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WARRANTY

Atl Tau-tron products are warranted against any defects in material and workman-
ship. This warranty applies for one year from the date of delivery for all
Tau-tron manufactured products. The warranty period for OEM products sold by
Tau-tron will depend on the original OEM warranty (consult factory for specific
products). We will repair or replace products which, upon our examination,
prove to be defective during the warranty period.

NO OTHER WARRANTY, EXPRESS OR IMPLIED, INCLUDING FITNESS FOR PURPOSE, MERCHANT-
ABILITY OR OTHERWISE, IS GIVEN,

For assistance, contact Customer Service with details of the instrument model,
serial numbers, and malfunction; see Repair Returns below.

SHIPPING DAMAGE

If any signs of damage are noted on the outside of the carton, request that the
carrier's agent be present during unpacking. If external damage is found on the
instrument, follow Repair Returns procedure below.

Check the electrical performance of the instrument as soon as possible after
receipt. If any malfunctions are observed, follow Repair Returns procedure
beiow,

REPAIR RETURNS

For mechanical damage or electrical malfunctions, notify Tau-tron immediately.
If the damage occurred during shipping, also notify the carrier. To return a
unit for repair:

1. Call the Customer Service Department, (617) 692-5100, for a Repair Authori-
zation Number. This will reduce administrative delays and ensure prompt
return of your unit.,

2. Complete and attach the Repair Tag, in the rear of the manual, to your unit
for positive itdentification.

3. Pack the unit in the original shipping carton and packing materials, if
available. Otherwise use a double-walled carton {test strength of 350 1b;
159 kg) and shock-absorbing material such as bubblewrap tc prevent the unit
from moving in the carton during transit. Secure the carton by sealing with
heavy paper tape.

4, Send to: Tau-tron Inc.
10 Lyberty Way
Westford, MA (01886
Attn: Customer Service
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The MB-302 BERT Receiver Operations Manual is
provided in modular form so that it can be tailored

to your particular system.

The manuai for this module is complete in itself
and contains information required to install and operate

the module,
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MB-302 ERROR RATE MODIFICATION S.N. 8111043

The MB-302 which carries the above listed serial number has a
modification which allows measurement of error rates in the 10~ through
107 ranges. This necessitated removal of the 10-° range and modification

to unblank 107 display and blank 10-° display. Synchronization thresholds
remain unchanged.






5. MB-302 BERT RECEIVER
5.1 DESCRIPTION

The Tau-Tron MB-302 BERT RECEIVER is a half-size TMI module that provides error-
detection and error-measurement capabilities. It not only generates internal
pseudorandom and fixed-word references but also allows the application of an exter-
nally appiied reference for special requirements.

Four modes of operation are provided, including one that automaticaily selects the

type of reference pattern being received and automatically synchronizes on it. Four
different measurements are provided, each with switch selectable display times of 1
second, 10 seconds or hold. In one measurement, detected errors are counted and

displayed as total errors up to six digits, plus overflow. Two measurements display

the error-rate, one with and one without automatic range selection of 10"'2 through
10'9. The fourth measurement is that of the input clock frequency, in MHz with

lkHz resolution. A1l measurements are indicated on @ large, bright, and easily-read

display. The data are also available at a rear-panel connector for automatic
logging.

The MB-302 requires the Tau-Tron MF-5 Mainframe for operating voltages and cooling.
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5.2 SPECIFICATIONS

CLOCK Input lkHz to 325MHz range with the following signal type selections:

TMI-~ 1V amplitude, input impedance is direct coupled 50 ohms to
ground. For use with other TMI modules or signal source
generating this type of signal.

ECL-- 0.8V amplitude, input impedance is direct coupled 50 ohms to
-2.0V.

AC--- 1V amplitude, AC coupled 50-ohm load, IMHz low frequency limit.
The clock waveshape should be approximately 50% duty cycle.

DATA Input Choice of TMI, ECL or AC coupling (see CLOCK Input), front-panel
controlled, into front-panel BNC connector. Front-panel PHASE
control selects additional 3 steps of delay of input data relative to -
clock for proper clock/data phasing, approximately 3ns max delay.

REFERENCE lkHz to 325MHz, ECL level of 0.8Y into 50 ohms to -2¥. Must be

DATA Input externally aligned, bit-by-bit, with data input.

COMMAND TTL level of 2V min into 1k ohms to +5V; with burst-mode off, rising
Input edge of this input triggers receiver synchronization. With burst-

mode on, Tow level of this input inhibits error measurement and
synchronization checking; and rising edge triggers synchronization
(if necessary).

DATA Pseudorandom, fixed word or external data. Pseudorandom at 2 -1

Patterns (127), 211 (32,767), 22°-1 (1,098,575), or 2%3-1 (8,388.607) bits,
Fixed word of any 16-bit repetitive pattern, External data of ex-
ternal synchronized reference pattern.

Synchron- Four modes are available; automatic, manual, external and externa?
ization  reference data, as selected by front-panel pushbuttons and 1nd1cated
by front-panel LEDs.

Measurements Four modes are available, as selected by front-panel pushbuttons and
indicated by front-panel LEDs. Display times of ls, 10s, or hold may
be selected. An LED indicates when a measurement is in progress.

The RESET pushbutton resets the counter, display and SYNC LOST LED,
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Display

Error Output

Sync Output

Printer Output

Options

Power

Cooling

Mechanical

6-digit, high-brightness LED display, with 0.430 in. high digits
and 0.280 in. high exponent provides measurement data.

One pulse per bit error, width follows clock input width, at ECL
level of 0.8V into 50 ohms to -2V, available at front-panel BNC
connector.

Squarewave occurring once every 4 pseudorandom sequences or every 4

16-bit fixed words, TTL level of 2.4V min into standard TTL load.

TTL compatible I/0 lines, positive true outputs and negative true
input, available at rear-panel 50-pin D-connector for use with
external printer.

OP-02 [IEFE-488 Interface (GPIB)

+17V nominal at 0,2A, =17V nominal at 6.0A, unrequlated and sup-
piied by mainframe.

Forced air, supplied by mainframe.

TMI half-size module. DIMENSIONS: 6.375 in. high x 8 in. wide x
11 in. deep. WEIGHT: 12 1b net, 14 1b shipping.

5-3



5.3 INSTALLATION

Module 1.
Insertion 2.
3.
Module 1.
Removal 2.
3.

5-4

Pull out the Mainframe Module Lock knob,
Insert the module as required.
Push in the Mainframe Module Lock knob.

The module(s) can be inserted in any position desired. In
general, systems shipped by Tau-Tron have modules inserted in the
folTowing order:

Position 1...Clock

Position 2...Transmitter
Position 3...Receiver

Pull out the Module Lock knob.

Grasp the module to be removed by its front-panel thumbscrews and‘
pull to remove. '

Push in the Module Lock knob to prevent the remaining modules
from accidentally falling out.



5.4 FRONT PANEL
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LED Tights when BIT ERROR/FREQUENCY COUNTER overflows.

The original design of the MB-302 implemented the overflow indica-.
tion as a "History Status"; i.e., once the display overflows, it

is necessary to push the RESET button on the front panel to extin-
guish the OVERFLOW LED. The newer MB-302 provides for both History
and Current Status OVERFLOW LEDs. In the Current Status overflow
indication, the QVERFLOW LED lights if the current displayed
measurement had not overflowed.

In the newer MB-302, the Counter PCB includes a shorting connector
and programming pins along the edge of the board next to the front
panel. As shipped from the factory the shorting connector is in-
stalled for a History indication but can be moved in the field for
Current indication.

MB-302s shipped prior to October 1981, can be modified for a Current
Status overflow indication. Consult factory for further details.

LED lights while the measurement of CLOCK FREQUENCY, TOTAL ERRORS,
ERROR RATE AUTO, and ERROR RATE MANUAL are in progress.,
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11
12

13
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Display

CLOCK
FREQUENCY
(MHz )

TOTALIZE

BIT ERROR
RATE AUTO
RANGE

8IT ERROR
RATE MANUAL
RANGE

IN SYNC
SYNC LOST
MODE

MANUAL
RANGE EXPQ-
NENT SELECT

RESET

Indicates the number of total errors accumulated, up to 6 digits
plus overflow, and the frequency in MHz, up to 6 digits plus
overflow with lkHz resoclution.

LED 1ights when the MODE button is pushed. This button must be
continuously pushed until the CLOCK FREQUENCY LED 1Tghts
The display indicates the frequency,

LED lights when the MODE button is pushed. This button must be
continuously pushed until the TOTALIZE LED Tights. The display
indicates the number of total errors accumulated after the RESET
button is pushed.

LED Tights when the MODE button is pushed. This button must be
continuously pushed until the BIT ERROR RATE AUTO RANGE LED

lights. In this mode, the display indicates the error-rate up to 3
digits plus overflow with a 2- -digit exponent.

