical crystal oscillator cifcurts.

L2 Wiir. Beret - 0 outouts F1 thru F14 - 0. oulputs F16 and F16 = 1.

PIN ASSIGNMENT

1e ¢ Voo [J 24
2 Jfa RS, 23
3 [Jrs RSg 22
e (CJF2 Xtabmg 21
5 [Jrs Xtalg, [ 20
6 CJF10 Fi6{ )19
7 IF9 Fisf )8
8 CIFnN1 F2[™ 17
9 iF14 Fa[ 116
10 [ Reser Fel )15
11 ot Used F12[ )14
12 v F13[7313

Vpp = Pin 24
Vgs = Pin 12

This device contains circuitry 1o protect
the 1nputs aga:nst damage due < high static
voitages or electrnic fields, however. it 13
acvised that normal precautions be taken
to avord apphication o' any voftage higher
than maximum raiec voltages 10 thes high
impecance circut. For proper Operation at
s recommendec that V,n and Vg, be
constrained to the range Vgg = (V q or
Vour' ' VDD

Unused inputs must always be tied to an
aDp-Opriate i0gic vOlilage leve ie.q . either
Vss o VpD'

Reproduced with permission from Motorola, Inc., P

hoenix, AZ 85008.
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MC14411

ELECTRICAL CHARACTERISTICS

Voo ~a0°¢C 259C +B50C
Charscteristic Symbol Vde Min Max Min Tvyp Max Min Max Unit
Supply Voitage VoD - 4.75 5.25 475 5.0 525 4.75 8.25 Vdc
Output Voitage O Level Vout 5.0 - 0.05 - 1] 0.05 - 0.05 Vde
17 Level 5.0 4.95 - 495 5.0 - 495 - Vdc
Input Voitage Vdc
{Vo = 4.5 or C.5 Vac!} ViL 50 - 15 - 2.25 1.6 - 1.5
(Vo =050r45 vdc) Vi 5.0 35 - 35 278 - 35 - Vdc
Output Drive Current ToH mAdc
{Vom = 2.5 Vdc) Source 5.0 -0.23 - -0.20 -1.7 - -0.16 -
(V5 = 0.4 vee! Sink ‘oL 5.0 .23 = 0.20 0.7g - 016 - mAde
nput Current Tin - - +0.% - +0.00001] :0.1 - 1.0 HAdc
Tnput Capacitance Cin - - - — 50 - - = pF
{Vin = 0
Cuiescent Dissipation Pa 50 = 75 = 0015 Z5 = 5 oW |
Power Dissipation”* 1 Po 5.0 Pp = 7.5 mW/MHZI T+ Pg mW
{Dynamic plus Quiescent)
1C = 18 oF)
Curput Rise Time** TLH 5.0 - —~ — 70 200 - = ns
tTLH =(3.0ns/pFI C + 25 ns o
Output Fall Taime™ " TTHL 50 - — - 70 200 - - ns
tTRL =(1.5ns/pF) C + 47 ns
nput Clock Frequency Teo 50 - 1.85 - - 1.8% - 785 MHz
1 For ditsipation at different external load capacitance {C ) refer to corresponding formuia:
PT(CL) = Pp + 26 x 10°3(C - 15 pF) Vpp ¥
where: P1, Pp in mW, Cy in pF, Vpp in Vdc, and fin MHz.
* *The formula given is for the typical characteristics onty.
TABLE 1 - OUTPUT CLOCK RATES
Rate Select Rate
8 A
0 0 x1
o} 1 X8
1 0 X16
1 1 X64
Output Output Rates (Hz)
Number x64 X16 X8 x1
F1 614.4 k 1536 k 76.8 k 9600
F2 460.8 k 116.2 k 576k 7200
F3 307.2k 6.8 k 384k 4800
F4 2304 k 67.6 k 288k 3600
FS 163.6 k 384k 19.2k 2400
F6 115.2k 288k 14.4 k 1800
F? 768k 18.2 k 9600 1200
F8 384k 9600 4800 600
F9 19.2k 4800 2400 300
F10 128k 3200 1600 200
11 9600 2400 1200 150
F12 8613.2 21533 1076.6' 134.5
F13 7035.5 1758.8 8794 109.9
F14 4800 1200 600 75
F15 9216 k 216 k 9216k 921.6k
F16* 1.843M 1.843M 1.843M 1.843M

Reproduced with permission from Motorola, Inc., Phoenix, AZ 85008.
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MC14411

FIGURE 1 - DYNAMIC SIGNAL WAVEFQORMS

Ouiput

FIGURE 2 — TYPICAL CRYSTAL GOSCILLATOR CIRCUIT

Rate Setect
A 8

Bit Rate
Clock Outputs

Rye 15 MI210%
CRYSTAL SPECIFICATION
Crystal Mode

Frequency,

Rs

o

Tenperature Range

Test Level.

Test Set

*Suggested Crystai Suppliers:
Tveco CTS Knights
Mctorois Crystal Products

Reset
Xtal,n l 1 1
21
Ry¢ (] MCiaa11
20
Xtaloyy

Paraliel

1.8432 MHz 1.0.05% @ 13 pF
540 ) max

2.0 pF max

0t 70°C

1 mw

TS - 330'TSM or Equwvalent

Circuit diagrams utibzing Motorc!a products included a5 8 measns
of illustrating ty ai demiconducior applications; consequently,
compiete nformation sutficient 1Or construction purposes if not
necessarily given, The information hat been carefutly checked and

is believed 10 bs ennirely relisble. H. . no 1.1 lity is
assumaed tor inpccuracies. Furthermore, such Information does not
convey to the purchaser of the seamiconductor devices described any
licerlse under the patent rights of Motoroia Inc. Or Others.

Reproduced with permission from Motorola, Inc., Phoenix, AZ 85008.
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DUAL 64-BIT STATIC SHIFT REGISTER

The MC14517B dual 64-bit static shift register consists of two
identical, independent, B4-bit registers. Each register has separate
clock and write enable inputs, as well as outputs at bits 16, 32, 48,
and 64, Data at the data input is entered by clocking, regardiess
of the state of the write enable input. An output is disabied (open
circuited) when the write enable input is high, During this time,
data appearing at the data input as well as the 16-bit, 32-bit, and
48-bit taps may be entered into the device by application of a clock
puise. This feature permits the register to be toaded with 64 bitsin
16 clock periods, and also permits bus logic to be used, This device
is useful in time delay circuits, temporary memory storage circuits,

and other serial shift register applications,

® Quiescent Current = 10 nA/package typical @ 5 Vdc

@ Noise Immunity = 45% of Vpp typical

® Diode Protection on All Inputs

® Fully Static Operation

® Output Transitions Occur on the Rising Edge of the Clock Pulse

® 6.7 MHz Operation @ Vpp = 10 Vdc

® Exceedingly Siow Input Transition Rates May Be Applied to the
Clock Input

¢ 3-State Qutput at 64th-Bit Atlows Use in Bus Logic Applications

® Shift Registers of any Length may be Fully Loaded with 16

Clock Pulses
® Supply Voltage Range = 3.0 Vdc to 18 Vdc

® Capable of Driving Two Low-power TTL Loads, One L.ow-power
Schottky TTL Load or Two HTL Loads Over the Rated Temper-

ature Range

ChHiOS LSI

SHIFT REGISTE

(LOW-POWER COMPLEMENTARY MOS)

DUAL 64-BIT STATIC

R

L SUFFIX P SUFFIX
CERAMIC PACKAGE PLASTIC PACKAGE
CASE 690 CASE 648

ORDERING INFORMATION

MC1axXXB Sutfix Denotes

E L Ceramic Package
P Plastic Package
A Exrended Opersting
Temperature Range
C Limited Operating
Temperature Rsnge

MAXIMUM RATINGS (Voltages referenced to Vgg)

PIN ASSIGNMENT

=

Q16,4 voplk=16

2cS0es,  Q6gFTS

3 g wWE, O“BE"

X = Don't Care

Rating Symbol Value Unit 4 Cqc, WEg 13
DC Supp'y Voltage Vpb -0.510 +18 Vde 5 C a6ay cgf—12
input Voltage, All Inputs Vin |05wvpp+ 05| wvdc 6 CJ a3z, asag 2 11
DC Current Drain per Pin i 10 mAde 7 T30, Qizg =10
Operating Temperature Range — AL Device Ta -55 1o +125 °¢c 8 T vgg Og 9
CL/CP Device -40 10 +85
Storage Temperature Range Tag -65 to +150 oc
WRITE
CLOCK |ENABLE DATA 16-81T TAP 32-B1T TAP 48-BIT TAP 64-BIT TAP
0 ox Content of 16-Bit | Content of 32-Bit ! Content of 48-Bit | Content of 64-8it
, Displayed __Displaved Disolayed Displayed
1 x High Impedance High Impedance High impedsnce High Impedance
Content of 16-Bit | Content cf 32:Bit | Content of 48-Bit | Content ot 64-Bit
FUNCTIONAL ' ° X Displaved Displayed Dispiayed Displayed
TRUTH TABLE 1 1 X High Impedsnce High Impecance High impedance High Impedence
Ve ° Dstaentered! Content of 16-Bit | Content ¢f 32-8it | Conten: of 48-Bit | Content of 64-8it
into 1st Bit Dispiaved Displayed Disoleyed Displaydd
Dataentered Cata ot top Date at tep Osta at tap .
s ’ ino 18t Bit [entered into 17-Bit| entered into 33-Bit[ entered into 49-8it High Impedance
~ o' x Content of 16-Bit | Content of 32-Bit | Content of 48-Bit | Content of 64-Bit
Displayed Disvisved Displayed Displayed
N~ 1 X High Impedance High impedance High impedance High impedance

Reproduced with permission from Motorola, Inc., Phoenix, AZ 85008.
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MC145178B

ELECTRICAL CHARACTERISTICS

Voo Tiow® 25°C - Thigh®
Charascteristic Symbol Vde Min Max Min Typ Max Min Max Unit
Output Voitage "0 Level VoL 5.0 - 0.05 - 0 0.05 - 0.05 Vde
Vin=Vppor0 10 - 0.05 - [*] 0.05 - 0.05
15 - 0.05 - 0 0.05 - 0.05
1" Levet VoH $0 4.95 - 4.95 5.0 - 495 - Vde
Vine= Qor Vpno 10 9.95 - 9.5 1c - 3.85 -
15 1495 - 14.95 15 - 14,95 -
tnput Voftage® “0" Level ViL . Vde
(Vg = 4.5 or 0.5 Vdc) 5.0 - 15 - 225 15 - 15
Vo = 8.0 or 1D Vae) 10 - 3.0 - 4.50 3.0 - 3.0
(Vo = 13.5 or 1.5 Vde) 15 - 4.0 - 675 | 40 - 4.0
1" Level| Vin
(Vg =05 or 4.5 Vac) ‘1 se s - 35 | 275 - 35 - vae
{Vp * 1.0 or 5.6 voc} 10 7.0 - 70 5.5C - 10 -
VO = 1.5 or 13.5 Vdc) 15 1.0 - 1.0 8.25 - 11.0 -
Output Drive Current (AL Device) 10M mAdc
(Vor ~ 2.5 Vool Source 5.0 -1.2 - -1.0 -1.7 - -0.7 -
(VoK = 4.6 Vdc) 5.0 -0.26 - -0.2 -0.36 - -0.14 -
(VoM ~ 9.5 Voc! 10 -062 - -0.5 -09 - -0.35 -
(VoH = 13.5 Vdc) 15 -1.8 - -1.5 -3.5 - -1.1 -
(VoL = 0.4 Vde) Sink oL 5.0 0.64- - 0.51 0.88 - 0.36 - mAdc
(VoL = 0.5 Vdcl 10 16 - 1.3 2,25 - 08 -
(VoL = 1.5 Vdc) 15 4.2 - 34 88 - 24 -
Output Drive Current ICL/CP Device) IoH . mAdc
(VoK = 2.5 Vdc) Source 5.0 -1.0 - 0.8 -1.7 - -0.6 -
(VOH * 4.6 Vdc) 5.0 ~0.2 - -0.16 | -0.36 - -0.12 -
(VoM ~ 9.5 Vo) 10 -0.§ - -0.4 -09 - -0.3 -
(VOH * 13.5 Vdc) 15 -14 - -1.2 -35 - -1.0 -
(VoL ~ 0.4 Vdc) Sink loL 50 0.52 - 0.44 0.88 - 0.36 - mAdc
Vo = 0.5 vdc) 10 13 - 1.1 2.25 - 0.9 -
(VoL = 1.5 Vel 15 36 - 3.0 88 - 24 -
input Current (AL Device) lin 15 - +01 - $0.00001] =01 - 1.0 uAdc
tnput Current (CL/CP Device) lin 15 - :03 - £0.00001] 203 ~ £1.0 uAde
input Capacitance Cin - - - - 80 15 - - pF
Vi =0l
Quiescent Current (AL Device} 100 50 - $.0 - 0.010 5.0 - 150 HAdc
(Per Package) 10 - 10 - 0,020 10 - 300
) 15 - 20 - 0.030 20 - 600
Qurescent Current {CL/CP Devicel Ipp 50 - S0 - 0.010 50 - 3715 uwAdc
(Per Package} 10 - 100 - 0.020 100 - 750
15 — 200 — 0.030 200 - 1500
Total Supply Current®*t I 5.0 iT=142 uA/kH2)f+ipp wAde
(Dynamic plus Quiescent, 10 1T =(8.8 wA/kH2) f+ Ipp
Per Package} 15 It ={13.7 wA/KHZ) 1 + DD
C = 5C pF on all outputs, all
buffers switching)
Three-State Leakage Current L 15 - +01 - :0.00001} 2 0.1 - +3.0 uAdc
(AL Device) )
Three-State Leakage Current ITL 15 - 1.0 - :0.00001| 1.0 - 275 uAdc
{CL/CP Device!

*Tiow = -55°C for AL Device, -40°C tor CL/CP Device.

Thigh * +125°C for AL Device, +85°C for CL/CP Device.
=Naoise immunity soguified for worst-case input compination,

Noise Margin tor both “1" and 0‘ level = 1.0 Vdc min ® Vpp = 5.0 Vdc
2.0 Vde min @ Vpp = 10 Vac
25 Vdemin® Vpp = 15 Vdc

1To calculate 1018l supply current at loads other than S0 pF:

IT(C 1 = 1750 pF) + 4,x 10-3 (C|_-50] Vppt
where: |7 is in uA (per package), CLinpF, Vpp in Vdc, and fin kHz is input frequency.
**The formulas given are for the typical characteristics only st 259C.

Reproduced with permission from Motorola, Inc., Phoenix,

AZ 85008.

129



h
@E
MC14517B E

SWITCHING CHARACTERISTICS® (C| = 50 pF, T = 25°C}

Characreristic Symbol Voo Min Typ Max Unit
Output Rise Time tTTLH ns
tTLH = (3.0 ns/oF) C ¢ 30 ns 5.0 - 180 360
iR~ (1.5ns/pFICL +15ns 10 - 90 180
tTLH = (1.1 ns/pFICL + 10 ns 16 - 65 130
Output Fail Time TTHL ns
tTHL = (1.5ns/pF) C + 26 ns 5.0 - 100 200
trL = 10.75 ns/pFl C + 125 ns 10 - 50 100
tTHE = (0.55 ns/pF) C  +9.5 ng 15 - a0 80O
Propagation Delay Time tPLH, ns
1PLK, tPHL = (1.7 ns/pF) C_ + 390 ns tPHL 6.0 - 475 770
tPLH, tPHL = (0.86 nsipF) Cp +177 ns 10 - 210 300
PLH, tPHL = (0.5 ns/pF) Cp + 115 ns 15 - 140 218
Clock Pulse Width tWH §.0 330 170 — ns
10 126 75 -
15 100 60 - %
Clock Pulse Frequency fal 50 - 3.0 16 MHz
10 - 6.7 4.0
15 - 8.3 5.3
Clock Pulse Rise and Fall Time TTLH, TTHL 50 -
10 **See Note
15
Deta to Ciock Setup Time teu 5.0 0 -40 - ns .
. 10 10 -15 -
. 15 15 ] -
+ Data to Clock Hold Time h 50 150 75 - ns X
10 75 25 -
15 s 10 -
{ Write Ensble to Clock Setup Time e 50 400 170 - ns
; 10 200 65 -
1 1% 110 50 -
Write Ensbie to Clock Release Time trgl 50 380 160 - ns
10 180 55 -
15 100 40 -
*The formula given is for the typical characteristics only. .
**When shih register sections are cascaded, the maximum rise end fall time of the clock input should be equal to or less then the rise end fall
time of the dats outputs, driving data inputs, pius the propagstion deisy of the output driving stage.

FIGURE 1 — POWER DISSIPATION TEST CIRCUIT AND WAVEFORM

.Voo -Lc,_
1 :-L:

Cu
REPETITIVE WAVEFORM oo o Q16 032 Q48 Q64 j_:
Voo coO Ot C I a
L AN AN AN we I
c Vss =
CL

(t=1/21g)

o
E<
¢ 3
]
e
B |l = B

80 uF o - cicicé_c‘i
IIIZ
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FIGURE 2 ~ TYPICAL OUTPUT SOURCE CURRENT FIGURE 2 ~ TYPICAL OUYPUT SINK CURRENT
CHARACTERISTICS TEST CIRCUIT CHARACTERISTICS TEST CIRCUIT
Vout = Vou Vout = Voo
Voo * VGs ? Voo~ Vas °

—

Q16 Q32 Q48 Q64 o Q16 Q32 Q48 Q64

r—o—— WE L WE S
° — o
r—o—— o 7 [ e
Lo—c / < i
——O0—{WE O™ WE oL
! Q16 032 049 064 Q1§ Q32 Q48 Q64
& External % External
Power Power
]
bvss Supply vss Supply

{Output being tested should be in the high-logic state). {Oytput being testad should be in the low-logic state).