LED Tights when the MODE button is pushed., This button must be
contxnuous?y pushed until the BIT ERROR RATE MANUAL RANGE LED
Tights and the two MANUAL RANGE EXPONENT SELECT buttons light. The
display indicates the error-rate up to 3 digits plus overflow with
a 2-digit exponent.

LED Tights when sync is acquired automatically and then synchronized,

LED lights when, at any time during a measurement, sync is lost.

ITTuminated button is used to select CLOCK FREQUENCY, TOTAL ERRORS
ERROR RATE AUTO, and ERROR RATE MANUAL postions as required.

Two i1luminated buttons Tight when the MODE bytton is pushed con-
tinuously until the BIT ERROR RATE MANUAL RANGE indicator 1ights,
Push the upper MANUAL RANGE EXPONENT SELECT button to increase the
exponent indicated on the display, or push the lower button to de-
crease it, until the desired range of from 1072 to 1072 s select-
ed.

ITTuminated button is used to help display TOTAL ERRORS, to stop
error measurement, and to reset the display to zero while in HOLD
time so that a new measurement can be initiated.
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15

16

17

18

19

20

21

22
23
24

DISPLAY TIME

BIT ERRORS/
ECL

FRAME SYNC/
TTL

AUTOQ/SELECT

MANUAL REF
DATA/SELECT

MANUAL SYNC/
SELECT

EXT COMMAND/
SELECT

EXT COMMAND
INPUT/BURST
MODE

Data
Clock

EXTERNAL REF
DATA

Vertical three-position slide switch selects three different display
times: 1 SEC, 10 SEC or HOLD.

BNC output connector indicates a one pulse per bit error, width
follows clock input width, at ECL level of 0.8V into 50 ohms to -2v.

BNC output connector indicates a squarewave occurring once every 4
pseudorandom sequences or every four 16-bit fixed words.

[TTuminated button automatically selects reference data and displays
by means of REF DATA LEDs. Sync is also acquired automatically and
a synchronized condition illuminates the IN SYNC LED.

ITTuminated button lights when the AUTO button is pushed. This
button must be continuously pushed until the MANUAL REF DATA SELECT
button lights. Push the MANUAL REF DATA SELECT button for the
desired range (27-1 PN thru 223~1 PN, or 16-BIT word).

[1luminated button lights when AUTO button is pushed. This button
must be continuously pushed until the MANUAL SYNC button lights.
Push the MANUAL SYNC button to synchronize; a synchronized con-
dition illuminates the IN SYNC LED. |

[Muminated button 1ights when the AUTO button is pushed. This
button must be continuously pushed until the EXT COMMAND button
Tights., Same as MANUAL SYNC operation except sync attempt is
initiated by a signal applied to the EXTERNAL COMMAND INPUT BNC
connector,

BNC connector to connect to an external sync signal. The BURST MQDE
is used in conjunction with the AUTO button being pushed until the
MANUAL REF DATA SELECT and EXT COMMAND buttons Tight. The EXT COM-
MAND button must be pushed in for the BURST MODE operation to func-
tion.

BNC connector indicates a cho{ce of coupling {TMI, ECL or AC).
BNC connector indicates a choice of coupling (TMI, ECL or AC).

BNC connector input for a lkHz to 325MHz, ECL level of 0.8V into
50 ohms to -2V signal. This input must be externally aligned
bit-by-bit, with the data input.
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26

27

28

29
30

31

32

33

34

35
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CLOCK Input
Level

DATA Input
Level

PHASE

ALL ZERO
INPUT DATA

CLOCK ON

EXTERNAL
DATA

16-BIT WORD

Pseudorandom
Sequence

Pseudorandom
Sequence

Pseudorandom
Sequence

Pseudorandom
Sequence

Vertical three-position slide switch indicates a sinewave or square- .
wave in a choice of coupling (TMI, ECL or AC). The AC, TMI inputs
range from lkHz to 325MHz with 1V into 50 ohms to ground; AC and DC
coupled respectively. The ECL input ranges from lkHz *o 325MHz with
0.8V into 50 chms to -2V, DC coupTed. An LED indicates when clock
input is detected.

Vertical three-position slide switch indicates a choice of coupling
(TMI, ECL or AC). The AC, TMI inputs range from lkHz to 325MHz with
1V into 50 ohms to ground; AC and DC coupled respectively. The ECL
input ranges from lkHz to 325MHz with 0.8V into 50 ohms to -2V, DC
coupled. An LED indicates when the data are all zeros (not pre-
sent).

Horizontal three-position slide switch selects additional three
steps of delay input data relative to clock for proper clock/data
phasing, approximately 3ns maximum delay.

LED Tights when data are all zeros (not present),

LED Tights when clock signal is present.

LED lights when the AUTO button is pushed. This button must be

continuously pushed until the EXTERNAL DATA LED Tights.

LED Tights when the MANUAL REF DATA SELECT button is pushed for
16-BIT WORD.

LED Lights when the MANUAL REF DATA SELECT button is pushed for
pseudorandom sequence of 223-1.

LED Tights when the MANUAL REF DATA SELECT button is pushed for
pseudorandom sequence of 220-1.

LED Tights when the MANUAL REF DATA SELECT button is pushed for
pseudorandom sequence of 215-1.

LED 1ights when the MANUAL REF DATA SELECT button is pushed for
pseudorandom sequence of 27w1.



5.5 OQPERATION
5.5.1 SYSTEM UNDER TEST CONNECTION

‘The MB-302 requires a clock and data signal, both at the same rate, in order to
synchronize and perform error measurements. These connections must be made with
a 50-ohm coaxial cable using BNC connectors.

5.5.2 INPUT LEVEL SELECT

The front-panel CLOCK and DATA input levels must be selected prior to starting the
test. The TMI and ECL signals are DC coupled 50-ohm inputs with the reference ter-
mination voltage at ground and -2V, respectively. The AC input is a capacitively
coupled 50-chm input impedance.

5.5.3 REFERENCE DATA SYNCHRONIZATION MODES

There are five modes of synchronization possible with the MB-302, the modes are
chosen by the SELECT pushbutton, which is also the AUTO mode LED, in the REF DATA/
SYNC section of the front panel. Each time this SELECT button is pushed, the
appropriate LED should 1ight which shows the selected mode.

5.5.3.1 AUTO

In this mode, the MB-302 Reference Data is automatically selected to match the in-
coming data at the front panel. In addition, synchronization is acquired auto-
matically once the receiver has determined the correct patterﬁ. If, at any time
during the measurement, synchronization is Tost, the SYNC LOST LED will light; the
receiver will automatically initiate a resynchronization sequence and, if synchro-
nization is reacquired, both the IN SYNC and SYNC LOST LEDs will be on., The

RESET pushbutton will extinguish the SYNC LOST LED.

5.5.3.2 MANUAL REF DATA SELECT/MANUAL SYNC

When this mode is chosen, via the SELECT pushbutton, both of these LEDs will light.
Push the MANUAL REF DATA SELECT button and watch the REF DATA LEDs, in the upper
Teft-hand corner, sequence through the patterns until the REF DATA pattern agrees
with the MN-302 pattern.

5-9



Once the patterns are matched, push the MANUAL SYNC, if the input data error-rate
s within the acquisition threshold, the IN SYNC LED should 1ight, observe the
error display in either of the bit error-rate modes or totalize, adjust the PHASE
switch to minimize the error count.

If the receiver loses synthronization due to high error-rate at the data input, the

SYNC LOST LED will be ON and the IN SYNC LED will be QFF, the only way to re-establish ;

sync acquisition is to push the MANUAL SYNC button.

NOTE: This may happen when adjusting the PHASE switch during initial set-up of the
system.

5.5.3.3 MANUAL REF DATA SELECT/EXT COMMAND

This mode functions similar to the MANUAL REF DATA SELECT/MANUAL SYNC mode except that

the initiation of the sync acquisition function is done with an externally applied
TTL pulse, Push the SELECT button until the MANUAL REF DATA SELECT and EXT COMMAND

LEDs are 1it, Check that the EXT COMMAND button is in the QUT (unlatched) position.

Connect the external command signal source to the EXTERNAL COMMAND input, the signal
1s active LOW and synchronization is initiated on the LOW to HIGH transition (trail-
ing edge) of this signal. This signal is TTL into the lk-ohm input level, the mini-
mum width is 50ns. o

If receiver synchronization is lost then the EXT COMMAND pulse must be applied in
order to re-establish the IN SYNC condition.