FIGURE 4 — AC TEST WAVEFORMS

twi '.-
‘I twi P ——Vo0
90%
Pin NO's 1 2 16 17 [ 19 EEL W,
.--‘9* Vss

Clock 4 {12}

191 P ‘N v
Wrive 3 (13} [+]+]
Wy ™o , -——— vss
20 ns ‘-

teut - b to0 e
Ostein7 (9) < 1 s0% \ / \ 90*\3“ £
Tt te e te00 v PHL —] tn.u on = Voo
166it output 1(18) thoe oo
17-bit input ) |0 R ves
‘ i zon-—l Py == - DT LM e b TR

e
Bt fam q e w0 Voo rl:u-( VoM VDD
32-6it QUL 6 (10) \ M r,scm
33.pit input J0% vq
—=Z .4 TLH o it Vss
Hu : PLH VoM == ———— VDD
48 bit output 2 (14}
49-bit input tTLH " VoL
LM T“L
________________ vpo
64 bit output ) ) .
— — ——— e e — ———— Vss
. PtriH ] bt
EXPANDED BLOCK DIAGRAMIHIZ OF DEV’CE SHOWN)
cnouto—D: . - --- - . ’ .-
Dmo—D: o af+p ofjic afHOo eft40 el  aFr{e aHD ol o
e 1 ¢ 2 c 18 c 12 c 32 c 33 C a8 C ap C es Q
3-Stare WE 3-Stare WE 3-State WE 3.State
Writh D= - [‘ . J— r
Enable ’ l e l - ’ -
Wrire Enabis = 0, 18.-bit outbut 325t output 48-bit oumut L 64.-bit output
Write Enadle = 1, 17.bit Input 33-bitinput 49-bit input High impedence
L

This device contains cirtcuitry 10 protect the mputs against dsmage due 10 high static
voltages or slectric fields; however, it is advised that normal precputions be taken to
svoid spplicstion of sny voliage higher than maximum rated volisges 10 this high
impedance circuit. For proper operstion it is recommended that Vs end Vg be
constrained to the renge Vgs € (Viq 0or Vgt € VD

Unused inputs must llwwt' be tisd to an sppropriste logic voltage level {e.g., sither
Vss or Vpp!-
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~
1-T0-64 BIT VARIABLE LENGTH SHIFT REGISTER CMOS LSI
The MC145578B is a static clocked serial shift register whose length (LOW-POWER COMPLEMENTARY MOS)
may be programmed to pe any number of bits between 1 and 64. The
ranted Lengin ool o (L1- L2, L, L8, 116, and L321 oy 1-T0-64 BIT
enabled Length Control inputs , L2, L4, L8, , an plus
one. Serial data may be selected from the A or B data inputs with VARIABLE LENGTH
the A B select input. This feature is useful for recirculation purposes. SHIFT REGISTER
A Clock Enable (CE) input is provided to allow gating of the clock
or negative edge ctocking capability.
The device can be effectively used for variable digital delay lines
or simply to implement odd length shift tegisters.
characteristics can he found on the Fam:ly Data Sheet.
e Quiescent Current = 10 nA/package typical @ 5 Vde
® 1-64 Bit Programmable Length
e Qand Q Serial Buffered Outputs
® Agynchronous Master Reset
® All {nputs Butfered L SUFFIX P SUFFIX
® Ne Limit On Clock Rise and Fall Times CERAMIC PACKAGE  PLASTIC PACKAGE
® 8 MHz Operation @ Vpp = 10 Vdc Typical CASE 620 CASE 648
® Supply Voltage Range = 3.0 Vdc to 18 Vdc ERING INFGRMATION
o Capzble of Driving Two Low-power TTL Loads, One Low-power ORD
ich(ot:avn;:L Load or Two HTL Lo:ds Over the Rated Temper- MC1EX XXB Suttin Denotes
ure
L Ceramic Package
P Plastic Package
MAXIMUM RATINGS 1Voltages referenced 1o Vgg! A Extencec Operating
Rating Symbol Value Unmit Temperature Range
C Limited Operating
R 153 A\ -l -
DC S.oply Veltage DD 05t0-18 Vde Temperature Range
Input Voltage. All Enputs Vin 05t Vpp + 0.5 Vdc
T DC Current Deain per Pin I 10 mAdc .
Operat:ing Temperature Range ~ AL Device Ta -55 10 +125 °c BLOCK DIAGRAM
CL CP Device -40 10 -85
Storegc Temperature Range Tsig -65 10 =150 oc 30— R
40— C
5 O CE
LENGTH SELECT TRUTH TABLE 60——B QF—010
70— A
L3z [LY6 | LE Lé L2 L1 | Regster Length 90— A/B Select
[¢] ] [¢] ] ] Q 1-8it 20— 11
o [+} 3} [} 0 1 2-Bits 10— L2 _
o o [ 0 1 ° 3818 150— L; Qp—omn
o |o jo |6 |1 1 4B :o tm
] 4] s} 1 .0 o] 5 Bits 12 132
[ 0 [} 1 [} 1 6 Bits 0
Vpp = Pin 16
Vgg = Pin8
1 o ;o] o | oo 3381t TRUTH TABLE
1 ° [} ° [} 1 34'Bity
. . . . . lnputs Output
R | A'B|Clock| CE Q
0 o | (] B8
1 ] 1 1 ] 0 61 8its ° \ i ad ° A
1 1 1 ) [ 1 62-Bits o o = s
1 1 1 1 1 o 63-Bits o N 1~ A
1 3 1 ) 1 1 64 Bits N x x x °
. Qs th f the fi ed
Note Length eguals the sum of the binary length ‘:,(“ ,‘.:;:::J:::':' @ first seiecy
CONIrol subscripts plus one X = Don't Care.
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ELECTRICAL CHARACTERISTICS
e

| R . Vob Tiow" 25°¢ Thigh®
’ Charactenstic Symbol Vde Min Max Min Tvp Max Min Max Unit
ST Voltage 70" Level Voi 5.0 - 0.05 - 0 0.05 - 0.05 Vde
i V. Vppor0 10 - 0.05 - 0 0.05 - 0.05
! : . 15 - 005 - 0 0.05 - 0.05
17 Level VOH 50 4.95 - 495 5.0 - 4 95 - Vac
vin - 907 VDD 10 9.95 - 9.95 10 - 9.95 -
15 1495 - 14.95 15 - 14 .85 -
ur Voitage® 0" Level Vio Ve
g - 4.50r 0.5 voc) 5.0 - 15 - 2.25 1.5 - 15
vp < 9.0 0r 1.0 Vac) 10 - 30 - 4.50 3.0 - 3.0
(wg - tREor 1.5 Voo 15 - ac - 6.75 a0 - 40
17 Level| Vi
vg = 05 0r 4.5 vde) 5.0 35 - 35 2.75 - .35 - vde
ivp: 1.0 0r 9.0 Vde) 10 70 - 7.0 5.50 - 7.0 -
iv,or= 1.5 0r 13.5 Vdc} 15 11.0 - no 8.25 - 11.0 -
Dwiput Orive Current {AL Device) 10K mAdc
VoK © 2.5 Vee) Source .50 -t.2 - -1.0 -1.7 - -0.7 -
Vo = 4.6 Vdc) 5.0 ~0.25 - | -02 -0.36 - -0.14 -
Vo = 9.5 Voc! 10 ~0.62 - -0.5 <09 - -0.35 -
VoM - 13.5 Vaci 15 -1.8 - -1.5 -35 - -1.1 -
(VoL = 0.4 Vdc! Sink oL 5.0 0.64 - 051 0.88 - 036 - mAdc
Vo = 05 vdel 10 1.6 - 1.3 2.25 - 08 -
VoL = 1.5 Vae) 15 42 - 34 88 - 24 -
Dutput Diive Curtent (CL/CP Oevice] 10K v - mAdc
(Vou = 2.5 Vde) Source 5.0 -1.0 - -0.8 -1.7 - -06 -
tVoH = 4.6 Vdcel 5.0 ~0.2 .- -0.16 ] -0.36 - -0.12 -
(VoW = 9.5 Vde) 10 -05 - -0.4 -09 -~ -0.3 -
(VoW = 13.5 Vdc) 15 -1.4 - -1.2 -35 -~ -1.0 -
{tVge = 0.4 Voc) Sink oL 50 052 - 044 088 o~ 0.36 - mAde
(VoL = 0.5 vde) . 10 1.3 - 11 2.25 ~ 09 -
«‘VQ‘_ * 1.5 Vde) 15 36 - 30 88 ~ 24 -
Input Current {AL Device) Lin 15 - =01 - <0 00001 | +0.1 - <10 LAde
input Current {CL/CP Device} tin 15 ~ :03 L - 1000001 | =03 - 1.0 wAdc
input Capacitance Cin - - - - 50 75 - - pfF
V) - O
Quiescent Currens (AL Devicel oD 50 - 50 - 0.010 5.0 - 150 uAdc
{Per Package) 10 - 10 - 0.020 10 - 1300
o5, ~ 20 - 0.030 20 - 600
Qu.escent Current ICL/CP Device) DD 5.0 - 50 - 0.010 50 - 375 wAdc
(Per Packagel 10 - 100 - 0.020 100 - 750
15 - 200 - 0.030 200 - 1500
Total Suppty Current”* i, 50 Pp = {175 wA/KH2) | + 'Db wAdc
{Dynam ¢ plus Quiescent, i 10 Iy = (3.5 wA/kH2) f+ ipp
Per Package) 15 b1 = 15.25 uA/kHZ) ¢+ Ipp
(C; - 50 pF on ail outpuis, alt
bylfers switchinal
*Tiow - ~55°C for AL Device, ~40°C tor CL/CP Device.
Thigh = +125°C fo- AL Device, +85°C for CL/CP Device. This device contains circuttry 10 protect
=Nose immunity spec:fied for worst-case input combination. ‘::‘ i‘mf::“.q:‘:‘::"’::lr:::q"ie;": h:’w:;::'
Noise Margin for poth "1 ana "0 iever = 1.0 Vac min@ vpp - 5.0 voc it is sdvised that narmai orec;urionl bc’
20Vdemn @ Vpp < 10 Vdc taken 19 avoid applicstion of any voltage
25vVde Min @ Vpp : 15 vde niqhev then m..imum. tated voltages to
170 caicuiate 1012l supply current a1 [oads othes than 50 pF: ‘thiy high impedance circvit For proper
174G} = 1TI500F) ¢ T x 10-3 (¢, -501 Vv ¢ operation & is recommended 1hat V', 3nd
TeU T L oo . oyt DE constrained to the range Vg5 <
where t15 in wA (pet package), C| in pF, VD in Vdc, and fin kK7 is input frequency. Win 0r Vou € Voo
**The {ormulas given ard for the typical characieristics only at 259C. Unused inputs must aiways be tied to &n
appropriate logic voltage ievel le g . either
Mimimum No. of | Typical Setup Time Length Select Vgg or Vpp!.
Bits Selected 8 ~CE ns Lines = 1
! 180 Mone SETUP TIME
2 120 T 3] CHART
3 90 L2 The nature of the fength seiect logic causes the setup time to
5 60 La vary with the number of bits selected The following table
v 30 ) summarizes the typical variation at Vpp = 10V, Ta = 259C.
17 [+] L6
a3 -30 L32
L
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SWITCHING CHARACTERISTICS® (C_=50pF, T = 25°C} E
T Characteristic Symbol Vob 1 Min Typ Max Unit
Output Rise Time tPLH | ns
1TLH = (3.0 ns/pF) Cy + 30 ns 5.0 - 180 360
{ tTLH=(15ns/pFIC L+ 15ns 10 - 90 180 }
[ TLR={1.1n/pFICL+10ns 15 - B -} 130
iOutput Fall Time PHL H ns
tTHL = (1.5 ns/pF) C + 25 ns $.0 - 100 200
tTHL = {0.75 ns/pF} C @125 ns 10 - 50 100
1ty = 1055 ns/pFI C + 95 ns 15 - a0 80 :
Propagation Delay Time tPLK, ns >
{CorCEtoQorQ) PHL
tpLM, tPHE = (1.7 ns/pF) Cy + 415 ns 5.0 - S00 1000
tPLH, PHL = (0.66 ns/pF) C| + 167 ns 10 - 200 400
tPLH, tPHL = (0.5 ns/pF) C + 125 ns 15 - 150 300
(RtoQorQ} A A - ne ;
LA, tPHL = (1.7 ns/pF) C ~ 390 ns 5.0 - 475 550
1pLH, pHL = {066 ns/pFI Cp + 157 ns 10 - 180 380
1PLH, 1PHL = (0.5 ns/pF) C + 115 ns 15 - 140 280
Clock Pulse Width tWH(C) 5.0 440 220 - ns r
10 136 68 - L
15 100 50 -
Reset Pulse Width WH(R) 5.0 600 300 - ns
10 180 80 -
15 120 60 —
Clock Pulse Frequency fei 50 - 25 1.7 MH2
10 - 80 5.0
15 - 10.5 6.7
Clock Pulse Rise and Fali Time tTLH, 5.0 -
TTHL 10 No Limit -
15
Data to Ctock Setup Time (A or B 10 C or CE) 5y 5.0 900 450 - ns
L1, L2, L4 L8, L16, L32=0 10 360 180 -
15 170 135 -
Data to Clock Hoid Time (A or B 1o C or CE) th 50 -226 -450 - ns 3
L1, L2, 14,18 ,L16,L32=0 10 - 80 -180 - :
. 15 - 60 -135 -
Reset Fall Time TTLH 5.0 - - 15 s
10 - - 5
15 -~ - 4 :
*The formula given is for the typical characteristics only. i

TiMING DIAGRAM

Clock

A Input

<
o o
o "

Reset

VoH

-

VoL

1-bit iength:

CE-0

A/B= 1
L1=L2=_L4=18=t16=132=0
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" MCG6871A~

full function mrcroprocessor clock'

850 kHz to 25 MHz : ®
i 1o L A s b i Rt otk PN i
speciiications
DIMENSIONS
Rating Symbol Value unit N PIN CONNECTION ,
Supply Voltage ' Vee 5.00+£5% Vdc i i i 1 GND
Operating Temperature Bange Ta 0to 470 °C e | N .
Storage Temperature Tug —5510 125 °C Py gL, | e 3 MEMORY CLOCK
Power Supply Drain (max.) ot 100 mA T s T 5 @ TTL
ELECTRICAL CHARACTERISTICS (Ve = 5.0 = 5%, V. = O.Tx ey ioomOn 7 V.. (+5VDC)
= 0° to 70°C. unless otherwise noted) ____‘LE -
Characteristic Symbol| Win | Typ | Max [URR]  mrz o T T e 12 - NMOS
Frequency T" 015-.021 DiA (PINS) N 13 2 NMOS E
DOperating Frequency 8 850 25 I1MHz i Ry gee—| '
Frequency siability (inclusive *.07 % Lo 18 GND
of calibration tolerance at | = o | 20 ROLD 1
+25°C, operating temperature, T
imput voltage change, load ' s I 22 MEMORY READY 5
change, aging, shock and = ¥y »
vibration) 120 REF _I_':@éi;_ 24 2xfc
B I I
NMOS Oulputs at 1.0 MHz Operation*"* B -1
pu|se Width (meas‘ at TQIH 430 ns = 008 Note: All dumiensons are n inohes
Vee= —.3V dc level) T2,H | 450 ns
Logic Levels Voic |Vu-.1| — [Vu4-.3| Vde
Vore |Vee-3| — |Veet.1) Vde
Rise and Fall Times 1 5 | 12 ] 50 | ns WAVEFORM TIMING
; 1 5 -12 50 . ns (ALL TIME IN NANOSECONDS) _
:* Overshoot/Undershoot . .
Logic "'1" Ve 5 Veet.5 | Vde * i
Logic "'0" Vos V-5 V4.5 | Vde
Pulse duration of any over- | s
shoot! or undershoot Tos 40 ns sl ;
Period @ 0.3V dc Level feve 1.00 |. us " 1
Edge Timing @ V..=0.3V dc Tx 940 ns
NMOS Relationship ta 0
@ 4-0.5V dc Leve! ta 0 8.0 us
TTL Outputs —
in ref. 10 @ NMOS @ 0.3V dc
2, TTL Ta 15 | 30 45 ns
@1.4Vdc Tw 10 | 25 | 40 | ns L,
Memory Clock Te 30 | 50 70 ns _
@ 1.4Vdc T, 20 | 40 60 ns e 1av 2
2xfc @ 1.4V dc T ‘40 { 80 { 120 ns
Logic Levels Vew | 24 [3.2 vdc ’ r
Voo 3 4 vdc / vay | ){
Rise and Fali Times / :
4V and 2.4V t 15 ns
2.4Vand 4V 4 15 ns
Logic 0" Sink (/Gate) for —~1.6 [ mA
Logic 1" Source (/Gate) low +40 | uA TEST CIRCUIT ;
Current Output Shorted lsc —18 =57 | mA i
‘Load
'NMOS—Load Capacity 2., Z; Crmios 80 |120 | 160 pf I
\TTL—No. of Loads 5 ttl ; T =—mQVEVORY GLOCK
JTL—Lcad Capacity Cin 50 | pf __izzﬂ_ogs -
Logic Inputs** (“‘0" Level Applies HOLD or MEMORY READY) GND 0000 ?‘_:‘:"'.t‘cﬁ"m —
Holds @, NMOS 'High', &, HoD 1] —2 +.4 |vdc SOPR[a s v oc| ||, uosera 3 BE8ets essc,-;gosco-e
NMOS ‘Low', @, TTL 'Low’ 000 Of-mndE=e nen  #F PN T O EOUN
Holds ©, NMOS 'Low', ©; NMOS| MEM- | —2 ¥4 |vdc * Lot ™ S ;
"High', @» TTL ‘High', and | ORY i | SD Y i
MEMORY CLOCK ‘High' | READY L F8lincr
QUNTER
*Into specified test ioad I 3:52573\-
**Must be externally held at "'t tevel (2.4V min., 5.0V max.) it not used Cru = MAXCAPACITY 50 oF )
"?glp"tly_xgag !(ollowmon parameters for irequencies other than 1 MHz: Comazs = %i;’gﬂéééé‘i‘:::?:;::iu “‘-ggfgjl‘;gz“'aiu 2 ExvEmna
T6:H=05 (P-100} ns UC8800 1P INBUT STANBARS
Tx=(P- *HOLD A MORY REA vu
wll"\sv(e P=)d::ired period of operation in nanoseconds BPLEE'E&:‘LE it rared
LWENEE: :’OIV[J‘, WIN 50VDC MAX )
Reproduced with permission from Motorola, Inc., Phoenix, AZ 85008. E
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specifications

Rati Symbol Vai Unit e
ating ym aive PIN CONNECTION
Supply Voitage Vee 5.00%£5% vdc wa ] GO
Operating Temperature Range Ta 0to 470 *C
Storage Temperature Ty —5510 4-125 *C 3 @: TTL UNGATED
Power Supply Drain (max.) log 100 mA 5 & TTL
& syusor
ELECTRICAL CHARACTERISTICS (Ve = 5.0 = 5%, Vi = O.Ta e ioemon 7 V.. (+.5VDC)
= 0°* to 70°C. unless otherwise noted) o wax .%SE
Characteristic ymbol| Min | Typ | Max | Unit] = o t’m: oo 12 25 NMOS
meﬁ, [4;- 018021 OIA IPINSI 13 (73 NMOS
Operating Frequency te .250 25 | MHz { o i
Frequency stability (inclusive *.01 % | :&7 '8 GND
of calibration tolerance at 1= 20 HOLD 1
+25°C, operating temperature, a8 4
| input voltage chahngek. lo%d s || o 22 HOLD 2
change, aging, shock an e 2209 0
vibration) m‘t; T - - 24 2xfc
NMOS Outputs at 1.0 MHz Operation®** . Hox oS —Tﬁ— Note: 4xfc availabie on request
sulse Wiglhd(rr}easl.)m ;G.H 430 ns - Note. All dimensions sre in inches
= —.3V dc leve 2+ | 450 ns
Togic Leveis Vo [VarTT= ‘(,131 Vac M::L::::;;‘:;'s
onc_ 1 Veer3 | — | Vet [ g
Rise and Fail Times t 5 12 50 ns s Tou
t 5 12 50 | ns okl kel Vo V- 2 v e
“Overshoot/Undershoot - - L" ” ~ <.
Logic 1" Ve.5 Ve+.5{ Vdc v ] W i &
Logic "0" Vos | Vu-5 Vust.5! vdc e e, AN
Pulse duration of any over- .
shoo! or undershoot Tos 40 ns . il Y Vvl
Period @ 0.3V dc Level teye 1.00 us rass | & 4% S W
Edge Timing @ V..=0.3V dc Tx 940 ns , .
NMOS Relationship ta 0 -
@ +0.5Vde ta 0 80 | us b
m
TTL Outputs
In rel. to O NMOS @ 0.3V dc - F="
2, TTL@ 1.4V dc Ta 5130 45| ns g R
Tu 10 (25| 40 | ns s
@ Ungated @ 1.4Vdc Te 30 | 50 70 ns % .,
T, 20 | 40 60 ns -
2xfc @ 1.4Vde Te 40 | 80 | 120 ns e e k\
Logic Lavels Vou 24 |32 vdc
Vou 3 4 vdc
Rise:vnd Fag :i\r/nes
4V and 2. t 15 ns
2.4Vand 4V & 15 | ns TEST DIAGRAM
Logic 0" Sink (/Gate) lo —~1.6| mA
Logic "1 Source (/Gate) [ +401 uA
Current Output Shorted Isc —18 —571 mA
Load
NMOS-—Load Capacity ., ; Cweos | 80 ]120] 160 pt
TTL—No. of Loads 5 ttl
TTL—Load Capacity Cr 50 | of
Logic Inputs®* (0" Leve! appiies HOLD) bl
Holds &, NMOS ‘High', 2; -2 +.4 | vdc
NMOS "Low’ 2, TTL ‘Low'{ 00 ! —
Holds @, NMOS ‘Low’, @, NMOS [Haip 3] —-2 +.4 | Vdc ot
HOLD 2 apsizre

‘High', &, TTL ‘High’

QA EQUIY.

“into specitied test load Gen = MAX CAPACITY 8008, R i e
e . . Coact = 1200F = THE SPECIFI
**Must be externally held at *‘1** level {2.4V min., 5.0V max.) if not used e‘:{%?:?é?ﬁi?%;@v;zu ngEOHE:N'AL
***Apply the tor ies other than 1 MHz2: MCSA00 MPU INPUT sungné

0.5 (P-140) ns

ToH:
GiH=032 (P100) na T oo BT w1t
ns 12 4VDC MIN 8 OVDC MAX |
ired period of ion in Nor
d MOTOROLA trad rks of M la, Inc.
MOTOROLA INOC. COMPONENT PRODUCTS DEPT. B N O o mo Thangs without nonice:
2553 N. Edgington  Franklin Park, lll. 60131  312/451-1000 Printed In U.S.A. (7508) Merit
© 1978 by Motorola Inc. R29-3-8

Reproduced with permission from Motorola, Inc., Phoenix, AZ 85008.
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MOS Counter Time-Basa Circuit

< jon-implanted for full TTL/DTL compatibility

s irom.

3 Internal clock operate
External signal
External RC network
External crystal

3

Operates DC to above 1 MHz

O Binary-encoded for frequency selection

DESCRIPTION

The MK 5009 P is a highly ver-
satile MQOS oscillator and di-
vider chain manufactured by
Mostek using its depletion-
load, ion-implantation process
and P.-channel technology.
The 16-pin DIP package pro-
vides frequency division
ranges from 1 to 36x 10 The
circuit will operate from any
of three frequency sources:

the internal oscillator with an

external RC combination; the
internal oscillator with an ex-
ternal crystal; or with an ex-
ternally-applied TTL signal.
Control inputs provide addi-
tional versatility and allow the

circuit to be used in a variety’

of applications including in-
struments, timers, and clocks.

With an input frequency of 1

MHz, the MK 5009 P provides
the basic time periods neces-
sary for most frequency meas-
uring instruments, ie, 1 &S
through 100 seconds. One-
minute, ten-minute, and one-
hour periods are also avail-
able using a 1 MHz input.
Using a 1/1.2 MHz input, the
MK 5008 P can also provide a
50/60 Hz output for accurate
generation of line frequencies
in portable instruments or
clocks.

The. time-base output (TIME
QUT} is a square wave, its
frequency determined by the
selected counter division, and
by the oscillator frequency or
external input. The falling
edge_of the output square
waveé should” bé used to con-
trol external gating”¢irctitry.

PSSR

2 s
S = = g
g = o= £ 2 3
2§ »n| &) ~] 212
==
FEEDBACK )%—-‘ ’ EXT/INT T
FEEDBAGK 24— OSCILLATOR | CONTROL e
CLANP 10 =
RESET wax - ook 107 +100 3
‘ = +10? 5
RESET 0— RTROL b E
PR — & el0t ®
] £ [l e2x10¢
12 o +10°
» —m Bl
13 = g b+l
2‘——{>T~‘ 8 El—-exi07
Mo & Sl
Zﬁ = +6x10¢
L e 3sx10e
| =

TIME OUT
ADDRESS INPUTS WITHOUT RESET RESET BYPASS MODES (see page 3)
Reset Max. Reset Min. Mode 1 Mode 2 Mode 3

Busax = 0 Ruax =1 Rusx =0 Rusx = Vss. Ruax =0 Ruax = Vse
23 22 21 Do ) Re =0 Ro =0 Ro =1 Ro =0 Ro = Ves Ro = Ves
0 0-0 O -+ 10° =100 -+ 10° - 10° =100 =100
0 9 0 1 = 10! = 10! -~ 10! = 10’
0o 0 1 1} =10 Resets Resets =102 =~ 10? = 102
o 0 1 1 + 10 - 103 =10 =10
o 1 0 o0 = 104 Counters Counters = 10 =10 =10
0 1 0 1 = 108 =107 = 108 -~ 10?
0 1 1 0 — 10¢ to their to their +— 103 = 108 =10
0 1 1 1 =107 -+ 104 =107 - 104
1 o 0 0 = 108 Highest Lowest = 108 = 108 ~ 107
16 0 1 + 6 X 107 + 8 X 10¢ + 6 X 10¢ + 6 X 10!
1 o 1 0 + 36 X 10¢ States States = 36 X 10¢ — 36 X 10% = 36 X 107
1 0 1,01 - 6 X 10* =~ 6 X 108 = 6 X 10 =~ 6 X 107
1 1 0 = 2 X 104 = 2X 10 = 2X10 = 2 X 10
11,11 Ext. In. Ext. In. Ext. In. Ext. Int. Ext. Int, Ext, int.,

*Addresses 1100 and 1101 result in Logic 0 at the output regardless of the state of the Reset Max, and Reset 0 inputs.

Logic 1 = High = Vg
Logic 0 = Low = Vp,

Reproduced with permission from Mostek, Carrollton, TX 75006.
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ABSOLUTE MAXIMUM RATINGS

Voltage on Any Terminal Relativeto Vgg . . . . . . . . . . . . . . .=03Vto - 20V
Operating Temperature Range (Ambient) . . PP ¢ M O (o] +70:C
Storage Temperature Range (Ambient) . . . . . . . . . . . . . . -5 Ct +150°C

RECOMMENDED OPERATING CONDITIONS
(0°C =T, <70°C)

h PARAMETER MIN TYP ] MAX l UNITS NOTES
Vs Supply Voltage + 45 i + 55 | )Y | .
Ves | Supply Voltage 00 0.0 ! v I
Veo | Supply Voltage - 96 - 144 | v
' |
fx1a| Crystal Frequency 0.1 20 | MHz
fre RC Frequency DC 200 1 kHz
fexr External Frequency ! DC 2.0 } MHz
t, | Logic0 Pulse Width. CLAMP - o Note 5
Ext. Input {200 i nsec
tom Logic 1 Pulse Width, Ext. Input 200 nsec
Reset Max 10.0 isec
Reset 0 10.0 HSeC
R Feedback Resistance .01 » 2.5, E Mo ! Fig. 1
Vi Input Voltage, Logic 0. Reset Inputs 0.0 0.8 ! Y
Reset (Bypass Mode) Veo Veo + 1.0 \ Note 2
All Other Legic Inputs 0.8 \
1 v, | Input Voltage, Logic 1, All Logic Inputs Ve-1.0 Vg Vg +03 Vv
ELECTRICAL CHARACTERISTICS
Mgy = =SV = 10%: Vg~ OViVge - =120V - 20%:0 C<T,<700)
PARAMETER MIN TYP? MAX UNITS NOTES
fes Supply Current, Vg 6.0 11.0 mA | Note1
lee Supply Current, Vge 6.0 110 ! mA
e Input Current, Logic 0 - 16 ; mA i Note2:
'V, =04V
Voo Output Voltage, Logic 0 Q0.4 V. lo, = 1.6mA”
Vou | Output Voltage,Logic 1 2.4 | \ lon = —40:A"
fo. | Frequency Stability w/ Volt. Change, RC Mode =30 ie/v . | Noted
/ Temp. Change, RC Mode - 0:2 %{ C
Crystal Mode —_ Note 4
te o Jitter, Edge-to-Edge Variation <15 nsec Temp. & Sup-
ply Voltage
-Constant

-Typical values at Vss = +5V, Voo = OV. Vg6 = —12V. and Ta -. 25¢C

1. Legic inpuls at Vse. output open circuited Each logic input (see Nole 2) contribytes an acdditional 1.6 mA {max) to lss when at logic 0
2 Legic Inpuls are: Reset Max; Rese! 0; Address Inputs; Ext. Input; Ext-Int Seiect; ang Ciamp.

3. Freguency variations cue to power sucply changes only ’

4. Crystal moce stabiity is dependent upcn crystal.

5 M.aimum logic 0 t.me at clamp input s 5C% of osciliator perioc.

*Veou, Voi apply only to Time Out

Reproduced with permission from Mostek, Carrollton, TX 75006.
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DESCRIPTION OF OPERATION

The MK 5000 P consists basically of a series of
counters. selectable via an internal muliiplexer.
The = 10' counter output is used to generate an
internal clock signal for the 10? through 36 < 10¢
counter stages. which are fully synchronous with
2ach other.

OSCILLATOR CONTROLS

Operation in the RC oscillator mode is achieved
as shown in Figure 1. Frequency. f, is approxi-
mately 0.8 RC. The clamp circuit can be used
in the RC mode to provide_one-shot or accurate
start-up operations. When Clamp goes 1o a iogic
0. the internal circuitry is held at_a reference level
so that upon release of the Cilamp (return to
logic 1). the oscilfator's first cycle will be a full
cycle.

The crystal oscillator moade is shown in Figure 2.
Values for the resistors are chosen to bias the
internal circuitry for optimum perforrmance. The
two capacitors are chosen to provide the loading
capacitance (C,) specified for the selected crys-
tal. It is recommended that C1 = C2 = 2 C./

RESET/BYPASS CONTROLS

The MK 5009 P provides two different reset con-
ditions. A positive-going pulse of 10 »s or longer
on Reset 0 will resel counters (o their lowest
state. while_a positive-going pulse at Reset Max
will rese. couriters to their highest state. The
Reset Max control enables the user to set up the
counters to provide a falling edge at the next
oscillator cycle or negative-going external input,
regardless of which divider chain is selected.

In addition, taking one or both Reset Inputs to
the most negative voltage. Vs, allows bypassing
portions of the divider chain for testing or other
purposes (see table on page 1).

EXTERNAL/INTERNAL FREQUENCY SOURCE

When using an external signal source to operate
the MK 5009 P, that signal should be applied at
the External Input (Pin 3), and the External/Inter-
nal Select (Pin_5) should be brought t5 Togic 1.

For operation with an internal signal, the Ex-
ternal "Internal Select should be at logic.0.

OSCILLATOR OUTPUT

The oscillator output, provided at Pin 10, is not
a true logic output, but may be used to drive a
high impedance device such as a junction FET
or other MOS circuitry.

Ve

24

0se out
R210K © g 25K
¢_C' - Vmo—ﬂ—j——(:)r;mcr ?
__!_ GTEEDBLHKZ n l ou. Lo
C2250F = ®
T T 18Ma
i—(:)FEEDBACKl o
Vap 0 . FECDBACK |
s 12M;
fiG. 1
VDD
PIN CONNECTIONS
TIME OUT 1 (e 716 Vee
Voo 2 [ 15 Vs
EXT INPUT 3 [ 014 2
RESET 0 4 [J 113 2
EXT/INT 5 O 012 2
RESET MAX 6 [] o 2
CLAMP 7 [ )10 0SC. ouT
FEEDBACK 1 8 [ 79 FEEDBACK 2

PACKAGE
16-pin ceramic dual-in-line

——m————— e

CAATE Caton o '
o

soenseven | 1 il
Ay vm !‘ ‘I !W—:-
- i E
e mcde i

PACKAGE
16-pin plastic dual-in-line

Suffix P

Suffix N

Reproduced with permission from Mostek, Carrollton, TX 75006.
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APPLICATION — 10 MHz Frequency Counter

The circuit shown beiow is a frequency counter capa-
ble of counting input rates up to 10 MHz, selected in
four ranges. The MK 5009 P provides the time base
intervals while the Mostek MK 5002 P counter circuit
proviccs counting, storage, and display functions. Two
decades of prescaling using TTL are employed. TTL
ore-shots provide proper timing for the 5002.

To replace the functions cf the MK 5009 P, an active
device and Schmitt trigger for the crystal oscillator
would be needed., plus six 7490's to achieve the cor-
rect time out. Replacing the functions of the MK 5002
would reauire four 749Q's, four 7475's, and four BCD-
to-seven-segment decoders.