5.5.3.4 MANUAL REF DATA SELECT/BURST MODE

Push the select pushbutton until the MANUAL REF DATA SELECT/ EXT COMMAND LEDs light,
then push the EXT COMMAND button so that it latches. Select the REF DATA PATTERN
by pushing the MANUAL REF DATA SELECT pushbutton and observing the REF DATA LEDs

in the upper left-hand corner of the front pané%. In this mode, two operations

take place, when the EXT COMMAND goes from its normal logic-l value to logic-0, the
MB~302 Error Counter is inhibited for the duration of the logic-0 level; when the
EXT COMMAND makes a logic-0 to logic-1 transition, the synchronization process is
initiated and resynchronization acquisition will occur. |
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This mode is used when the data are present in bursts or when continuous data have
bursts of nonvalid data; in either case, error counting can be enablied only when
the data are ready for measurement.

NOTE: The IN SYNC and SYNC LOST LEDs may be on simultaneously during a test in the
BURST MODE because, even though the error counters are inhibited, the error
threshold circuits are still active. The actual EXT COMMAND signal should have
some guard band of approximately 2 micro-seconds on either side of the burst
puise to allow for Toss of sync and réacqufsition of sync before the counters
are enabled,

DATA } INVALID DATA ] DATA

EXT COMMAND

BURST MODE TIMING DIA“AH

5.5.3.5 EXTERNAL REF DATA

In this mode, the MB-302 functions as a 2-channel comparator and any two jdentical
data streams can be used as the input. Push the SELECT button until the MANUAL REF
DATA SELECT LED is 1it, then push the button again until EXTERNAL DATA is selected
on the REF DATA indicators. Refer to page 5-12 for Test and Timing Diagrams.

Connect the MB-302 EXTERNAL REF DATA input to an output of the test pattern source via
a 50-ohm coaxial cable and a variable delay control. (Note that the MB-302 EXTERNAL
REF DATA input must be ECL, the input termination is 50 ohms to -2 volts.)
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- Connect the Device Under Test (DUT) output to the MB-302 DATA input. Make the appro-

priate input level selection. Set the MB-302 CLOCK/DATA PHASE control to the REF
position. '

Connect the MN-302 CLOCK input to the system clock output via a 50-ohm cable and a
variable delay control.

Observe the EXTERNAL REF DATA input and the DATA input on a dual channel oscilloscope
with matched delay inputs, Adjust the REF DATA variable delay control until it
agrees with the DATA input bit-for-bit, then fine tune the delay control until the
edges of the two data inputs are aligned to within +100 pico-seconds.

Observe one of the DATA inputs and the CLOCK inputs, adjust the clock delay for the
timing as shown in the diagram. Connect all inputs to the MB-302, fine tune the
clock phase to minimize the error display. (ZERO errors if the set-up is using
error-free data.)

Push the RESET pushbutton to initialize the counter and begin the test. The follow-
ing characteristics of this mode should be noted:

1. There is no "synchronization/acquisition” function in the mode; hence, the IN
SYNC/SYNC LOST LEDs have no meaning when determining the sync status.

2. The error counters function in all modes as before, the SYNC LOST LED may serve
as a coarse indicator of burst error conditions, but as just mentioned, there
is no "sync acquisition" function.

3. If large changes are made to the clock frequency, then all input timing must be
rechecked.

4. The CLOCK/DATA PHASE control must NOT be moved from the REF postion.
5.5.4 COUNTER MODES

Four measurement modes are possible: all are selected by the MODE pushbutton in the
COUNTER MODE section of the front panel.

CLOCK Push the MODE button until the CLOCK FREQUENCY LED lights. The display

FREQUENCY indicates the frequency in MHz, up to 6 digits plus overflow, with a
lkHz resolution. The GATE LED lights while the measurement is in pro-
gress.
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TOTAL Push the MODE button until the TOTALIZE LED lights. The display

ERRGRS indicates the number of total errors accumulated after the RESET button
is pushed, up to 6 digits plus overflow. The GATE LED lights while the
measurement is in progress. The measurement is stopped by pushing the
RESET button.

ERROR Push the MODE button until the BIT ERROR RATE AUTO RANGE LED lights,

RATE AUTG In this mode, the range is selected automatically for 10' to 10""9
The display indicates the error-rate, up to 3 digits p]us overflow,
with a 2-digit exponent. The GATE LED Tights while the measurement
is in progress,

ERROR Push the MODE button until the BIT ERROR RATE MANUAL RANGE LED lights
RATE and the two MANUAL RANGE EXPONENT SELECT buttons light. Push the upper
MANUAL MANUAL RANGE EXPONENT SELECT button to increase the exponent as indicated

on the display, or push the Tower button to decrease it, until the

desired range of from 10~ -2 to 107 -9 is selected. The display indicates

the error-rate, up to 3 digits plus overflow, with a 2-digit exponent.

The GATE LED lights while the measurement is in progress. -

NOTE: In the ERROR RATE modes (AUTO or MANUAL) the error-rate measurement is not
valid until the END of the gate period, at this point the GATE LED goes out
and the display is updated with the final count value.

5.5.5 DISPLAY TIME

Three different times are possible, all are selected by the DISPLAY TIME switch: 1 sec,
10 SEC or HOLD, With the 1 SEC or 10 SEC times, the display is held for the indicated
time, then both the measurement and display are automatically reset to zero and a new
measurement is initiated. With the HOLD time, the display is held until the RESET
button is pushed at which time the display resets to zero and a new measurement is
Cinitiated.
NOTE: The BIT ERRORS output produces a pulse at an ECL Tevel each time an error is
detected during measurement, independent of the measurement mode selected.
This output would be connected to an external counter so as to count total
errors while the MB-302 is measuring the error-rate. As a result of this, a
simultaneous indication of total errors and error-rate would be produced.
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5.5.6. PRINTER INTERFACE

The MB-302 Printer Interface connector on the MF-5 Mainframe rear panel has all the
available handshaking necessary to interface to any standard parallel BCD printer.

Lines include 6 BCD digits plus decimal point, printer strobe, printer busy input,

and status lines for time rate auto, time rate manual, frequency, totalize, in sync
and Tost sync.

NOTE: Ensure that the internal cable in the MF-§ Mainframe lines up correctly with
the MB-302 Printer Interface connector.

5.5.6.1 CURRENT STATUS VS HISTORY STATUS

When in the current status mode and a BCD printer interface is installed in the
system, the system will print twice for every over~-threshold measurement or for every
measurement the system takes. If this is undersirable, switch over from the current
to the history mode by changing the jumper on the Counter PCB. This, as a result,
lets the system update and print only once for every measurement.

T —————— Y A S S HISTORY/
F G ° CURRENT STATUS
_ o+ ' Da/ : JUMPER
{371+ - 100pf
INd148
e ] (o
ZK}
? U113 }v J1
DIP CONN

-5 -{iE}-
~ZK}-

) S

COUNTER PCB
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5.6 THEORY OF OPERATION

The MB-302 receiver (refer to the system Block Diagram) performs bit-by-bit measure-
ments between incoming data and its own Tocally generated reference generator. Bit
errors exist when the iricoming data and the reference generator do not agree on a
bit-by-bit basis. The bit errors are then displayed in a variety of ways to the user;
one is totalize where all errors from the start to the end of a test are accumu?ated
another is automatic time rate where the errors are displayed as a function of the
total number of bits in the measurement internal. In this mode, the exponent is
automatically selected as a function of the number of errors. The third way is
manual bit error-rate where the gate time interval can be set manually with a front-
panel pushbutton. An overflow LED signals when the measured errors exceed the range
of the selected time interval or the six-digit totalize range.

The MB-302 contains a front-panel board which holds the high-speed input amplifiers,
a Code Resync board where the reference pattern generator, frame sync circuits, and
error detectors are located and a Counter board which contains all of the error
counting logic and sync acquisition control functions., Standard units contain a BCD
Interface board for the Printer Output. If GPIB option is installed, the BCD Inter-
face is replaced by the GPIB Interface board.

5.6.1 FRONT-PANEL BOARD

The front-panel pc board contains the high-speed clock and data 1nput amp11f1ers as
well as the display and display control logic.

5.6.1.1 INPUT CLOCK AND DATA AMPLIFIERS

Identical wide-band, pulse amplifiers convert the three selectable input signals to
ECL for use within the module. An internal threshold adjustment is factory-set

for maximum sensitivity and frequency response. These amplifiers, designed by Tau-
Tron, are plug-in hybrid micro-circuits and operate as extremely fast current-mode

switches. Output rise and fall times are typically much less than one nano-second

when driving 50-ohm terminated lines.

5.6.1.2 6-DIGIT DISPLAY

The 6-digit LED display is driven from a display controller/driver mounted on the
front panel. The display controller multiplexes data from the counter board and,
under control from an oscillator on the counter board, presents the information to
the display in the form of a scan across the six LED digits. The scan rate is such
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that the indicators appear to be on continuously, but are actually on only when
selected by the controller.