Cweur
! CIPCUITRY ¢
Rlial ! 7400 7406 7450
| DIF. ANP Y |
J S -
INPYT
2h 5447
74123 '
W @ R R I L1
! S A l By . _.__T B
R 0ot ot 05 9M 2400 TRENGFER  OVERFLOW
; TRG“B R Q8 (R Q TRAM| O COUNT LATCH
: ¥ T T 4 Ty RESET
i T b ’—Dj (—‘223 MK 5002 P
Ty e -
— 1‘ r.'SD I_
i [ Lrecorrcls
- |
!
2K §3) P
7434 (3) | R
: i ; Pl |
. ~ |
<} 3y [ m——m o= 1] ]-‘_J
D 5\’T L 5@ % ) DiSPLAY
7478 Hn o r.J 550 P I | (FOR INTERFACE ma—
v vy |“‘ _Y_ +5v$ +5V POLPUR T ERPALL —
@ |y padtt sl ! REQUIREMENTS, REFER ——————
, 58 4 | 1 TowK sz e ]
i | O ORI U e 13 S ——
- Luoo ..... *S _____ ; ,
e g | L e m e e e mm = - Fl
L 1 S
4:\‘ +5¥ ’ 1 10.000 H,
fReseT = 2 o S
S S o2 g (.;'—J g}?ouog%gHisz
o ERE TN & 10000 MH:
R [xv,mﬂ
= 2
B e s =
v =P
’ 82 2= o
5k L, o} rane [25
_'L 2 (2 | & Z)
= TV Loy
Reproduced with permission from Mostek, Carrollton, TX 75006.
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HEWLETT gg PACKARD

COMPONENTS

SOLID STATE

NUMERIC INDICATOR |5082-7430
(7 Segment Monolithic)| SERIES

TENTATIVE DATA OCT. 197

Features

e MOS COMPATIBLE
— Can be Driven Directly from many MOS
Circuits

¢ |.OW POWER
— Excellent Readability at Only 0.5mW per
Segment

@ CONSTRUCTED FOR STROBED
OPERATION
— Minimizes Lead Connections

¢ STANDARD DIP PACKAGE
— End Stackable
— Integral Red Contrast Filter
— Rugged Construction

e CATEGORIZED FOR LUMINOUS
INTENSITY
— Assures Uniformity of Light Output from
Unit to Unit within a Single Category

Description

The HP 5082-7430 series displays are .11 inch high,
seven segment GaAsP numeric indicators packaged
in 2 and 3 digit end-stackable clusters on 200 mil
centers. An integral magnification technique in-
creases the luminous intensity, thereby making
ultra-low power consumption possible. These clus-

Device Selection Guide

ters have the standard lower right hand decimal
points.

Applicationsinclude hand-held calculators, portable
instruments, digital thermometers, or any other
product requiring low power, low cost, minimum
space, and long lifetime indicators.

Digits per Configuration ]
Cluster Device Package Part Number
2Aright) HiH (Figure 5) 5082-7432
3 HIAH E} (Figure 5) 5082-7433

Reproduced with permission from Hewlett-Packard, Palo Alto, CA 94304.
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Absolute Maximum Ratings

Parameter Symbol Min. Max. Units
Peak Forward Current per Segment or dp {Duration < 500us} lpEAK 50 mA
Average Current per Segment or dp lAvG 5 mA
Power Dissipation per Digit [1] Po 80 mW
Operating Temperature, Ambient Ta —40 75 °c
Storage Temperature Ts —40 100 °c
Reverse Voltage VR 5 \%
Solder Temperature 1/16” below seating plane {1 <5 sec.) 21 230 °c

NOTES: 1, Derate linearly ® 1 mW/ C above 25°C ambient. 2. See Mechanical section for recommended flux removal solvents,

Electrical/Optical Characteristics at T,=25°C

Parameter ] Symbo! Test Condition Min. | Typ. | Max. Units,
Luminous Intensity/Segment or dp 3 L tavg = BOOUA

- {lpx=5mA 10 40 ped

duty cycle = 10%)

Peak Wavelength Xoeak 655 nm -
Forward Voltage/Segment or dp Ve lg=5mA 1.55 2.0 \
Reverse Current/Segment or dp ) Vg =5V 100 uA
Rise and Fall Time 4. ) 1, b 10 ns

NOTES} 3. The digits are categorized for [luminous intensity. Intensity categories ére designated by a letter located on the back side of
the package. 4. Time for a 10%-90% change of light intensity for step change in current,

50 1000
v
< 1 -
T a5 ) -
: . 500
~ 40} oZ 40|
z ©E 300 DUTY CYCLE = 5%
g 3k 42 10%
3 Tw 200
o 30 > 20%
o. <
-1 £r 0
: =5
c Fr 22
o 3 = 50
X 5 T2 40
>
v -4 30
3
S ook 2
2 2
£ s H
- 2
S T S S N .4 B 10 Logod bt g
0 2 4 6 B 10 12 14 16 18 20 01 0203 05 10 2 3 .6 10
Vr - PEAK FORWARD VOLTAGE - V lavg — AVERAGE CURRENT PER SEGMENT — ml;
Figure 1. Psak Forward Current vs. Figure 2. Typical Time Averaged Luminous Intensity
Peak Forward Voltage per Segment vs. Average Current per Segmaent
10 -
F
L 1.0
r 5r o
z 4 2 o9
g 3 S osg
3 £
z s o0
3 2
2 g 0.6
H g 05
:
w 0.4
$ o g
T 03 Z o3}
z 3
€ 02f @ t?.z -
. . 0.1 F— N
XY SIS EAFINS N N NI R S 0 N Y NS N N S |
60 40 -20 © 20 40 60 80 0 5 10 15 20 25 30 35 40 45 50.
Ta - AMBIENT TEMPERATURE - °C lpx ~ PEAK CURRENT PER SEGMENT — mA
Figure 3. Relative Luminous Intensity vs. Ambient Figure 4, Relative Luminous Efficiency vs. Peak
Temperature at Fixed Current Level Current per Segment

Reproduced with permission from Hewlett-Packard, Palo Alto, CA 94304.
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Package Description

NOTES: 1, Dimensionsin inches and {millimeters}
2. Tolerances on alt dimensions ase = 015 (0,038}

200
* ')‘ 15,087
125 Qe
(3.18) . '
|
i t !
2501 010 _y R
(6,35 - 0.25) -
!
160,
MAx———J 4,061
w3 080 DISPLAY .
— 12.03) o
T 085 : PLANE
260 (2.16)
oo™ § : 070 (1,78)
TITTT A
!
j
:
PIN 1 KEY |
.048 = .007 i 1 L 170+ .020
(22 08n P 100
L - s
T 0s0,
(2R

unless otherwise specified.

1__ 300 = 010
‘ 7,62+ 3)
!

14,32 - 051) 010 ~.”*- '
vp 0.25) & REF

Figure 5,

Magnified Character Font Description

(e REF ’ P
DEVICES i r
5082-7432 {‘ |
5082- i [] R
5082-7433 ’ (2779) REF.
~f 10°
] REF
e —
NOTES: 1. Dimensions in inches and (millimeters)
013 idp. 013 e
(a3 REF.A=+] 0,33)
Figure 6,

Device Pin Description

PIN 50827432 5082.7433

NUMBER FUNCTION FUNCTION
1 N/C CATHODE 1
2 ANODE e | ANODE e
3 ANODE d ANODE d
) CATHODE 2 CATHODE 2
5 ANODE ¢ ANODE ¢
6 ANODE dp ANODE dp
7 CATHODE 3 CATHODE 3
8 ANODE b ANODE b
9 ANODE g ANODE g
10 ANODE a ANODE a
1 ANODE f ANODE f
12 N/C N/C

Reproduced with permission from Hewlett-Packard, Palo Alto, CA 94304.
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Electrical /Optical

The 5082-7430 series devices utilize a monolithic
GaAsP chip of 8 common cathode devices for each
display digit. The segment anodes of each digit
are interconnected, forming an 8 by N line array,
where N is the number of characters in the display.
Each chip is positioned under an integrally molded
lens giving a magnified character height of 0.11
inches, Satisfactory viewing will be realized within
an angle of approximately + 20° from the center-
line of the digit.

Character encoding on the 5082-7430 series devices
is performed by standard 7 segment decoder/driver
circuits. Through the use of strobing techniques
only one decoder/driver is required for very long
-thultidigit displays.

A discussion of display circuits and drive techniques
appears in Application Note 9486,

Mechanical

The 5082-7430 series package is a standard 12 Pin
DIP consisting of a plastic encapsulated lead frame
with integrally molded lenses. It is designed for
plugging into DIP sockets or soldering into PC
boards. Alignment problems are simplified due to
the clustering of digits in a single package.

To improve display contrast, the plastic encapsulant
contains a red dye to reduce the reflected ambient
light.

The devices can be soldered for up to 5 seconds at
a maximum solder temperature of 230°C (1/16”
below the seating plane). The plastic encapsulant
used- in these displays may be damaged by some
solvents commonly used for flux removal. It is
recommended that only Freon TE, Freon TE-35,
Freon TF, Isopropanol, or soap and water be used
for cleaning operations,

S Ty T et L SR e U o S et i i e e g 3

HEGi053) .

LI LTI TIT

LI 1T L1 L T]J

“CALCULATOR
ON A CHIP™

-MOS . I

CATHODE

DRIVERS

BONDAEW R

o = ——— e

R A T-Ee

A RRT L i S a0 A M e, @ FTia i a4 el

Figure 7. Block Diagram for Calculator Display

1

3
2 e F Rkt b L BED DA i L g S b st e et L T ak
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SPEED/PACKAGE AVAILABILITY

DESCRIPTION

The 82883 4-bit binary coded (BCD) adder is a high speed
‘Schottky MS! circuit that has been designed for easy systems
usage. This unit produces the BCD sum of two decimal numbers
presented in the 8-4-2-1 weighted BCD format. Carry-in and
carry-out terms are provided for easy expansion to any number
of decades. The 82583 BCD adder has been designed such that
input and output logic levels including the carry are in their true
logic form. .

Compared to cumbersome hardware implementations previ-
ously at the designer’s disposal that consist of binary addition
followed by decimal correction, the 82583 BCD adder generates
the BCD carrytermsinternatly in the look-ahead mode and does
BCD addition directly. For valid BCD numbers (0 through 9) at
the A and B inputs the BCD sum is formed at the output. If
addition (A+B+CIN} would yield a number grealerthan 8, avalid
BCD number and a carry result.

Input codes above 9 are not defined except for binary to BCD
conversion. Binary to BCD conversion is obtained by applying
any 4-bit binary number to the AN or BN inputs while the
remaining inputs are grounded. For input codes'0 through 9 a
BCD number result at the output is usual. if binary inputs 10
through 15 are applied a carry term is generated and the carry
output together with the sum out are the BCD equivalent of the
binary input. Conversion of binary numbers greater than 16 can
be achieved by cascading 82S83’s.

Subtraction can be done with the 82583 by using 9's comple-
ment addition. Rather than implementing a 9's complement
circuit with gates or ROM's, the 82583 BCD arithmetic unit
should be-us~d. The 82583 incorporates the 9's compiement
feature and performs BCD addition, BCD subtraction, and
number comparison.

SWITCHING CHARACTERISTICS
TA = 25°C and VCC = 5.0V

PIN CONFIGURATION

T -
B,F PACKAGE
o Ny
ot - i 5] vcc oot v
scoest o [ ] ae B
"okt v [ T 0y S
B&Dorl:;;?'( E -_‘; Ay BCD tnpus
Carry Input C|n E E
Word B*
Carry Output Coyt E E sy gCDSum
utput®
BCD S
oam s ] @ 5, o5
Ground 3 Sg gﬁg’f‘"’m
*Weighted (84-2.1)
TRUTH TABLE
BCD CODE
Decimal BCD Number
Equivalent 8 4 2 1
0 0 00O
1 0 0 0 1
2 0010
3 0 0 1 1
4 0100
5 o0 1 01
6 01 1t o0
7 o1 1 1
8 1 0 0O
9 1 0 0 1

LIMITS
PARAMETER
MIN. TYP. | MAX.| UNITS

Turn-On/Turn-Oft Delays
Any AN, BN, Cin ton 20 35 ns
to SN toff 20 35 ns
Any AN, BN, to ton 33 40 ns
Cout toff 17 25 ns
Cin to Cout ton 17 25 ns
toft 10 15 ns

Reproduced with permission from Signetics, Sunnyvale, CA 94086.
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ICAL APPLICATIONS (CONT'D.)

BINARY TO BCD CONVERSION USING A; INPUTS

PARTIAL TRUTH TABLE FOR Al > 9,Bi= 0
|ciIN{ A1 A2 A4 AB| BY B2 B4 B3| S1 S2 S4 S8|CO
oJo 1+ o 10 o o o0{0 0 0 o011
olt 1+ o 1+lo0o o o o1 0o 0 o0 1
0] o0 0 1 1 o o o o} o0 1 0o 0 1 Py
ol1 o 1 1f0 o o0 o1 1 o6 0] ”T T
cloe+«t 1 1]/0 0 0 0|0 € 1 ©1 . R
of1 1 1 1]0 0o o of1 o 1 ofn1 RS I Eactt
1 0 1 0 1 0 0 [o] 0 1 0 0 0 1 llll
i1tb1 1+ o 110 o0 o0 o]0 1 0 o0fn1 e st caot
'+l 0 © 1 1]0 © o of4% v o o0} 1
1/1 0o 1 1|0 o o o0o|lo0 0 1 of?
116 1 1 176 o0 o0 o1 o 1 o0}~
111 1 1 1{06 0 @ 0} 6 1 1 01} 1
BINARY TO BCD CONVERSION USING B, INPUTS
PARTIAL TRUTH TABLE FOR BI > 8, Ai=0
CIN| A1 A2 A4 AB| B1 B2 B4 B8 S1 S2 S4 S8 |CO
0o 0 0 0|0 1 0 1] 0 0 © O 1
olo 6 0o of1 1 0 1} 1 0 0 O0}1
ojo o 0o ol 0 O 1 1L 0 1 0 O} 1 Yyl
olo o o ol 1 0o 1 1] 1 1 0 0]1 1m T T H
0Jo o o ofo + 1 1[1 0o 0 1/0 S S S
olo o o of 1 1 1 1] 1 0 1 0}]1 o i Beeae
110 o0 0 o0l o 1 0 11 1 0 0 011 TTT1
110 o 0o ol 1 1 0 1/ 0 1 0 0] 1 a1 st oecaok
1o o o ol o o 1 1] 1 1+ 0 O] 1
10 o 0 ol 1 0 1 1] 0 0 1 0]
110 o o ofo0o 1 1 1] 1 0 1 O] 1
110 o 0o of 1 o o o[ 0 1 1 0]

Reproduced with permission from Signetics, Sunnyvale, CA 94086
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TYPICAL APPLICATIONS - = ———
PARALLEL ADDITION OF FQUR DECADES \,
4 DECADES 8CD INPUTS 1

RRREEEN AR HNEEREE [ ]]]
Ar A7 Aq Ag By B2 04 By Ay Az Ae Ag B1 B2 B4 By a7 Az A¢ AL By B2 B, By Ar Az AdAp B1 B By B ;
caRRY IN O——{ Cin 8258 [N Cn azsmy c Cn =m0 [N Cin s Cofm0 canrroe |

5) 528 % 51 5 84 8 $1 83 8 Se 5152 Sa 5

dIT P , RRR I |

4 DECADES BCD SUM

BIT PARALLEL-WORD SERIAL BCD MULTIPLIER

187 i
DELAY ;
!
4 BCD DIGITS ROM MULTIPLIER
M
exnBIT so vait
N MULTIPLICAND :
REGISTER 4x8223 DELAY

PROMS

LOOK-
4 BCD DIGITS TABL COI Co l

{100 8-BIT LSO

e ]
AX 08T WORDS)
N MULTIPLIER
REGISTER
82583 82883
4817 4-BI1T
BCD ADDER BCD ADDER

Cin I i Cm’
T A4XnBIT axnBIT eIt 1847
) REGISTER REGISTER DELAY DELAY
ouT

2n BCD DIGIT PRODUCT Q___._- L___.—-

BINARY TO BCD CONVERSION FOR TWO DECADES

PN

1111 [ I

Ay Ay kg Ag By By By Bg

_[_—_ Cin 82583 Co
= Sy 53 S4 S
4, A, A, Ag By B, Eg By Ay B A &g By By By By =
c B-6 Bt
-[_.. ™ 82583 o SN 82583 €o—0
=+ 5, S; S Sg Sy Sy Se Sy
Ay By A Ag By B, B, Bg Ay Ay Ay Ag By By By By | =
B-2 B-3
c Cin 82583 Cop—0

L L

1ST DECADE 2ND DECADE

Reproduced with permission from Signetics, Sunnyvale, CA 94086.
149



FEATURES

o URTBLOW Vo8 « v e veeeenieiie e 10,V
o Ultra-low Vog Drift ... init 0.2uVI°C
Lo UlliaStsbleveTime . .. ... ... 0.2,ViMonth
o Ultra-Low Noise .. ... e 0.35:Vpp
« No Externa! Components Required ’

+ Replaces Chopper Amps at Lower Cost

+ Single-Chip Monolithic Construction

o Large Input Vollage Range ................. =14.0V
o Wide Supply Voltage Range ........... +3Vio =18V

o Fits 725, 1GBA/308A, 741, AD510 Sockets

GENERAL DESCRIPTION

The OP-07 Series represents a breakthrough in monolithic
sperational amplifier performance — Vg of 10uV, TCVps of
8.2,:VI°C and long-term stability of 0.2.V/month are achieved
by a low-noise. chopper-less bipolar input transistor amplifier
circuit. Complete elimination of externai components for off-
set nulling, frequency compensation and device protection
peimits extreme miniaturization and optimization of system
vear-Time-Between-Failure Rates in high-performance aero-
space/defense and industrial applications. Excellent device
interchangeability provides reduced system assembly time
and eliminates field recalibrations.

True differential inputs with wide input voltage range and
cutstanding common mode rejection provide maximum flex-
ivility and_periormance in high-noise environments and non-
inverting arniications. Low bias currents and extremely-high
input impedances are maintained over the entire temperature
range.

The OP-07 provides unparalleled performance for fow noise,

oP-07

ULTRA-LOW OFFSET VOLTAGE

GPERATIONAL AMPLIFIER

for725,108A/308A", and OP-05 amplifiers; 741-types may be
directly replaced by removing the 741's nulling potentiometer.
*T0Q-92 package only. For Matched Dual see OP-207,

PIN CONNECTIONS & ORDERING INFORMATICN

2 Vos TRIM
vos TRiM 1 7V
T0O-99 (J-Suffix)
-IN2 sour ORDER:; OP-07AJ OP-07CJ
OP-07J OP-07DJ
! "N 3 s OP-07EJ

4 V- (CASE)
14-PIN DIP (Y-Suffix)*
| ORDER: OP-07AY
! OP-07Y
OP-O7EY
OP.07CY

“Not recommended for new designs.

i .
j vos TRML :‘js TMMEPOXY B MINI-DIP (P-Suffix)
TS a= ORDER: OP-07CP
S (s jout
e o OP-O7EP
OP-07DP
8-PIN DIP (Z-Suffix)
ORDER: OP-07AZ Vo™ (23 Vos TR
OP-072 = O e
OP-07EZ " h Hour
OP-G7CZ vl ]

Military Temperature Range Devices with
MIL-STD-883 Class B Processing

high-accuracy amplification of very low-level signals in ORDER: OP07AJ/883 OP0O7AZ/BB3 OPQ7Y/883
transducer applications. Devices are available in chip form OPO7AY/883 OP07J/883 OP072/883
foruse in hybrid circuitry. The OP-07 is a direct replacement
SIMPLIFIED SCHEMATIC
o _ - : .
oTe ; gaz‘ {OPTIONAL NULL) %azs I i ‘ J
537 anb R2B aRe o A T Q 1 "
FLECTRONICALLY : §R|A gma . 1 i i
EDJUSTED ON CHIP . \ : . i
PNy ' : ] | -~
OFPSET VoL TAGE : J’r<°" — Q’ﬁ\"‘ } [
: o7 ) hvd- I I —F o o, mz}———oi | L I
o= @ o o i : ; .
?ﬁ"{mms 84 ~ i ! Non T | EHOW ate e
INSYT > ——————— o | ! RS |
Xon Hon ; Fa s az
Hoz Ko ° i p——— o
g +e  For e " e
i i RE
« 6) © Xon Q { %Rl
—— 4 " :

V- o

PINQUTS FOR J, 2 AND P PACKAGES.
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OP.07 ULTRA-LOW OFFSET VOLTAGE OP AMPLIFIER

ABSOLUTE MAXIMUM RATINGS
Supply VOREGR « oot *22V NOTES: ‘ _
Internal Power Dissipation (Note 1) 500mwW 1. Maximum Package Power Disgipation vs. ambient temperature.
Ditferential Input Voltage . ................. ... *=30V Maximum Ambient Derate Above Maximum
Input Voltage (NOte 2) ... ..o, +22V Package Type  Temperature for Raling Ambient Temperature
Output S:ort Circuit D;ration ............ - |nde1ini°tce; 1098 () 80°C 7 1mWIC
Storagg emperature Range ........ -65°C to +150 DualinLing () 100°C TOOmWIC
Operating Temperature Range —— - -
Or-OTR OP-0T _85t0 +125°C Mini-Dip (P) 36°C 5.6mWi*C
LVOP-U7 o
OP-07E, OP-07C, OP-07D ............. 0°Cto +70°C B-Pin Hermetic reec
Lead Temperature Range (Soldering, 60 sec.) .. ... 300°C Dip @ 5 6.7mwi"C
ELECTRICAL CHARACTERISTICS at vg = =15V, T, = = 25°C, unless otherwise noted.
OP-07A OP-07
PARAMETER SYMBOL CONDITIONS MIN  TYP MAX MIN  TYP MAX UNITS
input Ofisetf Voltage Vos (Note 1) - '10 25 -— 30 75 mn
Long Term Input Oftset Voo Ti
Note 2 - 02 1. — . 1. VIM
Voltage Stability SVog/Time  (Note 2) 0 02 0 uviMo
input Offset Current log - 03 20 ~ 0.4 2.8 nA
input Bias Current g = =7 =20 ~ =10 =30 nA_
Input Noise Voltage €np.p (NOte 3i 0.1Hz 10 10H2 — 035 06 — 035 0.6 op
o= 10H2 — 103 180 ~ 103 180

Input Noise Voltage ‘Densny en (Note 3) fo= 100Hz - 100 130 ~ 100 1130 NV, Hz
15 = 1000H2 — 96 110 - 86 10

tnput Noise Current inp.p (NOte 31 0.1Hz tc 10H2 - 14 30 - 14 30 PA L
fo=10H2z — 032 o080 — 032 o080 .

Input Noise Current Density in (Note 3)  {g=100Hz - 014 023 -~ 014 023 pA\ Mz
fo = 1000Hz - 012 037 ~ 012 017

input Resistance —

Ditfarential Mode Rin o &0 - 0 s - Ma
Inpu! Resistance — )

Common Made Fincu - 2 - - w0 - Go
Input Voltge Range IVR *13.0 =140 — =130 =140 —_ v
Common Mode Rejection Ratio CMRR TVem= 213V 110 126 - 110 126 — dB
Power Supply Rejection Ratio PSRR Vg =3V to =18V 100 110 - 00 110 - B

R 22k Vg = 210V 3C0 500 - 200 500 -
targe Signat Voitage Gain Avo R 25000 Vg = =.5V 150 500 _ 150 500 _ Vimv
Vg= =3V
Ry 2 10k =125 +130 - 2125 =130 -
Maximum Output Voltage Swing Vo R,z 2k =120 =128 - =120 =128 - vV
R = 1kQ =105 =120 - =105 =120 -
Stewing Rate SR R = .32kﬂ (Note 3) 0.1 0.2 - 0.1 0.2 - Viis
.C!osed Loop Bangwidtn - Bw AycL = +1.0 {MNote ) c.4 0.6 _— 04 06 - " MH2
Open Looo Gulput Resistance Ay Vo=0,1=0 - 60 - -~ 60 - Q
. V= 215V - 5 120 - 75 120
Power Cansumpticn Py Vo= 23V — .4 P - 4 6 W
Offset Adjustment Range Rg = 20k — =4 — —_ =4 - myv

NOTES:

1. Input offset voltage measurements are performed by automated test
equipment approximately 0.5 seconds after application of power.

2. Long Term Input Offset Voltage Stability reters to the averaged trend
line of Vg vs. Time over exiended pefiods afler the first 30 days of

operation. Excluding fhe initial hour of operation. changes in Vgg duting
the first 30 operating days are typically 2.5,V — refer to typical perfor-
mance curve on Page 5. Parameter is not 100°¢ tested: 90% of units
meet this specilication.

3. Parameter is not 100% tested: 80% of units meet this specification.

Reproduced with permission from Precision

95050.
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OP-07 ULTRA-LOW OFFSET VOLTAGE OPERATIONAL AMPLIFIER

gLECTRICAL CHARACTERISTICS at vg= 215V, —55°C<T, < +125°C, unless otherwise noted.

e
OP-C7TA oP-07
PLRAMETER . SYMBOL CONDITIONS MIN  TYP MAX MIN  TYP MAX UNITS
.=t Ot'set Voltage Vos (Note 1) ~ 25 &0 - 60 200 nY
.2-aze Input Offset Voltage Tev ) _ _
Dq’ simact External Trim CVos (Note 3) 02 06 03 13 WG
viem Evternal Trim TCVps- R = 20k - 02 06 - 03 13
¢iset Current los - €8 40 - 12 58 nA
s irput Oftset Current 70 (Note 3) - 5 2 - 8 50 PA*C
on
:-cut Bias Current lg = 210 =40 ~ 220 =260 nA
“virage Input Bias Current Drift TClg - 8 25 - 13 50 pAI<C
Tzt Votiage Range VR £130 2135  —~ 2130 2125 - v
—c:-r.mon Mode Rejection Ratio  CMRR Vem= =13V 106 123 - 106 123 - dB
T55ser Supoly Rejection Ratio  PSRR Vg= =3V 1o =18V % 106 — 9 106 — ey
ia-u_;‘.- Signal Voliage Gain Avo Rz 2K Vg = =0V 20C 400 - 150 400 - vimv
_';!;x|r.1'7\ Output Voliage Swing Vo Ry z 2k} =120 =126 - =120 =126 - v
TYPICAL OFFSET VOLTAGE TEST CIRCUIT TYPICAL LOW FREQUENCY NOISE TEST CIRCUIT
20062
AAA 1000 2
500 10002 R ouTPUT
r—Wv My .
- \.F
0P.07A —— Ovo I X
2.5mM1y
’—" Vos"v% = = (=10H2 FILYER)
4 INPUT REFERRED NOISE = i;%oo' SR« 200nv.om
- *
OPTIONAL OFFSET NULLING CIRCUIT BURN-IN CIRCUIT

!
|
|
|

1
1
]
|

|
i
|
[
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OP-07 ULTRA-LOW OFFSET VOLTAGE OPERATIONAL AMPLIFIER

ELECTRICAL CHARACTERISTICS at Vg = = 15V. T, = 25°C. unless otherwise noted.

1.

2.

Input offset voltege measurements are performed by aviomated test
eguipment approximate!y 0.5 seconds after application of power.
Long Term Input Otffset Voltage Stability refers to the averaged trend

line of Vg vs. Time over extended periods after the first 30 days of

OP-07E OP-.07C OP-07D
PARAMETER SYMBOL CONDITIONS MIN TYP  MAX MIN TYP  MAX MIN TYP MAX UNITS
input Offset
V, N 1 - 30 75 - 60 1 - 60 150 Vv
Voltage 0s fNote ) . 50 *
L°f'§b;‘i-’('y'“ Yos  vogTime (Note 2) - 03 15 - 04 20 - 05 30 §ViMo
=
input Ottset - — —_
et los 05 38 08 60 08 60 nA
Input Bias Current g — =12 =40 — =18 =270 — 220 =12 nA
input Noise 0.1Hz 10 10Hz _ _ 0 _ v
Vottage €0 (Note 3 035 08 038 065 038 065 Wop
to =10Hz - 103 180 — 105 200 — 105 200
frput Noise o ore 5, fe = 100MZ — 10 130 — 102 13 — 103 12% AT
Voliage Density
fo=1000H2 - 86 10 — . %8 115 — 98 15
" Input Noise . 0.1Hz 10 108z _ - _ A
Current oo {Note 3 “ %0 5 3 1 3% PPep
fo= 10Kz — 032 080 — 035 090 — 035 0%
Input Noise (e 3 fo = 100H2 - o4 02 - 015 027 - 015 027 pAI T2
Current Density
lo = 1000Hz — o012 o1 — 013 018 — 013 018
tnpul Resistance — 15 - 8 23 _ 7 2 _ My
Ditterential Mode "M %0
Input Resistance — — , - - 3 — _ 120 _ Gn
Common Moge  TINCM & %
Input Voltage Range IVR +13.0 =140 - =13.0 214.0 - =130 =140 —_ v
Common Mode
CMAR Veu= =13V 106 123 - 100 120 - 94 110 - d8
Rejectior Ratio A M= . z
Power Supply psrRA  Vs= =3V 8¢ 107 — % 14— %0 104 - B
Rejection Ratio s 1o =18V 0
R z2k,
-~ 1 400 - 120 400 -
Yoz 2100 200 500 20
Large Signat A R, 25000 150 500 - 00 400 - _ _ — Vimv
Vollage Gain vo Vo= = 5V
Vg= 23V 150 500 @~ 100 400  — - - -
) ) R, = 10kg 2125 =130 -~ 2120 2130 - 120 =130 - v
Maximum Voltage .
Voitage Swing VoM Ry 22k0 =120 =128 - +11.5 =128 - =115 2128 - v
Ry = 1kQ =105 =120 - — =120 - - - — v
Slewing Rate SR R z2kQ(Note3) o 01 0.2 - 0.1 0.2 - 0.1 0.2 —_ Vius
Closed Loop Bw Avgy = +10 04 08 -~ 04 06 - 04 08 — MH2
Bandwidth (Note 3) .
Open Loop Output Vas - _ _ _ 50 _ _ 69 - a
Resistance Ro 0=0.10=0 & . ’
Power o Vg= 215V - 75 120 —" 80 150 - 80 150 W
Consumption ¢ Vg= 23V - 4 6 - 4 8 - 4 8
Offset Adjustment - R = 20k0 _ 24 - — -4 - _ 24 — mv
" Range 4 :
NOTES:

operation. Excluding the initial hour of operation. changes in Vgg during
the first 30 operating days are typicatly 2.5,V — reler to typical perfor-
mance curve on Page 5. Parameter is not 100% tested; 90% of units

meet this specification. «

3. Parameter is not 100% tested; 90% of units meet this specification.

Keproduced with permission from Precision Monolithics, Inc., Santa Clara, CA
95050.

153



OP-07 ULTRA-LOW OFFSET VOLTAGE OPERATIONAL AMPLIFIER

ELECTRICAL CHARACTERISTICS at vg= =15V, 0°C =T, = +70°C, uniess otherwise noted.

am——

OP-07E OP-07C ' OP-07D
2aRAMETER SYMBOL CONDITIONS MIN TYP  MAX MIN TYP  MAX MIN TYP MAX UNITS
tnput Ctiset Vos (Note 1) - & 130 — 85 250 - 85 250 Y
Voitage
“zverage input Off-
set Voitage Drift
vinnout External Tev, {Note 3) (Note 3}
Tam os - 03 1.3 - 05 1.8 - 0.7 25 wviI*c
with External TCVan. R. - 03 1.3 - 04 16 - 0.7 2.5 AN
Trim "CVosn Ry =20K0 {Note 3) (Note 3)
input Offset los -~ 08 53 ~ 18 80 ~ 186 80 nA
Current
Avetage input Off- 5 Note 3 - 8 35 -~ 12 5 -~ 12 s arec
set Current Drift 0s (Note 3) p ~
: taput Rias Current Iy - %15 255 — 222 =90 -~ =30 =14 nA E
= (=]
Avesage Inpul Bias 5 Note 3 - 1 % - B 50 ~ 18 50 AI*C
Cureéht Drift 8 f ) P ;’
]
":’“‘g‘f““e VR £130 2135  — 2130 =135  — 2130 =135  — v T
an N -—
-
Commondode  cygg  yo = 213V 03 123 - 97 120 - %4 106 - B
Rejection Ratio . 1 . <
PowerSubply  peap  youaavio 18V 80 104 — 8 10 - 8 100 — . Z
Rejection Ratic z
targe Signal R 22k2, _ _ . _ =]
Voitage Gain Avo Vo= =10V 180 450 100 400 ' ) 100 400 vimv ;
Maximum Outout R 5ok £120 2126 - =110 2126  — 110 2126 - v =
Voltage Swing [
(=]
NOTES: operation. Exciuding the initiai hour of operation, changes in Vog during
1. tnput offset voltage measurerments are performed by automated test the first 30 operating days are typically 2.5,V — refer to typical perfor-
equipment approximateiy 0.5 seconds atter application of power. mance curve on Page 5. Parameter is not 100% tested; 90% of units
2 Long Term Input Oftset Voltage Stability refers to the averaged trend meet this specification.
line of Vog vs. Time over extended periods after the tirst 30 days of 3. Parameter is not 100% tested; 90% of units meet this specification.

TYPICAL PERFORMANCE CURVES

UNTRIMMED OFFSET VOLTAGE TRIMMED OFFSET VOLTAGE OFFSET VOLTAGE STABILITY
vs TEMPERATURE vs TEMPERATURE vs TIME
-5 : T / ] - k. ——r - T % — J
3 75 b Vg isvV —'————-]y/omn: R 2 :Sf:l::‘r;?-’?ou;“v aTec l 12 !
g | meswon / M i < 1
< O 7 g . orora | ! 2 6.3, Vimo, I o
3 / = 2 opo7E TiC / i w Y TRENDULINE ,w"wj
g § 20 é TR 02 Vimo TREND LINE
Yo ' : 7. [ z ¢ [ADEQ3 VimoTREND LINES 2 Vimo,
5 N oror o7 1 g E, +M
M : e & | (03 vimo TREND LINE] ot
4 \ /<O : 8 £, e “_'T:-‘_!K%E% LINE
;u - R §w 2 i w;-—\.\_.
> 7 g < =
£ ™~ h‘]“%u ] g g }l
i < T i_ 3 -12 : +—
o { SR A N 5 ° e it [
-0 ° ® 100 12 34 86 6 78 90N
TEMPERATURE [C} TEMPERATURE C) TIME-MONTHS
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OP-07 ULTRA-LOW OFFSET VOLTAGE OPERATIONAL AMPLIFIER

TYPICAL PERFORMANCE CURVES

OPEN LOOP GAIN vs

TEMPERATURE
1000 T : T
— vls 15v —
5™
3 ;
z ;
Z w00 :
S ) P
e
Bl — -
¥ |
200
°
80 ° [*) 100

TEMPERATURE (*C)

MAXIMUM ERROR vs
SOURCE RESISTANCE

10

3 Ta-2'C

= vg e 218V

io,o -

z ororC

o

-

Sos

4

& .

& oro7E

£ /
[

g or07

w :

3 o OF 074

o 10 0 100
MATCHED OR UNMATCHED SOURCE MESISTANCE {kf2}

INPUT BIAS CURRENT vs
DIFFERENTIAL INPUT VOLTAGE

x -30

T T
AT .VDIFF 1 1.0V,1 1g . & 2nA (OP-O7A}
< InA 1OPOT) T
< InA (OPOTCH

; Tas28C _|

{ ; : |

-0 -2 20 0o 0 »
DIFFERENTIAL INPUT VALUE

i -
;f: I ! | i '”g
3 10 _ 4 -
i A &
: .0 ' ;3
; : ; // | } i
£.v A : LI P
£ it B
g’” L ) ] v!;-nsv‘— L g

OFFSET VOLTAGE CHANGE DUE

s TO THERMAL SHOCK
2 T T
§ - vge :I|5v -
]
s :
an Ta=25C Tas20'C
5 S T
15 .
E 1 e~ !
z i $49CK
é 1] ] Eisn?,&""f -+
g /1 §
s O ——
g @ © 2 & & 0 100
TIME [SECONDS!
MAXIMUM ERROR vs
SOURCE RESISTANCE
i 1.0 , |
g 08 ;:s-cusJ e
2
e
S os
g //
E 04 /
- //
5 N
1., 1 -
H | e
: OP-07TA {
H v |
o !