5.6.1.3 STATUS, REF DATA, AND OTHER INDICATORS

These single LEDs are driven from logic circuits or discrete éomponent drivers and
are essentially DC levels which reflect the statuys of the indicated signal as opposed
to the digit LEDs which are dynamically driven.

5.6.2 CODE RESYNC BOARD

This board contains all of the réfekence pattern generator circuits and high-speed
comparators which determine the bit errors. The circuit elements are ECL devices
either in dual inline or flat-pack packages,

5.6.2.1 CLOCK DISTRIBUTION

The full-rate clock, from the input amplifier, drives a divide-by-2 circuit and this
half-rate clock becomes the primary clock signal for the Code ReSync Board. The
only places where the full-rate clock is used are at the input data latch and the
error sampler. All other code generator processing is done at half rate.

5.6.2.2 REFERENCE PATTERN GENERATOR

The pattern generator itself is a variable Tength Tinear feedback shift register
with feedback taps chosen such that the output is a maximal-length pseudorandom
sequence, The pattern generator runs at half the input clock rate, but two phases
are developed as input to the error detector so as to match the two phases of input
data from the input data demultiplexer. The length of the shift register can

be either 7, 15, 20 or 23 stages.

5.6.2.3 INPUT DATA LATCH AND DEMULTIPLEXER

A high-speed data latch, clocked at the input clock rate, transfers the input data
to the data demultiplexer. The variable delay, under control of the front-panel
CLOCK/DATA PHASE switch, insures that the transitions of the data with respect to
the rising edge of the clock do not violate the setup time of the data latch. The
demultiplexer translates the input data from a single data stream at the input clock
rate to a pair of identical data streams at half the clock rate. These data streams
are displaced by a 1/2 frame +1 bit with respect to each other. In addition, these
_ data streams along with the reference generator signals with identical frame phase
n relationships become the inputs to the Error Detector.
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5.6.2.4 ERROR DETECTOR

The error detector is a network consisting of a pair of Exclusive-OR gates; each
gate has a reference data bit stream and a demultiplexed input data bit stream as an
input. Hence, although the processing is done at one half of the input clock rate,
the use of two comparators insures that every input data bit, on a bit-by-bit basis,
is'checked against the reference code. The error detector output is an NRZ pulse
for each data bit in error.

5.6.2.5 ERROR SAMPLER

The error sampler combines the two half-rate NRZ error channels from the error
detector into a single high-speed error signal. To do this, the full-rate system
clock strobes the two error channels such that every error bit is present as a pulse
at the output. This error signal drives a buffer gate to the front-panel ECL BIT
ERROR output jack. It also is the input to the Error Threshold counter section.

5.6.2.6 FRAME SYNC COUNTER

In order to generate a sync pulse on a per frame basis, the Frame Sync Counter detects
@ unique bit pattern within the frame period of the selected code. This unique pat-
tern is the maximum number of consecutive zergs which, in this type of pattern gener-
ator, is a}ways one less than the number of stages in the shift registor. For
instance, in the 27—1 code length, there are seven stages in the shift register;
therefore, six consecutive zeros occur, but occur only once in the 127-bit frame
length, The same analysis holds true for the remaining code lengths except that the
number of bits per frame and; hence, the time between frames, is considerably longer.

5.6.2.7 ALL ZERO DETECT

The absence of data of the MB-302 DATA INPUT will cause the ALL ZERO INPUT DATA LED
to light. This signal is derived by samp!ing both phases of the demultiplexed input
data and the most significant bit of the Frame Sync Counter. Under normal condi-
tions, there will always be activity on the input data Tine and; hence, the zero in-
dicators will not light. If the data are removed, then no activity is present on the
input Tine, the receiver loses synchronization and the zero indicator will be set

by the first transition out of the Frame Sync Counter most significant bit.

NOTE: It must be remembered, when in the AUTO SYNC MODE, that the absence of data
(Togic-0 at the input) or a continuous logic-1 at the input can cause a
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condition where the system appears to be in sync even though there are no
data present. This is because, in the AUTO SYNC mode, the static levels of
togic-1 or 0 are interpreted as a 16-bit fixed word and; hence, represent a
valid data pattern even though the original pattern may have been one of
the pseudorandom codes.

5.6.2.8 HIGH-SPEED ERROR COUNTER

The first stage of error counting, which corresponds to the Teast significant digit

on the error display, is done on the code ReSync Board. The input to this first
counting stage can be as high as 325Mb/s; hence, in order to localize the high-speed
signails, a bi-quinary divider is used to count the first digit in both the bit error-
rate and totalize count modes. The first stage of error counting for the threshold
circuits is also done on this board, sharing logic circuits with the totalize counting
circuits. Two error count signals are sent to the Counter Board from the Code Resync
Board, one is the E/4 signal to the threshold Togic and the other is the least §$ig=
nificant digit (BCD) for the display. In addition, a CLOCK/20 is also generated on
the ReSync Board for use on the Counter Board. '

5.6.3 COUNTER BOARD

The Counter Board accepts the error signals and prescaled clock signals from the
ReSync Board and generates all of the error display information for the front panel,
In additfon, the digital error threshold circuits are located on this board: these
circuits determine whether the amount of bit measured errors with respect to the
number of bits sampled exceeds a pre-defined ratio.

5.6.3.1 ERROR THRESHOLD

The error threshold logic has two thresholds for operation, a low threshold which is
active when the receiver is trying to establish code synchronization (search) and a
high threshold which allows the receiver to maintain code synchronization in high
error-rate situations (hold). The thresholds are as follows:

MODE SEARCH (LOW) HOLD-IN (HIGH)
THRESHOLD THRESHOLD
P/N SEQUENCE 64 errors/800 bits 3200 errors/10,000 bits
FIXED WORD 32 errors/1600 bits 1600 errors/10,000 bits

The thresholds are determined by fixed dividers on the system clock which provide
the block of bits over which the error measurement must be made, the high-speed



dividers on the ReSync board provide the error information to the Tow-speed counters
on the Counter Board. The block of bits determines an error threshold frame which
resets the error accumulators at the end of the block time. If the accumulator

is filled before the end of the frame, then an over-threshold condition exists and
other circuit and system functions are initiated. ‘

5.6.3.2 TIME BASE CONTROL AND COUNTER

The Time Base Counter is an 8-decade counter driven by a pre-scaled clock pulse from
the Code ReSync board, The counting window or time base is selected by the Time
Base Control which enables the proper decade. This decade is represented by the ex-
ponent on the front-panel display and may be selected manually or automatically.

The range of the exponent is from 10”2 to 10'9 which selects decade divider ranges
from 10°% to 1074,

5.6.3.3 ERROR COUNTER

The actual error counter is a six-decade BCD counter; the least significant digit
is Tocated on the ReSync board and is a'high-speed bi-quinary circuit, this output
drives the remaining 5 decades on the counter board which are low-speed (TTL) BCD
dividers. The counter outputs drive data selectors which control the multiplexing
of the counter onto the scanned front-panel display.

5.6.3.4 DISPLAY TIME

The front-panel DISPLAY TIME switch controls the time constant of a TTL one-shot
multivibrator. This circuit controls the rate at which the display holds its in-
formation for observation by the user. The display time generator also provides
reset and preset signals to the error counters, time base counters and error latch
circuits; these signals occur at the end of the display time.

5.6.4 THE SYNCHRONIZATION PROCESS

The synchronization of incoming data with the internal reference data is accomplished
using a "feed-forward" technique. Assuming that the receiver is not synchronized

with the incoming data, an output from the error threshold detector will cause the in-
coming data stream to be loaded into the internal reference code generator shift re-
gister. At the end of 800 bits, the feed-forward signal is removed and the reference
generator begins to shift on its own, advancing to the next state of the code. The
input data should also be advancing to the same state and; hence, the errors should

be zero. The error detector compares the two data streams, one from the reference
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generator and one from the device under test. If the errors are less than 64 over
the next 800 bits, then the input data are assumed to be correct and the error
threshold converts to the high threshold value where errors less than 3200 in 10,000
bits are required to maintain synchronization. This basic procedure is used in ail
sync modes and pattern selections.

5.6.4.1 AUTO SYNC MODE

In this mode, the search for the proper internal reference code is done automatically.
Assuming initially that the receiver is not synchronized, the basic feed-forward pro-
cedure is initiated. If, at the end of an 800-bit sampte, the error threshold is
exceeded, then the procedure is re-injtiated. If, after the second attempt, the errcr
threshold is still too high, the reference code selector is automatically advanced

to the next pattern and the synchronization procedure starts again. This will con~
tinue until all of the pattern lengths have been examined at least twice. This can

be observed on the front panel, the REF DATA indicators will be flashing as they

are seiected,

5.6.4.2 MANUAL SYNC MODES

A1l of these modes require that the internal reference code be selected manually with
the front-panel controls. The other common feature of the manual modes is that some
external signal must generate the feed-forward or re-synchronization signal. In the
MANUAL mode, it is the front-panel pushbutton and, in the EXTERNAL modes, it is from
some other electrical signal. If synchronization is acquired and then lost, the ex-
ternal re-sync signal must be applied in order to start the synchronization process
again.

5.6.5 THE COUNTING PROCESS

The counter section provides three methods of counting bit errors, two of them are bit
error-rate modes and the third is a totalize mode. In addition to counting errors, the
counter functions as a frequency meter and displays the input clock frequency on the
front-panel display.

5.6.5.1 BIT ERROR RATE AUTO

In this mode, the exponent of the bit error-rate is automatically set as a function of
the measured errors. The exponent always starts at 10"2 and increments to the next
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lowest error-rate -- 10'3, 107 etc. Each selection of an exponent enables an
increased counting window in the error counter because the exponent is a direct
function of the number of bits or clock periods over which the measurement is being
taken. The exponent will continue to increment until a minimum of 200 errors are
counted in a particular range. Once at least 200 errors are counted, the measurement
will continue until the end of the counting window; at that time the exponent will be
incremented to the next value and the display will be updated with the present value
held in the error-counter buffer. The counters get reset and the count cycle re-
starts at 10'2, incrementing at the end of each exponent time-out until at least

200 errors are detected. If no errors are detected, the counter will reach 10"9

and remain there.

5.6.5.2 BIT ERROR RATE MANUAL

In this mode, the counting window is set via the front-panel EXPONENT SELECT push-
buttons. The count window is fixed and errors are constantly measured over the same
time base. If the errors exceed the time base, then an overflow condition exists,
and the OVERFLOW LED will be 1it. The overflow condition can be avoided by setting
the exponent to some higher error-rate valye.

NOTE: The GATE LED is illuminated during the time that the counter gate is open.
The displayed value is valid only at the END of the count cycle when the GAT
LED goes out and the counter is updated with the final value. ’

5.6.5.3 TOTALIZE

The totalize mode functions by opening the count gate at the start of a measurement
(such as after a reset) and will not close the gate until the RESET button is pushed
or the mode is switched. In this mode, errors accumulate indefinitely or until the
measurement is deemed to be complete. If the six-digit counter overflows, the QVER-
FLOW LED remains on while the overflow condition exists. '

5.6.5.4 FREQUENCY

In the Frequency mode, the input clock frequency will be displayed on the front panel,

The units displayed are Megahertz but the six-digit display has resolution down to

1 kilohertz. A 1MHz crystal time base divided down to 10'5 provides the basic count-
ing window for this measurement, The 10 millisecond Squarewave enables the input
clock to be divided and entered into the dispiay buffer. At the end of this time,
the value is latched and presented to the display.
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5.6.6 BCD INTERFACE

The BCD Interface is a synchronous demultiplexer with six output Tatch sets, one for
each of the five data digits and one for the exponent digit. When the MB-302 gate
signal goes low, indicating end of measurement, the BCD Interface starts looking for
the first data byte address, 0. The interface then latches the data byte into the
corresponding output data latch. When address 6 is detected, all data have been Toad-
ed and are ready for the printer where a print strobe is generated. When the printer
responds with a BUSY signal, the BCD Interface holds the output data stable and does
not accept any more data from the MB-302 unti] the printer BUSY line goes high, ini-
tializing the interface for the next block of data.

5.6.7 MODULE POWER SUPPLIES

The unregulated mainframe voltages of +34 and +17 are the inputs to voltage regulators
located on the rear and side of the module. The +34V and -34V drive the +15V and -15V .
regulators with loads of much Tess than 1A. The +17V is regulated to +8V which pro-
vides power to the micro-circuit amplifiers and is also the input to a +5V regulator
located on the clock source board. This voltage is used for TTL Togic circuit power.
The -17V is regulated to -5.2V high current supply using a combination of a three-
terminal regulator and boost transistor. This voltage is also used to drive a pc
board mounted -2V regulator which supplies the termination voltage for the high-
speed ECL circuits.
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5.7 GPIB OPTION

GENERAL

MESSAGE
Format

Ident

CNTR
Mode

SYNC
que

Interngl

REF DATA
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A1l front-panel controls, except CLOCK/DATA INPUTS PHASE and MANUAL SYNC
switches, can be remotely controlled by a GPIB-compatible controller.

The controller connects to the rear panel of the MF-5 Mainframe.
associated Address/Control switch, also on the rear panel of the MF-5,

must be properly set for the type of operation desired.

replaces the standard printer output.

The message consists of five digits (in ASCII code) followed by a

terminator.

Ident

CNTR

~ Mode

SYNC
Mode

REF
DATA

BER
EXP

Termi-
nator

Digit
3

Digit

W N D

' o
—
~A ! B WM o O
ke
ot

o
s
s
ot

W N = O

Meaning
MB-302

Meanin

Bit error rate-Manual range
Bit error rate-Auto range
TOTALIZE

Clock frequency

Meaning

Auto synchronization

Manual synchronization] Burst
EXT COMMAND sync mode

EXT REF DATA enabled
Auto synchronization

Manual synchronization] Burst
EXT COMMAND sync mode

EXT REF DATA disabled

Meaning

27w1 pseudorandom pattern

215~1 pseudorandom pattern
220-1 pseudorandom pattern
223-1 pseudorandom pattern

This option



Digit Meaning

4 Any 16-bit pattern

5 ITlegal

6 I1legal

7 [1legal
BER Any number in ASCII code between 2 and 9 inclusive, Terminators recog-
Exponent nized are Comma, CR and LF. Alternatively, an EQI signal may be used

Terminator as the message terminator.

Measurement Place the MF-5 in TALK mode following GPIB protocol. The MF-5 will

Qutput now send measurement and status data back to the GPIB controller when
available. No prior module ID setup is necessary since the MF-5 inter-
face will support only one GPIB talker module. Whenever a measurement
is available, the MB-302 will load the measurement value and status
bits into the MF-5 GPIB interface. If addressed to talk, the MF-5 GPIB
interface will immediately send an ll-character (ASCII code) message
containing a space between the status digit and measurement {(including
overflow) digits, followed by the terminators CR and LF.
STATUS | SPACE | OVER- MSD énd | 3rd | 4th | 5th | LSD | CR |LF

DIGIT FLOW
o DIGIT

Definition of the digits are as follows:

STATUS DIGIT:

ASCII SYNC IN

DIGIT LOST SYNC

0 FALSE FALSE

1 FALSE TRUE

2 TRUE FALSE

3 TRUE TRUE

+ FREQUENCY MEASUREMENT

OTHER
YALUES ILLEGAL

OVERFLOW DIGIT:

+ QOVERFLOW TRUE
SPACE OVERFLOW FALSE
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Service
Request
Serial
Poll

5-26

MSD THRU LSD:

Decimal numbers, period, or minus sign
MEASUREMENT FORMAT (MSD FIRST)

BIT ERROR RATE A . BC - D

TOTALIZE ABCDEF

FREQUENCY ABCDEF (in kHz)

Measurements become available at the end of the measurement gating
period. This happens automatically in all counter modes except
TOTALIZE. For a TOTALIZE measurement, the gating period is infinite;
thus, the MB-302 will not automatically generate a measurement output.

~ The controller can request the current total error measurement by

issuing a group execute trigger (GET) while the MF-5 is addressed to
LISTEN. A service request will be generated if enabled.

When the MB-302 has a measurement available, and the MF-5 is not
addressed to talk, a service request (SRQ) will be generated if the
SRQ INHIBIT switch on the rear panel of the MF-5 has not been set.
This alerts the controller that a device on the bus needs service.

The normal controller response would be a serial poll to determine
which device needs service. When serial polled, the MF-5 will respond
with 41 (hexadecimal) to indicate that it needs service. If the MF-§5
does not need service it responds with 00 (hexadecimal).

When power is first turned on, the SRQ interrupt will normally be pre-
sent if enabled at the rear of the MF-5 Mainframe. In the bit error-
rate or frequency mode, this is caused by the termination of the first
measurement. In the totalized mode the interface card and the MF-5

will load the data present at its fnput into its buffer. When power

is turned on, either the mainframe rear-panel RESET button should be
pushed, or an IEEE-488 IFC should be issued. SRQ may be cleared by
issuing an IFC in bit error-rate or frequency modes. O0f course, SRQ
will be set again when the next measurement is completed. In the total-
ized mode the only way to clear the SRQ interrupt 1ine is to address the
MF-5 as a talker and turn off the ATN signal. No actual data transfer
need take place, unless desired.