1’3 10 1w 100
MATCHED OR UNMATCHED SQURCE RESISTANCE (kfl)

INPUT BIAS CURRENT vs
TEMPERATURE

. T

|
vge 15V i :

INPUT BIAS CURRENT {nA)
~

W
\\

-80 ° L 100
TEMPERATUAE (*C)

WARM-UP DRIFT

= i L
g | o
2 Tas25C H .
5 20 — Vst 115V H :
s | . i :
o | : ! ;
3 | P i X
11 :

-] ' ;
(3 : ie
g 0PO7C 1 op.07E
S

z ;

§ - :
£ - LN N
] oF-074 opo7
4 1 1
3

Z . ||
2

[ 1 2 3 ) 5

TIME AFTER POWER SUPPLY TURN ON — MINUTES

MAXIMUM ERROR vs
SOURCE RESISTANCE

T
0CecT<0C
Ve 115V

|
]
_/
//
,y—zﬁ’_f_”/f;//
| —

01 10 10 100
MATCHED OR UNMATCHED SOURCE RESISTANCE (k1)

MAXIMUM EAROR REFERARED TO INPUT (mV)

INPUT OFFSET CURRENT vs !

TEMPERATURE
a5 T ]

Vg =18V ‘
3 :
: !
g8
8 ! \ormc j
- (2. !
E 0 s.\ r N ‘r

N ———
E o W\\\l or.07E
or07A Y \—/ /
L LLd
) ° ") 100

TEMPERATURE {"C)
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OP-07 ULTRA-LOW OFFSET VOLTAGE OPERATIONAL AMPLIFIER

TYPICAL PERFORMANCE CURVES
./ INPUT WIDEBAND NOISE vs

TOTAL INPUT NOISE VOLTAGE BANDWIDTH (0.1Hz TO
oP-07 LOW FREQUENCY NOISE vs FREQUENCY FREQUENCY INDICATED) 3
: 100 e R - 200k i * : t;ﬁ E
THERMAL NOISE OF SOURCE T V"““’ : : T
= i _nnzsc = e h
3 s R
2w s i Yl 3
g = 1 ; l|' 2
5 8 A
2 g I,Z : §
= A S R e
2 10— T 7 ):l' A'
E ; i AR !'h:: o 250 3
= F vges1sv : //!! i i .
| Ta=2s'c =T i ' c
woli! L ar b ! i ! e
:SEE NOISE TEST CIRCUIT) o 0 100 1000 ot 10 [ w ©
FREQUENCY (Mz} BANDWIDTH (kMz) Y
o ,
u
a
OPEN LOOP GAIN vs E i
CMRR vs FREQUENCY PSRR vs FREQUENCY - POWER SUPPLY VOLTAGE - E
1% T T T " T 1 . i
| lll-"zls‘c i | ra- e ]
w or-arc’ ) 1‘5 ! w00 ] v
U e ol <
110 T ™ ;| § ; e i
i T e o g i 000 — H
. n F H A ¢
i, - i ] 3 i ?
< T - =
i z ‘ :
® 3 [ i
Aoy 200
" oo ::I!"" Rt
ot i i ol MY 0 |
10 10 100 & 10k 100k ] 6 110 118 120 -
FREQUENCY (H2) FREQUENCY (Hz) POWER SUPPLY VOLTAGE (VOLTS) i
OPEN LOOP CLOSED LOOP RESPONSE FOR MAXIMUM UNDISTORTED T
FREQUENCY RESPONSE VARIOUS GAIN CONFIGURATIONS OUTPUT vs FREQUENCY
20 T 100 a7 ] T T
. s A T LT
- " S I 1 A
: - | R e i e
F z Y § d N
< E % 1 ; NS [REER
M g @ — t ‘ [ I
g § w 12 - T T a1
: Z 2 £ IERELE W I 3
5 o £ ~ [ m AL SR '
R TN T
0 . — “'
S
- - ° i ; .
61 1 10 100 1k 10k 100k M oM nw 100 W Wk 100k M loM 1 " 100 1000 ﬁ
FREQUENCY (Hz) FREQUENCY (H1) FREQUENCY (kiz)
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OP-07 ULTRA-LOW OFFSET VOLTAGE OPERATIONAL AMPLIFIER

TYPICAL PERFORMANCE CURVES

CUTPUT VOLTAGE vs PCWER CONSUMPTION OUTPUT SHORT-CIRCUIT
LOAD RESISTANCE vs POWER SUFPLY CURRENT vs TIME

35 - —

N - F———— EEErlaer L LU R

Lotaseasc il Lol TaseavCiom T 2 i
Vg 15V I it - .
Vine 0wy

POSITIVE SWINS 3 1 V)N (PIN 3) 5 —10mV, Vg = <15V

2. VIN (PIN 3) = +10mV, Vg = -15V

N Yo
N

NEGATIVE SWING

OUTPLT SWING {VOLTS)
-
a

Cvgs sy :
A ; 7 : : r__’n\-'zsc S N SR
L T : : — . .
L [ P sl l 1
» ° ) « ®© o 1 2 3 P
LOAD RESISTOR TO GROUND («Q) TOTAL SUPPLY VOLTAGE, Ve TO v~ IVOLTS! TIME FROM OUTPUT BEING SHORTED (MINUTES

POWER DISSIPATION (mV?
OUTPUT SHORT CIRCUIT CURRENT (mA}

TYPICAL APPLICATIONS

HIGH SPEED, LOW Vos COMPOSITE AMPLIFIER ADJUSTMENT-FREE PRECISION SUMMING AMPLIFIER
r

RS
2.5x5)

=18V

HIGH STABILITY THERMOCOUPLE AMPLIFIER PRECIS!ON ABSOLUTE VALUE CIRCUIT

W VWA—

SENSING
ANCTION

L3}
B 1080

REFERENCE
JUNCTION

=10V

B B K B B B R B A B om OB N .‘L_%E>L__J
|

AAA,
VWA
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OP-07 ULTRA.LOW OFFSET VOLTAGE OPERATIONAL AMPLIFIER

APPLICATIONS INFORMATION maintained at the same temperature, preferably close to the
OP-07 Series units may be fitted directly to 725, 108A/308A° temperature of the device's package.
- and OP-05 sockets with or without removal of external com-
pensation or nulling components. Additionally, OP-07 may
be fitted to unnulied 741-type sockets; however if conven- DICE DIMENSIONS

tional 741 nulling circuitry is in use, it should be modified or

iemoved to enable proper OP-07 operation. OP-07 offset L 100'MILS |
voitage may be nulled to zero (or other desired setting) N a T
inrough use of a potentiometer (see diagram). "C. N m o /f'!‘gw/", ‘
The OP-07 provides stable operation with load capacitance -‘Nc e wi Y |
up to 500pF and =10V swings;larger capacitances should il R
be decoupled with 509 decoupling resistor. The designer is w I
cavtioned that stray thermoelectric voltages generated by Ll \v- ! '
dissimilar metals at the contracts to the input terminals can [ [ i
prevent realization of the drift performance indicated. Best

operation will be obtained when both input contacts are

Reproduced with permission from Precision Monolithics, Inc., Santa Clara, CA
95050.
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PHOTOMULTIPLIER POWER SUPPLY TYPE PMSB 2-025~1

SPECIFICATION
OUTPUT:
Voltage: 300V DC to 2000V DC variable with input voltage.
Load: 80M ohms Min,
Ripple: Less than 3V p/p at 1800V ocutput and 180M load

Capacity: Less than ,002 mfd
Momentary Short Circuit Protected
Output isolated 2500V to input ground

INPUT:
Voltage: (a) Approx. 3V tolOV DC for required output voltage.
(b)With fixed output load 180M ohms input voltage
shall be less than 8V and input current less than
12 .~ 2 for 1800V output.
(c) Reverse polarity protected
ENVIRONMENTAL:

Operating temperature =10°C to 40°C
Temperature coefficient less than +.02%/0C

CONFIGURATION:
As Drawing Al0740 Sheet 1

Reproduced with permission from Del Electronics Corporation, Mt. Vernon, NY
10550.
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15 Watts of Regulated Power
High efficiency +15V, +5V

From a Single Module

That Accepts an Input From 6.5V to 40VDC

(6.5V - 40VDC) INPUT
TRIPLE OUTPUT

DC/DC CONVERTER
POWER SUPPLY 70

15 WATTS

The Stevens-Arnold Wide Range Input

Triple Output DC to DC Converter advan-

ces the art by joining two well accepted
power processing concepts. packaged in a
single module for PCB mounting.

The Input voltage is applied directly toa

step-down Switching Regulator. This con-

verts the 6.5V to 40 volt DC Input 10 a
Well Regulated (0.5% line. 0.2% load)

Low Noise (40 mV p-p) § volts DC Qut-

put. This Qutput is nor Isolated from the

Input voltage since they must share com-

mon negative returns.

Within the module the S volts is addition-
ally filtered and used to power a Fully lso-

lated DC to DC Converter of the Low
Noise, High Efficiency design employed in

our popular Series A Iso-Pak Converters.

This delivers an extremely Well Regulated
(0.01% typical) £15 volts DC (or 21 2) com
pletely Isolated from the Input and the 5
volt Output.

The result is a Single Module which can

operate with virtually constant power Effi-

ciency (68 to 73%) over and anywhere

‘within the entire Input voltage range of

6.5V 10 40 volts DC. In addition, the High
Efficiency produces a very Low Operating

Case Temperature rise of 20°C thus im-

proving the reliability of the module.

Operating Considerations

(CL) Capacitive Load Limits The 5VDC
digital Output (sw. reg.) can be damaged
or even destroyed if the Regulator sees a
true effective Capacitive load greater than
100 uF.

Reproduced with permission from Stevens-Arnold, Inc.,

8 WATTS cov O

£ SDLICASE Senfil

-

15V
$165mA

5V
2A

Figure 1. Block Diagram

(RRin)Reflected Input Ripple Noise Cur-
rent  Switching Regulators normally ex-
hibit Input Current Pulses equal in mugni-
tude to the Load Current. We huve prepar-
ed an Application Note “Filtering Switch-

ing Regulators™ which discusses a number
of filtering techniques. An accessory hiput
Filter module. to be inserted between the
Input source and the power Module, is
available.

Fault Mode When the S5VDC Single Out-

put is short circuited the Dual Output will
also shut dowaq.

Source Impedance The WC Series should

be powered from a Source having a suffic-

iently Low Impedance to hold the voltage
at the Input Terminals below 1 Volt p-p
at 10KHz or above.

Ry
S POWER EFFICIENCY

.4 POWER EEFICIENCY = 22 X 100 ve. £,
L "
e,

1 ’4——-— INPUT OPERATING RANGE ——.1
I

" \ SISV INLISV. 24 By - 10W
v

ISV 2165mA SV 2a Py thw

POWEREIEIDENEY o

S5V CHAMACSVINU Po - Sw
'

1
| NOMINAL INPUT

58 —— r

En - VDC

Figure 2. Typical Performan: : Curves

— 1 r T
° 5 02 0 ° “ Y

FEATURES

ONE MODEL for any DC Input Seurce from
from 6.5V t0 40VDC

LOW COST

+ 15 wattoutput $114.00 (1-9)

8 watt output $89.00 (1-9)

SHORT CIRCUIT PROTECTION AND
O.V.P. (5V]

HIGH EFFICIENCY 70%

LOW SURFACE TEMPERATURE RISE

* FL Case Temp. Rise at 12V Nominal Input:
+20°C

ISOLATION

+ Input to Dual Output: 1 X 10" ohms
500VDC min.

+ Input to Single Qutput: None

EMI/RFE SHIELDING

+ Transformer is Double Shielded

+ Case is shielded 6 sides {continous)

LOW WIDEBAND NOISE (BW = 20 MHz)
1 mV true RMS - 40 mV p-p

APPLICATIONS

U.P.S. (UNINTERRUPTABLE POWER SUPPLIES)
+ Increases "Backup Power”
operating time significantly
+ High Efficiency: 70%
PORTABLE OR MCBILE SYSTEMS AND
INSTRUMENTS
+ Extends the voliage-usable range of
Low Cost dry celis
« Extends the Voltage-usable range of
12 VDC Rechargeable celis and reduces
the Charge Duty Cycle
GENERAL
* Provides 0.1% Regulation from a 6.5V
to 40VDC Battery Input
+ Provides P.C. Board point-of-load Reg-
ulation from an Unregulated main system
Supply

South Boston, MA (02127.



SPECIFICATIONS ©

INPUT
Voltage . ... ...y 12.0 Voits DC
Range .. ..................... 6.5 to 40 Volts DC
Grounding . ... ........ ... ..... Minus Input to Case

SINGLE QUTPUT

Voltage . . ..................... +5 Volts DC
Setting ACCUFaCY . . . - . -« oo vt ah s +1% Max, at FL
Maximum Current (8 Watt Model) ... .. 1.0 Amperes
(15 Watt Model}. . . . . 2.0 Amperes
Rippleand Noise ® ............. 5mV RMS, 40 mV p-p (5Hz — 20MHz)
Line Regulation (Full Range) . . .. +).5% Max.
Load Regulation +0.2% Max.
Temperature Coefficient . ... ....... *0.02%/ °C Max.

Short Circuit Protection ©
Over Voltage Protection

Qutput to Common
Standard: +6.8 VGC

Voltage Stability ............... +0.05%/24 Hours
Switching Frequency . ............ 14kHz to 40 kHz
Isolation .. ............ ... None: Output Common to minus Input

DUAL OUTPUT (+15 VDC)

Voltage . ............ouuvuvnnnn +15 Volts DC {Tracking)
Setting Accuracy (#+15 V) .. ... ... ... +1% Max. @ FL
Balance (-=15V) ................. *+1% Max.
Maximum Current (8 Watt Model) . . . .. +100 mA
(15 Watt Model) . . . . . +165 mA

Ripple and Noise (Either Output) @

Line Regulation (Either Output). . ... ..
Load Regulation
Temperature Coefficient (Either Output) .
Short Circuit Protection
Voltage Stability

1 mV RMS, 40 mV p-p {(5Hz — 20MHz)
+0.1% Max.

+0.1% Max.

+0.01%/°C Max.

Either Output to Common

+0.05%/24 Hours

Switching Frequency >20 kHz
COMMON SPECIFICATIONS

Cooling .. .......... ... ......... Convection

Derating. . ... ....oovvnnnnnns None Required

Tempetature Rise on Case (8 Watt Model).
(15 Watt Model) .

+25°C at FL at 12V Input
+20°Cat FL at 12V Input

Operating Temperature Range O M C 10 +71°C Ambient

Storage Temperature Range . -55°Cto +125°C

Efficiency .. ............ See Table

Isolation . .................... >10° Ohms at 500 VDC Between Input and
Dual Output. No Isolation from input to
Single Qutput

EMI/RFI Shielding . .............. Unit Fully Metallically Enclosed (6 sides},

Transformer Double Shielded

NOTE: UNLESS OTHERWISE SPECIFIED

© Al specifications are typicat @ +25°C and 12 VDC nominal input

®  AN-1"DC/DC Converter Noise Measurements” Dan Sheehan

@  (RRin} Reflected Input Ripple Current: See AN-5: “Filtering Switching Regulators”

& 5VUC Output Fault Mode will also shutgown *i5V Output

@ Al Specifications and Prices are subject 1o change without notice

EFFICIENCY | NOMINAL I;, (Avg)
INPUT VOLTAGE 8 WATT MODEL 15 WATT MODEL | 8 WATYT MODEL 15 WATT MODEL
7.0 vDC 67% 72% | 17 A 298 A
12.0vDC 65% 1% [ 1.02 A 1.76 A
240 vDC 64% 70% 52 A 089 A"
8.0 VDC 63% 69% | 045A 0.78 A
40.0 VvDC 62% 68% ] 032A 0.55 A
MODELS

Alt models have Triple Outputs consisting of 1 Dual Output (either £15 V or 212 V)
plus 1 Single Output. Other combinations are availabte on Special Order. The Single
Output is always & volts, 2 Amp. in th: U Package and 1 Amp. in the X Package,

TYPICAL ORDERING SPECIFICATION
WC (7-40) T15/165 U

Catatog No. SF-613 Cable Address Stearco

PRICES
fnput Number Dual Dual
Spec Voltage of Output Output Price
Series Range Outputs  Voltage Current (mA} Pkg 1.9}
wC (7-30} T 15 165 v $114.00
wC (7-40) T 12 165 U 114.00
wC {7-401 T 15 100 X 99.00
wC {7-40) T 12 100 X 99.00
Reproduced with permission from
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INDUSTRIAL ISO-PAK M X PACKAGE

{X2 WITH TABS)

TOLERANCE X XX *0020" X XXX 0 005
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Figure 4. 15 Watt Mode!

8CTTOM viEw
TowaRD Ping

|
|

Coes Watenal Loy tRzrmpt wagennt masat
Pins 0040 ciameter galo plated hardenea brasy
Musdsr Non canducting seating surface Reintorcec G 10 epony tamimats
Woight X Package 120z max 380 grams max
U Pachage 24 02 mex 680 grams man
Optional Tabe Oroer X2 case o U2 case $200 (1 9
Mating Socket Order MS X $4 00 net any auantiry
individual 0 040" Socket for 1 167 PC bg Order 1MS 040
Price $0.25 ea. net any quantity

WARRANTY We warrant our products and parts to be
free of detects of materials and workmanship for one year
from the date of shipment Our habihity under this war-
ranty 15 hmited to exchanging, repaifing or ssuing credht
fob our factory, at our option, for any products or
parts justifiably returned by the customer. We assume no
responsibiity for consequential damages of any nature
ALL OTHER WARRANTIES EXPRESSED OR IMPLIED,
INCLUDING WARRANTIES FOR FITNESS FOR ANY
PARTICULAR PURPOSE AND MERCHANTABILITY,
ARE EXCLUDED

canl

s 1 ' e

The Super Isolation People

7 Elkins Street, South Be- Mass. 02127
TEL: 617-26¢

Printed in U.S.A.