DISPLAY
TIME
Controil

Manual
Synchron-
jzation

Burst Mode

Manual Bit
Error Rate

Automatic
Synchroni-
zation

Changing
Measurement
Modes

The DISPLAY TIME control, along with the other slide switches on the
A1l slide
switches are always under local control. Care should be taken to see
that the DISPLAY TIME contrel is set to either 1 second or 10 seconds

front panel of the MB-302, is not under remote/local control,

when the MB-302 is under GPIB control. If the DISPLAY TIME control is

set to hold, the MB-302 will not make continuous outputs to the GPIB
controller. Measurements will stop after 1 measurement is taken, un-
tess the GPIB controller issues a DCL or SDC bus command to initiate
another measurement.

When the GPIB controller places the MB-302 into the manual synchroniza-
tion mode, it cannot initiate a manual synchronization attempt. This
can only be done by pushing the front-panel MANUAL SYNC pushbutton,
which is always active: independent of the remote/local mode.

In Tocal operation, the burst mode is indicated by the position of the
external command pushbutton. Under GPIB controi, the controller can
place the MB-302 into either the burst or the non-burst mode.
there is no way to indicate which mode has been selected on the front-
panel of the MB-302 since the physical position of the external command
pushbutton does not reflect the GPIB setting.

However,

When the manual range-bit error-rate is selected by the GPIB controller,
it can also select the exponent.
an automatic incrementation of the current exponent until it equals the

The exponent will always be found by
exponent selected. The front-panel “up" exponent pushbutton is also dis-
abled, but would interfere with the exponent selection if held.
fore, when under GPIB control, do not push the front-panel "down" ex-
ponent select pushbutton.

There-

When under Tocal control, automatic synchronization also means automatic
pattern selection. When under GPIB control, automatic synchronization
does not mean automatic pattern selection.
selection under GPIB control is auto/synchronization only, not auto/
pattern selection.

Pattern auto/synchronization

When changing modes to make a new measurement, a sync or overflow error
will occur. This is due to the previous measurement data being held in
the output latch of the interface card.
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Reset

GPIB
Interface
Card prior
to serial
number
8301001,
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[t is recommended practice to reset (DCL, SDC) the MB-302 immediately
after changing the COUNTER MODE or any control function to insure a valid
measurement., If a reset is not issued, additional measurements of the |
previous counter mode wiT? have to be accepted before measurements of the .
new counter mode are available. After a reset, a valid new measurement
will be immediately availabie, except for the earlier software versions
as described beiow.

A measurement is almost always held in the software buffer, even after
the hardware buffer {earlier version), has been cleared {per above).
Consequently, 1in order to clear the buffer, an additional measurement of
the previous mode must be accepted after the COUNTER MODE has been :
changed on the MB-302. This is especially true when changing from the
FREQUENCY MODE to another mode; f.e., it becomes necessary to accept an
additional frequency measurement whenever a FREQUENCY MODE change 1is
made.

In the TOTALIZED MODE, however, a measurement will not usually be waiting
in the software buffer unless commanded by a GET command, and not
serviced. That is, measurement entry into the software buffer is to be
under user control via the GET command. Therefore, it is up to the

user to determine from his controller software, whether or not he has -
serviced the last commanded totalize transfer before changing to the
COUNTER MODE. If he has, there will not be any totalize measurement

in the buffer after the COUNTER MODE has been changed.

Similarly, when changing from either of the bit error rate modes to
another mode, the occurrence of a measurement left in the software buffer
will, as a rule, depend on the bit error rate range in manual, and on the
actual bit error rate of the system in automatic.

Naturally, transfers to the software buffer will occur every time a valid
bit error rate measurement is made. For example, in the manual bit error
rate mode, these transfers will occur at the end of the measurment window
as commanded by the user after setting the bit error rate exponent. In
the automatic bit error rate mode, the end of the measurement window will
depend on the actual error rate in the system under test. Therefore, it
s not always possible to predict whether or not a bit error rate
measurement will be Teft in the software buffer after the COUNTER MODE
has been changed.

-



5.8 SERVICE

DANGER: Hazardous voltages exist in this equipment. Do not attempt access to the
interior without first disconnecting the line cord from the power receptacle
to the MF-5 Mainframe.

5.8.1 ROUTINE SERVICE

Routine service includes the performance of checks and service procedures which
prevent or minimize the downtime of the unit. The checks and service are simplified,
and may be limited to visual inspection for defective components, loose hardware and/
or accumulation of dust within the unit at critical areas,

NOTE: It is recommended that periodic cleaning (approximately once every three
months) of the interior and exterior of the unit be done with a vacuum
cleaner.

Refer to Section 5.3, INSTALLATION, for module removal.

Board Seating

Ensure that all printed cicuit boards are securely seated in their connectors as
shown in the illustration below.

1

el

FRONT PANEL BOARD

OME ADAPTER BOARD

B=& A

MB-302
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5.8.2 REPAIR RETURNS

For mechanical damage or electrical malfunctions, refer to Page 11, REPAIR RETURNS.

5.8.3 ASSISTANCE

For service assistance call the Tau-Tron Customer Service Dept., (617) 256-9013.
Their experience and expertise can often save you valuable time in correcting any
equipment malfunction.

5.8.4 TROUBLE ANALYSIS

DANGER: Hazardous voltages exist in this equipment. Do not attempt access to the
interior without first disconnecting the line cord from the power receptacle
to the MF-5 Mainframe.

DC Voltages

WARNING: While measuring the -5.2V DC power supply, ensure that utmost care is
taken. A power supply could be either severely damaged or completely
destroyed if it is accidentally shorted to ground.

Verify that the DC votages are correct by measuring them on the Code Resync circuit
board. Refer to the illustration below for the proper measurement points,

CODE RESYNC FCB

+8vY -
8 (} icen1,
Y O ———icsoae
CLK IN {0 CLK IN , | REAR
FRONT PANEL
L} REF REF DATA N -8 2v )-——---—46002,5
;:,f:, DATA IN —{JO
PCB | paTA In _{JO DATA IN .
ND (). Jeo1,
GND LuG |

If the correct voltages are not indicated, consult the factory.
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Calibration
Routine calibration is not normally required except in the following situations:

a. Failed component or circuit. Consult factory for further details.
b. Harsh environment; typical environment is: '
Temperature 32 to 95°F (0 to 35°C)
Humidity 0 to 95% RH max at 20°C, non-condensing.

Any calibrations or technical adjustments other than the situations mentioned above
should not be made during the Warranty period unless otherwise authorized, Consult
factory for further details. (Refer to sections 5.2 and 5.5, SPECIFICATIONS and
OPERATION, respectively, for proper switch, control, level and LED indicator
settings.)
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7. PARTS

7.1 REPLACEABLE PARTS

This section contains a listing of all electronic components and mechanical parts
subject to normal wearout or failure. In the index shown below, table 7-1 is described.
The table references the replaceable parts according to Tau-Tron Part no., description
and quantity required.

Table Description Page

7-1 MB-30Z BERT Receiver 7-3
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TABLE 7-1
MB-302
BERT Receiver
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MEJQ2 EERT RECEIVER

CCMENNENT
1TEM NC.

8000=0044
BCO00=-Q071!
840C~-0Q072
3C00~-0614
AC00~1202
BC00-1203
80Q0-9020
9202-0004

9202~0092A

GE1S5~4424
FE2S~4424
9E4S~4362
IELE~4364
FE45S~4431
FESS~4429
970E-4410
970S=-4433
9708-4434
3705-4528

CESCRIPTICM

SCREW PANHL NMET NOL4-40XS/16
SCREW PMHE NET AC.S=40X1i/4
SCREW PANHC MET NQO.S=-4gx3s8
SCREwW FLTHD NET A(.4-40X5/16
LCCKXWASHER NCa4 INT TCCTH
LCCKWASHER ANCsS IANT TCOTH
MCDULE THUMESCREWw B-62013
PIN RECEPTACLE SMNAP-CA

HEX NULT FLR 9303~0092

ME302 FRONT FANEL ASSY

ME302 REAR PANEL ASSY

ME3C2 COUNTER PCB ASSY

ME202 CCDE RESYNC PCE ASSY
MEB302 BCD INTERFACE FCEB ASSY
CABLE ASSY FLAT 16 £0sS
MCDULE SICE CCVER

PCB HCLDER EBRACKET

PC CARD HCLLCER EBRACKET

BERTS J25 MCDULE RAJILS

GUANTITY
FER

£.0CC
g.0CC
e.occ
12.0C¢C
g.0CC
g«.C0CC
2.0CC
E.CCC
£.0C¢C
1.0CC
l.0CC
1+0CC
1.0C¢C
1.0CC
2.0C¢
2+0CC
4.CCC
2.0CC
l1.0CC
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MEJQ2 FRUNT FANEL ASSY

CCMEDNENT
ITEM NO.

8C00-Q044
BCOQ0~-1202
GE4S-4386
GESE~45E9
7085~ 4420
9725~=4417
3735-6414

DESCRIFTICN

SCREW PNRD MET NC.8-40XS/16
LCCKWASKER NCa4 INT TCOTH
MEJQ2 F/sP DISPLAY EL ASSY
CABLE ASSY CCAXIAL

MEJQ2 FRONT FANEL FINISHED
MEJOZ DISFL.AY WINDCw

SPACER MET HEX 043531 LG

QUANTITY
FER

4.0CC
"eQCC
l1.CCC
3.0C¢C
l.0CC
1.0CcC
4.0CC






MEZ2Q2 REAH PAMEL ASSY

COMPONENT
ITENM NQ.

3022-130Q0
dCc22-2120
0Q22~31 <50
0g22-33¢Cn
1Cl4=4610
1024-2110
lLg24~5147
1C24~-5210
2101-400Q1
318¢-30s5
4200=340KE
4201-320KS
8C0C0~004as
3000-C04a7
2Q000-08cCa
B8000=-1002
EC00~-12G2
BEO0~1302
8000~ 1508
3C00-6000
BEQQO~6001
2C00~-6002
33060~0103
FES5~4440
3705=-4426

CESCRIPTICMN

RES CLCwMp 3 OQFN SF 1/4w
RES CCMP L2 O+M SPE 1/44%
RES CCMe LS50 CrVM SE L/4n
RES CCMF  3C0 ChHM SE 1/4w
CAP CER 0.1 NFC 20F 3C¢0V
CAP ELEC I MFQ 3€avELC

CAP ELEC 447 MFLC 20P 3ISwvlC
CAP ELEC 1C MFC J48wwLC
DIOEE RECTIFIER 1N4OQOL
TRNSTR NPN PCWER 2MN30S5

IC LINEAR REGULATCR LMI40KE
IC LINEAR RECULATCR LM3IZOKS
SCREW PAHLC NMET NCo4—40X2/E
SCREW PNHD NMET NC.4=40X1/2

SCREW SLF=TAP 6 X 1,2 TYPE @

NUT HMEX MET NC.4-49
LOCCKWASHER NCe4 INT TCCTH
FLAT WASHER FMET NC.4

LUG SCLOER ANGLE NQ.4
BUSFING INSULATING TC-3
WASKFER INSLLATIMG TC-2
SCCKET T10-3 MCUNTING

COCNN PLLG FANEL MNT 24 pPCS
CAHLE ASSY FLAT S0 PCS
ME3O02 REAR PANEL MACHINED

GUANTITY
FER

l.QCC
1.0CC
1.Q0CC
2.0CC
2.0C¢0
2.0CQ
1.0¢CC
2.0CC
2.0CC
1.0CC
2«.Q0CC
1.CCQC
2.0CC
10.CCC
8.,0CC
12.0CC
5.0CC
44C0C
7aCCC
Ba.0CC
4.0C¢
4.CCC
100C
1«0CC
l1.000
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ME202 F/P CISFLAY 80 ASSY

COMEONENT
ITEM NQ.

0Q12-15€0
0012~222¢
0G12-2470
0g12-2510
gQ12~3120
0012-31€0
0Q12-3220
0012-3270

0¢12-3350 -

CCi12-3470
0012-41C0
0C12=4470
0012-4510
0Q12-62G0
0Qg22-2510
cQ22-3730
0233-210Q0

0333-35Q00J4
0333-41C07

1013-8510

1013-8S10€

1064-1233
10684~-4210
1084~4710
2112-4148
2274~5274

. 2274-5374

22745774
3224-4401
3224-44073

. 4012-4490

46124520

£ 4012-74C912
- 4C12-7aL508
- 4012-745139

4012-7408

| 4S13-0308

4S13-7683

 AE13-7726

8000-2403

F9201-G0023

9201-Q0Q07

. 9208-0011

£ 9205-0012

3300~0030

1 9300~004R
. §303-0081

9303-0082

CESCRIPTICN

RES CCMFE  S.86 OmM SF 1/E8w
RES CCMP J2 COrMM S8 L/Ew
RES C(CMP 47 GHM SFE (/78w

RES CCMF €1 CHM SFE L/EnW
RES CCMF 120 CFM SE 1/E%
RES CCMF 160 CHM SF 1/Ew
RES CCMF 220 Okwv SE 1/&w
QRES CCMP  27C 7H¥ SF 1/8w
RES CCMP 390 CHN SF 1/Ew
RES CCMP 470 CkNM SP 1/8w
RES COMF 1 KCHM SF 1/6%
RES CCMP 4.7 KOHM SP L1/8w
RES CCMP S.1 KCHM SF 1/&Ew
RES CCMP 20C KCHM SFE 1/Ew
RES CCMF €1 CHM SF 1/4w
RES CCMP 750 OMM SP 1/aw
RES VAR 10 CHM LGOF 1/2%

RES VAR S00 CHM LCF 1/2w

RES VAR 1 KCHM [0F 1s/2w

CAP CER .01 NFC 2CF 2G0V

CAP CER +C1 MFD 20P 1GQOV 0.1SP
CAP MIN=TANT 33 MFLC 10wvCC
CAP WMIN~TANT 10 MFO 2SWVECC
CARP CFIP 01 MFD SOwWVGC
DIODE GEN PLRPOUSE IN4148
DICDE LED GREEN MVS274C
DICCE LED YELLOW MVS52374C
DICCE LEC REC MVS774C

TRNSTR MPN AMPLIFIER 2N4401
TRANSTR NPMN ANPLIFIER 2N44Q2
IC CMCS MC1449QBCP FLSTC

IC CMCS MC14S20BCF PLSTC

[C CMCS MMTACY12

IT TTL SN74LSOBN PLSTC

IC TTL SN74$139N PLSTC

IC TTL SN7408N PLSTC

IC CISPLAY TIL308

IC CISPLAY HF SC82-7653

IC CISPLAY HF $S082-7716
SPACER INSL CLRARC a4 X 7/16
SWITCH SLICE CR&T SS24
SWITCF SLICE OFDT MSSA23%0
SwlTCkF P8 MAINTAINELD LTO YEL
SWwWITCF PB NCMENTARY LTO YEL
SCCKET IC 1€ PIN LOw FRCFILE
SOCKET IC 14 PIN LOW FRCFILE
CCNN EDGE CULAL 22 PQOS PC MNT
COCNN EDGE DUAL 38 FC3 ©C MNT

GUANTITY
FER

2«CCC
H.QLCCT
2.0CC
2.0C¢C
7CCC
1+CCC
12.0CC
J«QCQ
2.0CC
$§.000
4 CCC
2.C0CQO
1.0CQ
lL«CCC
£.0CC
2.0C0
2+0CC
2:0CC
2.0CC
7.0CC
17.0CC
4 .00CC
4.,0CC
4.00C
2.03CC
2.0C0
Se.QCC
‘S«QCC
65.0CC
2-CCC
t«00C
[ .0CQ0
lL-CCQC
2.00¢C
2.0CC
1.0CC
l.CCQ
6«C0C
l.CCC
186 .00C
1.QC0
J.0CC
i« 0CC
7.0CC
l.0CC
7.0CC
i.0CC
l1.0CC






MEI0Z F/r DispLaAY B0 ASSY

CCMPOMNENT
ITE» NO.

9303-0092
9306-C004
F304-003a
F3I0€-0035%
FEHT-9083
FEART-54 259
FESCH=~543%57
SE€QE~4a38a

DESCRIPTICN

BNC RECEPTACLE PCB MNT
SCCKET FIN LOw PRCFILE
CCNN FCE +DR MALE STRT 20
CONN SOCKET FEMALE 20 pgs
MASS50M MCKT ASSY

ME302 FRORT SaANEL DIsSFtL ay
MB3C2 FRCNT PANEL OISFLAY
MB8302 FRONT PANEL ClisSPLAY

aCs

rCa

PCE

GUANT I TY
FER

G000
24.0CC
L.0CC
leGCC
2.0CC
1-QCC
l1.0Cg
l.0CC
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ME2C2 CCUNTER PCE ASSY

CLAPONENT
ITEM ND.