Stevens-Arnold, Inc., South Boston, MA 02127.
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APPENDIX E
SYSTEM-TIMING ILLUSTRATIONS

The illustrations in this appendix show the data and clock-timing rela-
tionships in the HEC-100 (HLNCC) in both real-time and idealized form. Figures
E-1 and -2 show overall data timing; Fig. E-3 shows coincidence gate timing;
Figs. E-4, -5, and -6 illustrate events in the coincidence summation circuitry
with varying inputs; and Fig. E-7 illustrates clock-timing relationships.
Figures E-1, -2, and -3 are real-time photographs, whereas Figs. E-4 through
-7 are idealized figures.

Figures E-1 and -2 are photographs obtained with a Tektronix 475 oscillo-
scope, with a 20-MHz bandwidth set, and a C-30 oscilloscope camera. Each
figure's horizontal scale is 100 ns/div. The top trace in both photos was the
synchronization (triggering) signal; the signal is present at test point TA2
whenever there is a signal present at the shift-register input. In this case,
the input was driven at a rate greater than 128 kHz by the Los Alamos RP-501
random-pulse generator. The TAx and TBx designators at the immediate right of
each photo refer to the test points found at the top of the shift-register
board; each designator is followed by a signal label and, parenthetically, the
voltage amplitude of the signal. The two photos are multiple exposures, with
triggering as above, and vertical offsets from trace to trace, with each trace
attenuated, as necessary, to produce a 1-graticule-division (vertical) transi-
tion for the logic levels. The test points and associated subcircuits {source
and destination components) are schematically repfesented on Los Alamos Dwgs.
D200734-1 and -2.

Figure E-3 is a photograph made with the same equipment as was used for
Figs. E-1 and -2, including the signal source. The figure's horizontal scale
is 50 ns/div. The vertical scale is 2 V/div. The oscilloscope trigger was the
top trace (R+A strobe, TB5). The bottom trace reflects logic transitions in
the R+A "1" bit board component location 3C, pin 11 (82583 BCD adder) result-
ing from the interaction of the R+A strobe, latch, and the UP/DOWN counter.
Horizontal sweep rate was 50 ns/div. The photograph was originally taken to
confirm that the circuitry met certain design requirements; namely, that latch-
ing, up-count, and down-count could all be done within one clock cycle and
still meet component setup times conservatively.
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TB4
k185
187

| 182
TA7

Fig. E-1. Data timing

) TA2
’A TA3
| TA4
TAl
| TA6

TAS
TA7

SYNC (5 V)
o1 (12 V)

DELAY DATA IN (5 V)
DELAY DATA OUT (5 V)
R+A (5 V)

A(5V)

UP (5 V)

DOWN (5 V)

No. 1.

SYNC (5 V)

SRCK (12 V)
PREDELAY IN (12 V)
PREDELAY OUT (12 V)
PREDELAY OUT (5 V)
32 us GATE (5 V)

up (5 V)

DOWN (5 V)

Fig. E-2. Data timing No. 2
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Fig. E-3. Coincidence gate timing.
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Figures E-4, -5, and -6 are photographs obtained with a Tektronix 7DO01
logic analyzer (plug-in) module installed in a Tektronix 7603 oscilloscope
mainframe using a C-50 camera. Each figure's horizontal scale is nominally
250 ns/div. The traces are idealized figures, rather than real time; the
signals are available at the test points listed after the signal label with
the exception of the (Sigma) R+A 1 signal, which is sourced at component 3C,
pin 11 (shift-register board). The timing reference is the top trace, SRCK
(Shift-Register Clock) TA3. Triggering was generated by the SYNC OUT (Data
Synchronizer Output) TA2. In Fig. E-4, the input to the shift register was a
manually triggered single-shot pulse and in Figs. E-5 and -6, a manually trig-
gered pulse and (variable) delay pulse pair. The delay pulse in Fig. E-5 was
delayed by less than the predelay setting from the initial pulse, whereas that
of Fig. E~6 was delayed by a time greater than that of the predelay setting.

Figure E-7 illustrates the various clock signals in the HEC-100. The
photograph was taken with the same equipment as that used in Figs. E-4, -5,
and -6; again, these are idealized waveforms rather than real-time representa-
tions. The figure's horizontal scale is nominally 200 ns/div. Triggering was
on the initial positive-going transition of Phase 2; this signal is available
at (shift-register board) component location 8D, pin 11 (Phase 2 1level
shifter). The other signals aside from Phase 1 and SRCK, which are available
at the listed test points, are sourced at the following locations.

CK component location 10D, pin 2

CK 1/2 component location 9D, pin 6

CK 1/2 + 150 ns component location 6D, pin 12

CK 1/2 + 250 ns component location 6D, pin 10

CK 1/2 + 350 ns component location 6D, pin 8
The clock sources are schematically represented on Los Alamos Drawing
D200734-1.
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7DOL TRIG

3

|

SRCK TA3

SYNC OUT TA2
PREDELAY OUT TA6
UP COUNT TB2

Z R+A 1 3C11
R+A STROBE TB5

SRCK TA3

SYNC OUT TA2
PREDELAY OUT TA6
¢ UP COUNT TB2

I R+A 1 3CN
R+A STROBE TBS

¢ | i i -
(U0 S R T LR e———

Fig. E-5.

o0 YRIG

Fig. E-6.

Double pulse input.

*5 4

Double pulse input.

(Delay period less than predelay).

SRCK TA3

SYNC OUT TAZ2
PREDELAY OUT TA6
UP COUNT TB2

L R+A 1 3C11
R+A STROBE TB5

(Delay period greater than predelay).
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Fig. E-7. Clock Timing.
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APPENDIX F
HLNCC SCHEMATIC SET

The schematic sets in these manuals derive from the schematic set docu-
menting the original (prototype) instrument. The title for that set is IAEA
Thermal Neutron Coincidence Counter, Los Alamos Dwg. 68Y155362, sheets DI
through D11. The schematic set was then redrawn and renumbered for publica-
tion2 by EG&G in conjunction with their manufacture of the production proto-
type instrument. A listing of the schematic sets is shown below. The EG&G
drawing set has subsequently been retitled/renumbered by IRT Corporation for
inclusion in their manua13 (issued with the current production instrument).

E200794 Neutron Counter Assembly

D200726 System Cable Interconnect

D200740 Power Distribution

200694 Preamplifier Board Assembly

D200739 HV J-Box and Preamplifier Schematic
C200749 Mother Board Assembly

C200728 Amplifier Board Assembly

D200729 Analog/Discriminator Schematic
€C200735_Shi ft-Register Assembly

D200734 Shi ft-Register Schematic (two sheets)
C200768 Component Platform Assembly

C200742 Microprocessor Assembly

D200741 Microprocessor Schematic (four sheets)
200755 Driver Board Assembly

D200753 Display and Driver Boards Schematic
C200752 Display Board Assembly

C200757 DC/DC Converter Assembly

D200758 DC/DC Converter Schematic

€C200746 High-Voltage Board Assembly

D200747 High-Voltage Board Schematic

C200760 Rectifier Board Assembly

D200733 Neutron Counter Phase II (Two sheets)
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. _ . | ' ) | D200795-00| REAR SuB-PANEL "
| \, 12 @‘ no 'y 1 [€C2007958-00] REA® PANEL 0
| peceLe | I |E2008r000| cAPAC TOR CLAMP R s
NOTES T — ):\\— j\ *t‘ —t‘ — —'v\ — N — @ 1 |BROQICT1-00| TRANS FoRNER EBRACE o a
. [/ | P-wd77 [Pur 7RANsFoRrER 5 TANGR 7
£ ALY LOETTE 20, TAE oW ! ersascose| saco e ey
e T Y S 7 CAPAC/70R (e020/23 GO50CR2D) SPERGU T
SWITCHWES AND COWNECTORS 7 azooava-cﬂckosssﬁuce MOD. (BICKE Y& CHASE15) d +
C-ALL MOTI ERWORRT MOUXTING SCRlw s 7 |C200863-00|LIFT §f SUPPORT MECHANIS M IMOTMER BO#XD
(R WA ARt Yk iy 1 20079500 L.ED_DIsPLAY ASSEmBLy
CRRENERY Q@ | / 10200797 FRONT PAWEL
PART NO. DESCRIPTION
EPRD TO BACK

SURFACE OF FRONT LIST OF MATERIAL
PANEL USING RTV VT, SuT7oN |2, 9/5;'
LU == |é§EB&G LOS ALAMOS DIVISION |A
m'ﬂ PER AS‘WJ Izeu WC_P. G BOX 809, LOJ ALAMOS , NEW MENCO §T544
UMLESS OTHERWISE SPECIFIED -
e TotTa — WNEYTRON COUNTER
T Foo P i As5sY ]
B — T m-—-u-«-‘:‘- IsH sPecs A i3 WO, WO,
ELDS REAOVE LOGRE IEALE @ WATYER b 1 [£200759 o
o syeramy e ]
S g EEDO00) T e ey o e 7 T
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REVISIONS
LTR | zong] DESCRIPTION [pare [aper
D/ISPLAY BOARD
aCH D20O753%
ASSY C.EO07520
|
1
ORIVER BOARD DISC. OUT SR IN DISC OUT 7O FRONT
S5CH. 200753 N EXT ¢ 0 PANEL
ASSY. 200755 N ( MONITOR POINT
730 [ 70 FRONT PANEL 7O REAR PANEL swio
530 ) L )
A Evosre 122 A Svosrs-ai 1 |
2 £200875-00 €200 coax | coax |
A ceo0o873 - ceo0873 1
) Y 3, !
5/ ( A3 D2 P9 ) 2/0 ) P8 )
J/ /3 J2 J2 | 23 J8
MOTHER BOARD
WIRE LIST A20080¢9
Ja N&-) V& 7 | i
23 £5 Pl A7 ,
J32 ANALOG BOARD SHIFT REGISTER BOARD MICROPRICESSOR BOARD
SCH. D20O729 2o
ASSY. C200728 .\ broora e wore :
CH. A /
JIO! HOZ JHO3 S04 J105 HOG ;fs;/y ngggﬁgs gssy :?o%mz ALl FRONT £ REAR PANEL CONNECT/IONS
Oo0Oogooao ' ‘ REFER TO SYSTEM WIRE (IST
» AR200750
k J [
- 4 /4
< va
7 P
A4 /0 (200874
/0 L @O
- ~1
J z0
Lo Y coar (B2 =Y,
200877 200873 J/2 JI
HIGH VOLTAGE DC/DEC CON V.
BCARD BOARD i
SCH. D20OT747 SCH. D200 7 5B .
ASS Y. DROO7H6 ASSY. D200T57 .
A \ -
7O FRONT PANEL 70 P/5 70 PIS TO FRONT  TO REAR _ . —
MONITOR POINTS REAR PANEL RPEAR PANEL — PANEL PANEL TO PNt o POWER IN 1
CANALOG INPUT) (PwR OUT 7O (Hi-v oUT) ey =+ </ 1
v 8ox) bisc. bz g;/z,aoo ot . ]
|
I I
| PART NO DESCRIPTION [rnote [ 'xe"
LIST OF MATERIAL
oaamn | L EM 4-78
oo ] JQEGRG LOS ALAMOS DIVISION
A v f;EQé - d. Y—‘ ' mSLCE EGBG,INC. P.O. BOX 809 LOS ALAMOS, NEW MEXICO 87544
QT PER ASS . .
UNLESS ;TMERWISE SPECIFIED [PrOJ ENG SYSTEM CHBLE 3
Ty rrmro‘:.: ""Z:wu. T ! INTERCONNECT ]
fDRILLED HOII:OLERANC{ PEH—ANDIO!C’I . LN£U7IQ0N CWNTER PHHSE:E
WOT- X | E 200794 | 1REF |00 REMOVE BuRRs aND sHARP E0GES FINISH SPECS CALC. WT. |CODE IDENT NO.[SI1ZE_Dwg. No. REV |
T Ll e » 0200726 | |
PART NO..D200726 T PER £ 080 70 905020 Do NOT SCALE THIS DWG [ SCALE: — |sHEET / oOF /
2 ]
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REVISIONS ]
LTR [ zond DESCRIPTION DATE [APPR
so Pz Jiz 2 Tl -—] B | |RENUMBERED JT
r —— 20l20
— 19 |9
8 /g |
17 117
16 |16 |
TO FRONT )
PANEL 15175
4 {14
e — — ——— —— et — . — 3 i/3 HIGH {VOLTAGE I
[ tcrrrice sonen ) | ¢/DC CONVETER BD ! 22| eo
RECTIFIER BOARD D . Jil | e L y /? CaooTe |
C200760 €200757 D e
BIFURCATED | | | SCHEM. D200758 ‘g 40|40 1o |10 | SCMEM) D20O7YT |
TERMINAL 39|39 219
LUGS | | | 38|38 8|3 |
717
| TER) 37137
> o\ abT | l OC /D€ CONVER 20 | 36 éle !
H2vV 35 |35 515
7?”?952 | | ‘ 39 |34 4 14 | |
3 3
oc IN - -12v 33 [33 3 |
PANEL onijoer| | 32|32 22
| FRONT | | 3 |3 oy
'P;/;gﬂ | INGT22 o
N % |V E— P = —| ——
* ~ T 1 | | 30|30 R ]
TW’SETED ' b | | 29 129 R ! |
wik 212 bmes
_‘_o)"é.'_ | | — 8 :‘3 15115 LT sy
7 O rwisten 27 LmoTHER |
- SHIELDE, | 2 | 26 313 | “gp.
CORCOM -~ . — | I *5v 25125 o1l | 200743 |
A.C. RECEPTACLE — 1 El | 24 | 24 4 |y RUN LIST A200807 [ DISPLAY/DRIVER
AND FILTER ms T 23|23 s ' ne poluzo  coes
©
N LN : | ' /D¢ CONVERTER 2|2 > 12 , , 200755
T o 3 > +e3 21 |2 8 |18 / ! CCHEM. D200757
1o/220 _|_ T : ! | = = -5y 20 | 20 6|6 . 3|3 313
LINE >——<17 T I | | | A | + + L 9| 19119 {Lz‘i’zm 515 515
L T j¢ Lo 2 o _+_ 12,000 BZUFTBQUFTZ.ZuF .y 8 | 18 215 %3 i e 215
LA ! reAR £ J\', lF ) I g 20120 b 2|2 212
\V4 )—P‘W'ELJ | VARO vH447 Tes ] 16 116 8|8 | Teew 4{a 4l 4
4 8 | ] > Llci 8 818
_ — 14 |14 912 ¥For. 8}
| 13 |i3 22|22 b &5V L L~
L /2 |12 0|0 Tegxm ’
SHOWNDL/N 220v l ey 25 |a| 75 |
POSITY /0 |10 1" 24
70 CHASSIS #5V =N 55;’::: P vy lay | T35V
GND LUG T Y glea 2\ ‘
7|7 25125 |
Lt | & 13113
515 b | 2l | ]
-5V T ]
| (M220 4 |¢ o F |95 1
I L 3 |3 =L G € | PRE-AMP | ]
2|2 A G | COMNVECTOR | ]
VOLTAGE (1 g B A | renr mned | 1
REGULATOR T g = ]
L——“_—__“"“"___J 'rW/erDL‘—"“‘_‘—]
PART NO DESCRIPTION [note | TE*
50 WIRE FLAT RIBBON LIST OF MATERIAL
CRBLE (WIRE I'15 MARKED o T ﬁn
BROWN AND LOCATED PHYSICALLY — éQEGZ:LE LOS ALAMOS DIVISION
NEAR BOTTOM OF THE LCH-RSJS/S-) SEsicueR EGBG,INC. P.O_BOX 803, LOS ALAMOS, NEW MEXICO B7544
QTY REQ D PER ASS Y—J [ewameen| R SLIC £ F ]
INLESS OTHERWISE SPECIFIED ]~ ENG S
= ToLERANCE = SCHEMATIC DIAGRAM ]
?f-cum.s !rcvlons Aiom_u é.o,[cy FPROVAL 1 IDO WEQ D/STQ/BUT/ON qu
A—BNLLED HOLE TOLERANCE PER ANDIO& =TT SPECS u A L OOE ToENT Mo T NG v
T3] Fe00757 [ (oot e s o e [ 0200740 |A]
CROSS NOEX] MEXT ASSEMBLY {pen > SURFACE ROUGHNESS PER MIL-$YD- 10 T
PART NO.D<00790 4 | SAiP PER £G 8 570 A300020) DO NOT SCALE THIS DWG [ SCALE: JSHEET / oF |
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REVISIONS
LTR | ZONE DESCRIPTION DATE | APPR
A REDESIGNED/REDRAWN
(D
§
(i
[ 1}] 132) TELEDYNE| OP AMIP EEI9SI/4n4d Al 19
] CB 4765 A/B RESISTOR, 47 W, VUW, 5% EE-3B27/4T-16H R3 18
| BB 6235 A/B RESISTOR, 62K, 1/BW, 5% EE-395654T-6B] RS 17
1| cg 2233 A/B RESISTOR, 28K, I/4W, 5% EE-8273MT-12q Re 16
' BK, W, 5% EE-8247/4T-IN
NOTES: UNLESS OTHERWISE SPECIFIED: 11| CB 1825 A/B | RESISTOR, |.BK, W, 3% Wk R I3
Ll ceiois A/B RESISTOR, 00 Ju, 74 W, 5% Ee-B821fF7] R Iq
- FOR SHEMATIC SEE DWG NG D200739 2| i1537-76 DELLVAN | COIL, |00 h. EE-9302[5N-15GK] L1, L2 13
8 = ODE . % - ) = . )
; ﬁ:ggﬁf_ x,?zN:ngry:g'élﬁngog: ve _1]] 2N HB8eO NSC TRANSISTOR, FET EE-9403046A-9 | Q| 12
. REMOVE AND IDISCARD TOP HALE OFP’W 4| INdisY ITT DIODE, SWITCHING  EE-7382/HEA52 | CRI-Y T
' ) b : 1 [[1500476¥900682| SPRAGUE | CAR ELECT, Y7 ALF, 61/ EE-2i55/5H-129 | C9 10
1 [[150D0226K9015B2 | SPRAGUE | CAP,ELECT, 22 avF, 15V EE-2lGeshHl | Ci2z | 3 | 9
[ 31[8i31- 100- 651974 M] ERIE CAP, CER.NIONO, , 47 . F EFY89]5G-35 [CT.I0, 8
T /[BI21-100- WERB-ItHK ERIE CAP, CER-MONO, .0l L F, EERY/56-29 Co 7 .
13 Dm-15-121 ARCO CAR SIL.VIKA,120 pF EE-765)5M-37 Ccs e _
3[[cN/5BI00J [CENTRALAB| CAP, CER,NPO, I0pF EE-10008/5AB-185 |C3,4,8 5 .
5 PIN EE-0658/SU-LM 4 |4
3|[3-330808-8] AMP | SOCKET, PIN EE-80I)/HF 5 3
1] 930802 TI SOCKET, ® PINDIP  EE4654/4DA-68 2
1 {[B200693-00] E6£G | PWB, PREANMP ]
PART NO. SOURCE DESCRIPTION DESIG. |NOTE] 'TEM
LIST OF MATERIAL
prewN | S, SCARLOTT  |88-78 n
& SEG2G L0S ALAMOS DIVISION
T TR T U T DESIGNERL 22 RICE EGAG,INC. P U BOX 809, LOS ALAMOS, NEW MEXICO 87544
~y—4 QTY REQ'D PER ASS'Y — |[evomees| 2. SLICE ‘
4 UNLESS OTHERWISE SPECIFIED ||PrOJ. ENG L ASS Y’ PRE AM P BOAP\D b
R DIMENSION TOLERANCE i -
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JA DRILLED HOLE TOLERANCE PER ANDIOSB'?: u N U R
H-DT-3 & 100 1e remove surRs ano snare epces || 'NISH SPECS CALC. WT. {CODE IDENT NO.[SIZE DWG. NO. REV
s sof o rcun TG e ko oo encan C200694 _|A
PART NOC22069Y_ 4 Frcruansme pem €58 570 400074 DO NOT SCALE THIS OWG| SCALE: 1/ 1 [SHEET 1 OF I
|
3 A 2 |
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i = NEUTRON [UR [zond DESCRIPTION [oate [aper
‘ COUNTER [a oy [AcDED S00RES B .039,3<V CAP [ I
: REAR PANEL
j {
; P/é[ Jie
HIGH VOLTAGE BOX/ PRE- AMP BOARD —
g s
1 PRE-ANP CH. | BOARD :
* 5!&0‘4 ’é RI0% TWISTED/ "‘//C’f_;:%é HIGH VOLTARGE
18w 62K RIO7 SHIELDED i5 SUPPLY SEE
cioa 100 . €l Jy Py PAIR ik . chBLE & W scwemeric
%/IzzF '*\N A > oG4 A | A {H; A 1A D20074T
1 Rl A0/ . 10} . i)
T g (00K 100K 3KV cioe NS Bw& 47 \J: 8 |8 99— 8 |8
— '8 CRibl cmoa\ Ti0PE "
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P3 IJIB | E3 C{,P H5V—X & AAS oE - AP l o ]: e
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et L} D e 1004H DECOUPLING T a7 22 I
! 7 15v i
= NN | PIO1 UI0!
132 L 4 Yg ! -
q T.42 . E—} >
Lio2 '3507 l P01 1201
- / £202 . o) e = —
oo 15V —¢ AT N p P P & 7>
o 100UH %% il l T I ANALOG 80
2 -
o ] o D 8 "R P35 J30 s€€ ANALOG
100K T / £30 : _ IR W — - — BD. SCHEMATIC
A CHANNEL 2 SN 7 M Mo|N ?f >~ 0200729
. R’é(ﬂ cude N N !N i ;‘40// jao/
‘ 0 i : . .
R30I Foepry e L . ‘! L b ey
/100K - ’ @ ﬁj 5
. { U b =D,
e A CHANNEL 3 507 $ { v v } L ol s
. - 70 )-ﬁ 5G 7 41 v v v xf _ if - -
L ST I . s s .-
K Yol R607 ' POl J@O!
100K CHANNEL 4 VNN p K |l e 5[}3 -
i olh 33
J J | J V4
R501 C501—H——[2_20: {
100
K s : puy 141/ .
EeVAYA e CHANNEL B " DC/OC CONVERTER
P 3 5y a
HoH Na Ho|H Jal 7{ 2/ t'/gvm:rso' S€E /b
roor (O 2277 a | G 146 | @ % /5  SCHEMATIC ]
100K £ | € 9 & | € 1% 3 2 +15/RET D200 758 -
LA CHANNEL & F | F Lo UGN I Y 4 - ]
< [ C cC +— N.C. ]
O (8] O O —N.C. ]
— N.C.
T 7 T T
: l l OTE]'HEM
NOTES? UNLESS OTHE RWISE SPECIFIED: PART NO l DESCRIPTION N 5O, |
I RESISTORL ARE IN OHMS, VB W, | % LIST OF MATERIAL
2. CAPACITORS ARE I MICRGFAIRADS 100UH : =5
3. FIRST DIGIT OF ™ DIGIT REFERENCE e cgm 2 orIQ EG2L5 L0S ALAMOS DIVISION
OESIGNATOGRS REFLECT CHAVNEL NO. & 155cE N 5 Sox 909 T AL imos NEW WEXI 87544
Y LAST REFEREN. . CESIGNATORS (SED: N OESICMRL /- T EGBG,INC. P.O. s
cy AGO! P60/ QTY REQ D PER AsS Y—) R.OLICE SCHEMATIC D/F)GR,QM 4
ES Cole Q60! UNLESS OTHERWISE SPECIFIED p,lam NG AND
JY CRGOY  Re07 DECIMALS Dmi::::v:::““iiGULm PROJECT APPROVAL - /GH LU[TQGE JM [T/ON BOX ]
(2 EeL2 T + + ‘ | PRE-AMP NEUTRON COUNTER- 7
Py JeO) A DRILLED HOLE TOLERANCE PER ANDIO3ST PSS Care wi JCODE IDENT NO.JSIZE DW6. NO. ngy<
- V| ANO SHARP E£DGES
p' Léoa /{7075 an 79L/ IQE" o0 : :EE::SENZ:?VSE LNOOSE SCALEB SPATTER [ D ZOO 7 59 A.
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4 3 v 2 l
REVISIONS
LTR [ZONE DESCRIPTION DATE [ aPRR
i :
' !
O ;
| ) [ » '
§
| ..
- ™
[ | ’ [ ,
1
v i
D { I 1> ‘I
! r | | \ O |
4 e
o / / \<
[ T S— TR ’
NN NN
% |7/192-0584 |SYLVANIA | KEY, POLORIZING 2|9
2 |031E0059-0001 | MALCO | CONNECTOR,COAXIAL, PC. J9,d10 8
| |65611 -308 BERG | CONNECTOR, MINI- LATCH e 7
3 [6ADOY-50-1A2-045YLVANIA | CONNECTOR,CARD EDGE JHJ5J6l 3 | 6
32 |3493-2003 3N CONNECTOR,HEADER J2,43,J7] 5
| |3496-2003 3IM CONNECTOR,HEADER J1 Y
| TIsoDy75xd0ze82] SPRAGUE CAP, TANTALUM , 4.7 Af, 35 WVDC ce | 213
5 |I50D225X963582] SPRAGUE | CAP, TANTALUM , 2.2 . f, 35WVDC [CIC5 | 2 |2
i "] |CeO07HE-00] EGEG PWB, MOTHER | |
NOTES: UNLEEbS OTHERWISE SPECIFIED 3 SART Mo, SouRnee _ DESCRIPTION Desic, [NOTE| To¥
4T R R 1. FOR SCHEMIATIC . , ;
o RND PR RGR IR e I DIA. SEE DWG NO. A200809 ® LIST OF MATERIAL
CONELTOR FOR MECHANT 2. CAPACITORS C1-Co ARE OPTIONAL by v = —ﬁ—
~SUPFORS 3. INSERT KEY ON JY BETWEEN PINS 26-27 Q [erawn IS SCARLOTY |5-3-
JS BETWEEN PINS I5- /0L 8 CHECKED é% EGRG LOS ALAMOS DIVIS'ON
J6& BETWEEN PINS 20-21 rn_v‘] AT Aésv—;J PESIGNER ‘;VSS""?\: €685, INC- PO BOX 809, LOS ALAMOS, NEW MEXICO B7544
O QTY REQ'D PER * ENGINEER | R. SL -
~~-—4--{ UNLESS OTHERWISE SPECIFIED [PRoJ ENG A\SS\(., f\/\OTH ER BOA RD 1
RO S— DIMENSION TOLERANCE [ 1
___ﬁ_____ﬁe;énml‘é FRACTIONS :rjcuua | T SR T | b
DR.&:L-E‘[‘)—H—O-LE TOLERANCE PER ANDIO3ST i NEUTRON COUNTERI
H-DT-3 [ E20079+ I "] GOTe removE BURRS AND SHARP EDGES FINISH SPECS CALC. WT. |CODE IDENT NG.ISIZE_DW8. NO. REV
e o] _ s [AEG] v st oo e : 200749 | |
URFA - -1 i, - — —
PART NO.C2007H0 4 e e toac 510 awo002d | DO NOT SCALE THIS DWG] SCALE: \/I |SHEET L _OF I ]
; 1 3 A S .



4 3 v 2 |
REVISIONS
{ LTR | ZONE DESCR!PTION DATE | APPR
A L/M UPDATE. .
’ Ly
| HI R e A s
2 “TTELEJRUIL]. OP_AMP.__ AXOYoi 2 47
(& | 1322 " "ITELE/PAIL | OPANIP AX03 ] 2 143
CM3ITH | _NATL VOI;TAGE.,COMBABJTOR Jlaxon l e 4e
o | _INI0Z NATL | VOUTAGER __JNMRYXOUT 2 T
x| 79r5p9] T DAL ONE. ©SHOT uz-uH YO
T zacsso | TT | &INPUT NAND T 29
&} CEA-TO | TRW/IRC} RESTSTOR, MF; 100K, Y4 W, l?o I Rxor | 2 | =8
(o | E3WRIOR__ |BECKMAN | .P0T, 10K, 22 TURN "~ T "RYj0’] 2 |37
T2~ TEA-TO | TRW/IRCIRESISTOR, mFE, 12.1K, x/aw 19%.. ... |Rxopgyis] 2 1 36&
(L] CEA-TO- [ TRW/IRCIRESISTOR MF, 10K, V/BW, 1% RYi§ | 2 |35
121 CEA-TO - | TRW/IRC] RESISTOR, MF, 5.11H, i/8 W, 19 R¥YRos] 2 | 34
[ | CEA-TO - | TRW/IRC[RESISTOR,MF, 274K, JBW, 195 Rxti | 2 [23
12| CEA-TO | TRW/IRCLRESISTOR, MF, 2.05K, /8W, | % ReGRve] & | 32
6| €EA-TO | TRW/IRCL.RESISTOR, MF, I.33K, /W, 1% Rx09 | 2 |31
78] CEA-TO | TRW/IRC| BESISTOR, MF, LK, VaW, 1% eraid IEN EG)
2] CEA-TO |- TRW/IRCLBESISTOR,MF, 2790, /EW, 1% ‘Rxoze | 2 | 29
(4] CEA-TO = | TRW/IRC] RESISTOR, MF, 160 w2, /&W, 19 RX1S | 2 | 28
% | CBiI0Ys 'A/B RESISTOR, (00K, I/H\N, 5% Rx17 | & {27
[ — 26
%} CBl1025 A/B | RESISTOR, K, Y4 W, 5% (Rxiga | 2 |25
[T 1 CBlOI5 A/B TT RESISTOR, 00, \/HW, 5% “RI 2y
5 1./537-76 | DELEVAM INDUCTOR, /00 h LLL2,L3 23
1 1537260 [ DELEVAN] INDUCTOR, 471k onwe 2 | ee
~1150D/06X9035RY SPIRAGUE|] CAE TANT.ELECT., 10.F 35VDC [ Cl,C2 2!
[T 1150068900642, | SPRAGUE | CAP, TANT. ELECT., 6-B uh & VDC c3 20
b {SES5U22.5/005004 SPRAGUE] CAP,. CER. MONO., 2.2 4 F , 50V cxw 2 119
55 |8/31-100-65M7YM BRIE  _] CAP, CER MONO., .47+ F, |00V el 2 | IS
|20 (8131-100-651-01 ERIE | CAP, CER MONOC., .[ LLF 160V Tcn-c3o 17
& {DN19- 4971 | ARCO | CAP, SILVER MICA, 4970 A% ol | 2 | 16
(¢ | OMI5-59) . | _ARCO | CAP, SILVER MiCA, 390 rf cxio | =2 |18
L OM-16-121  |TARCO [CAP, SILVER MICA, 120 PF wos |2 [
TG CN2DBB2 0O [CENTRALAB] CAP.CER, NPO, 82 PF, 200V C5-C10 13
T2 {85/-C02Le380J | ERIE CAR CER. S. NPO, 33 »f, 500V cxoe, (i3l 2 112
¢ | 8si~cozoemif ERIE CAR CER. 5. NPQ, 27 rF¥ , BOCV Cx09 12 |
& 1810-100-C0H0-4%9D! ERIE CAP, CER- MONO ., H.7 AF , \OOV cxoq |2 |10
3] 716-A6-2D | AUGAT | SOCHET 16 PIN DIP 9
T 719°AG -2D. . | AUGAT | SOCKET, I4PIN DIP E)
2417068-362-0 | EVMIC | SOCKET, 8 PIN , 7
23 2043-2 CAMBION | TERMINAL,SOLDER Frora] 2 | ©
F 1 [65529-106 | BERG | HEADER, 6PIN P3I 5.
NOTES: UNLESS OTWERWI|3E SPECIFIED: "1 165521- 106G | PERG__]HEADER, 6 PIN P3i 4
. FOR SCHEMATIC DiIA. SEE DWG D200729 & | O31-006]-0001] MALLO | CONNECTOR, MIN. COAX, MICRODOT JXO0I 2 |3
2.X” N REFERENCE DESIGNATOR DENOTED ‘51 B200730-00] EG 4G | BUS STRIP 2
THANNEL NUMBER | THRU & C] | C200727-00] EG{G | PWB AMPLIFIER T
| PART No. | sOURCE DESCRIPTION DESIG. |NOTE] TEN
| LIST OF MATERIAL
orawn TS STARIDOTY. Y g-ﬁ
frecreo ¢n§ EG 26 L0s ALAMOS DIVISION
e T RES SRR RS J1r:s'°"‘“ T T iC.P.0_ BOX 809, LOS ALAMOS, NEW MEXICO 87544
{ UNLESS OTHERWISE SPECIFIED [fprov. ENG ‘ AN\P\__\ F\ER E)OP\P\D 1
IMENSION T RA| E
. ISEEI;IA-LSD EsEfcno::E ”iicuun |[%—a'.,5 {—'—pnov“ h
) DRILLED NOL:mLEMNCE PER Aur.nosur1 N EUT RON COU NTER E
DTS | 280799 |- |o0]e Remove surrs ano snane coces _ |FINISH SPECS CALC.WT. JCODE IDENT NO.|SIZE_DWO. NO. _REV
WELDS REMOVE LOOSE SCALE @ SPA’
foross NEXT Assemaly “m:&-fg SURFACE ROUGHNESS PER IIL-ST;?:% C 2 OO7 26 B

PART NO.S200728 ~#

J& woRKMansHIP PER £G8G STD As00020]

—
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4 l 3 * 2 |
REVISIONS
LTR ZONd DESCRIPTION DATE |APPR
A | Ct |UPODATED 5777 SX.
Jal P3| 3 |AB I ADDED AB-%42,AB-43 7o Py /4 ofsold IC
—_——— B( |8 )
YR 10} cro9 — Al 1A
| LM103~2.2V 27PF C' % E%
A r 1
e | e o
‘ Rioa | 205 Riog RI7 éﬁge gE? B4 P31 TO FRONT PANEL MONITOR
51k LETT 124K VIW L A4 {AY POINT'S
| _,N\A_l_.,/\/\;\— AN 5% B5 B%
c/o -
| +I15V %} (192 +15V l @5@ gé
L103 l Ab |Ab
— | a7LH _
| POLE ZERO | s @ | o
K 82PF 2 525 K, 1% ; H'GgoX%T ’
Jis | RIOI  RIOZ cos Aty | ¢3 l
e Jor 100K 274 %"7 cro ‘ ‘‘ 1004+ o BN 0 |
P 390FF A g 0/ ([ |
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