0012-31280
0012~3350
0CL2=41Q0
0012-42G0
QG12-4470
0912~4510
001 2-51CQO
n012-8510
1¢12-8310
1013-8322
1013-8347
I10t3-AS10
1064~0847
1064~-1223
2112-4148
4Cl2—-4072
4012-74L5QQ
4Q12-74LS504
4Q012-741508
4012-74L.5123
4012-74LS1 38
4912~74LS515%1
4Q12-T&LS1IS7
4012-741.5161
401 2~-741.5192
4012~74L 5257
4C12~-74L532
4Q12«74L549Q
4C12~T4LS574
4012-74276
4012-7439Q
4160-0558
*080-1001
93QC—=0048
9203-00G3
9206-Q012
9214=0011
9314-0012
SEART=-54361
SESCH«54360
FE605~4361

QUANTITY

DESCRIPTICN FER
QES CCMP  1BQO CHN SF |/Ew 2.0cC¢
RES CLMP  3GQ0 OMM SE 1/84w Z.00C
RES CLMP 1 KOFM €P 1/8u 10.6CC
RES CCMF 2 KOHM SE 1/Fw 16§ CCC
RES CCMP 4.7 KOKN SB L/Ea 1.0¢0
RES CCMP 2,1 KOHM SF 1/8% 1.0CQ
RES CCMF 10 KCHM SE 1/8W " 1.0CC
RES CCMP S1 KCHM SF {/&4 1.0CC
CAP CER 100 BF 20P 2CQV 2.0C¢
CAP CER 220 PF 20P 200V 1.0CC
CAP CER 470 FF 20P 2Q0CV 1.0CC
CAP CER .01 MFC 20P 200V 1g.0cCQ
CAP MIN=-TANT 47 MFD 8aVvCC 2.0CC
CAP MIN=-TANT 33 ¥FL 10WVCC 2.0C0
DICDE GEN PURPOSE IM4l48 3.0cCe
[C CMCS MC14072BCFE PLSTC 1.06C0
IC TTL SN74LSOON PLSTC 2.0CC
IC TTL SN74LSO04N PLSTC 2.0C¢C
IC TTL SN74LSO8N PLSTC 5.0CC
IC TTL SN74LS122N PLSTC t1.0CC
IC TTL SN74LS138N PLSTC 1.0CC
IC TTL SN74LS1%IN PLSTC 1.CC€C
IC TTL SN74LSIS7N PLSTC _ 3.0qc
IC TTL SN74LS1AIN PISTC 2.0CQ0
1€ TTL SN74LS192N PLSTC l.0CC -
IC TTL SN74LS2ZS7N PLSTC £.0CC
IC TTL SN74LS32N LSTC 1.0¢C
IC TTL SN74LS4SON PLSTC 9.0CC
IC TTL SN74LS74N PLSTC 5.0CC
IC TTL SN784276N PLSTC 2.0CC
IC TTL SN743G0N PLSTC 1.CCC
IC LINEAR NESSSEA 1.0CC
ASC 1 MHZ 14 PIN DIFE 1.00¢C
SCCKET IC 14 PIN LOW PRCFILE l.0C¢C
CCNN FOST MALE 2.00C
CCNN PCB HCR 16 PIN Q.062 PCE 2.0CC
STIK POST C.10 CTRS £.00C
JUNFER FOR STIK FCST Q.10 CTRS 2.00¢C
ME302 CCUNTER PCE t.0CC
ME302 CCUNTER 1.0CC
ME302 CCUNTER PCE 1.CCQ
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MEJ02 CCLCE RESYNC PCE ASSY

COMBONENT
ITEM NO.

0012-2510
0012-27%0
0g12-3100
0Cl12-=3470
0012-~41C0
0C12-5100
0Q22-27%0
0022-3120
0333-4100T7
Na22-3100
0822-3470
1013-8510
1014~2410
1024-5110
1064~122232
1064-3747
1¢84~4710
2i112-4148

4C12~10K1 18

4C12-1001¢€
4012=-10102
4012-101058
4012~10124
401210125
4012-10131
4Q12~10141
4012-10178
401 2-10198
4gL2-10211
40L12-10212
4012-1023}
4012~11C70
4C012-1662L
4Q12-1672L
4012-16703L
401 2-1688F
401 2-16G2L1L
405E~0102

4Q058~Q131

4201=337T

AC0Q~-C04as

3¢00-1002

300Q=1202

3100~0118

330t—-00€0aA
$303~-0003

9EART-S4365
FESCH~54364

GE0S~43€5

BESCRIFTICN

RES
RES
RES
RES
RES

RES.

RES
RES
RES
RES
RES
CAP
CaAp
cap
CaAp
Cap
cap

iIc
1<
Ic
1<
ic
IC
1<
IC
I1C
1C
1<
Ic
I1C
1<
IC
Ic
Ic
IC
I1C
IC
1C
IC

MEJC2 CODE RESYNC 9CE8

cEwm
CCM™
cLwM
cCw

cimp
COME

oM
CLM™
VAR
SIP
SIP
CER
CER
ELE

F 51 CHM SF
P 7% Cr¥ SF
F 100 Ch™ SF
P 47C QRN SP

1 KOHM S5
10 KCHM SE

F 7% OwN SP
F 120 CH¥ SFE
10F 1/2%w

1 KCHM™
8FIN
8FIN

L/7&w
178w
17E8%
i/ Ew
1L/Ew
1/ Ew
174w
1L/ 4w

100 Chwv 2F
470 CHN 2P

«Q01 MFC 20P 200V
LCOQ PF 2CFP 200V

C i

MFL 3ASavEC
MIN=TANT 32 WFD

Colwn
Jelw

10wNviC

MIN~TANT 4.7 MFD 20wWvVCC
P «01 MFD S0%viC
DICDE GEN PURPCSE IN4&14E
¥CIO0K11EF FLSTC CIP

18 o |

ECL
ECL
eCL
ECL
ECL
ECL
ECL
ECL
gCL
ECL
ECL
ECL
ECL
ECL
ECL
eCL
ECL
ECL
ECL
ECL
ECL

F10Ql€CC
MCl101029P
BClO1CSP
MC10124P
FCLIOL1Z5P
MCIDT21LPRP
¥C101l41P
MC10178F
MCioirs8r
¥yC10211P
MClIQ212FP
MC10231P
F1i1C7CDC

CER

PLS5TC
PLSTC
PLSTC
PLSTC

-PLSTC

PLSTC
PLSTC
FL3TC
BLSTC
PLSTC
PLSTC
CER

MC1E662L CER
MC1672L CER
MC1E78L CER
MC16E88F CER
MC1692L CER

FL1001Q2FC
FIQO0131FC

LINEAR REGULATCR LNM227T
SCREW PAHC ¥MET NCs4a—acx2rsa
NLT FEX MET NC44—40
LCCKWASKFER N4
HEAT SINK FCR TAE MAT THRANSTR
COAM COAXTAL PCE MNT
CCOCNN FOST MALE
MB302 CODE RESYNC FB(CH®
“EJ02 CLDE RESYNC

INT TCOTH

GUANTITY
FER

11.0¢CC
Je.QCC
74.0CC
l4.0CC
11.0CQ
1.40CC
1.0CC
l1GCC
2.0C0
g.0CC
2.00¢C
€7.CCC
J.Qcc
2.0C¢
€. CCC
1.CCC
8.C0CC
1.CCC
l.CCC
1.CC¢C
4.CCC
1«40CC
J0CC
J.QcCC
1.CCE
S.QCC
1.0CC
1.0CC
2.0CC
l.00C
£.0CC
1.00C
4.0CC
1.0CC
2.0CC
4.QCC
ls0CC
1.0CC
1.CCC
1.CCC
t.CCC
1.00¢C
1.0C¢C
1.00¢C
Je«QCO
4.00C
lL.0CC
1.0CC
1.0CC
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¥E302 BCC INTERFACE PCE ASSY

CCMPOMENT
ITEM NQo.

9Q22~3100
0g22-3180
0022~3390
0022-4200
Qg22-51C0
0233-61008
1013~-8233
1C13-851CE
1014-8410E
1064~-1233
1L364=3747
4012-74L500
4012—-74L502
4012-74L504
4012-74L511
4Q12-74L5123
4C12~74L51 38
4012-74LS5157
4Q12-74LS175
40L2~74L.574
401 2-74LST76A
4012~-7407
91303-Q003
930&6-C012
330€~-0039
FEART=S54430
GESCH=54429
F€0S~4430

CESCRIPTICN

RES CCMF 100 CHw»
RES COMe LEQ QOFWw
RES CCMP 390 kM

RES CCME

RES CCMp 10 KUHM
RES VAR 100 KCHw
RE 2Q0FP 24Qv

CAP CER 22

SFE 1746w
SR /4w
SFE 174w
SF 1/74M%
SEF L/4w
1O0F 1.2%w

CAP CER +C1 NFEC 20F 160V Q.LlSP
CAP CER 1000 PF 20P 100V 0.1SF
CAP MIN=TANT 33 MFD 1GQwVCC

CARP MIN=TANT 4.7
IC TTL SN74LSOON
IC TTL SN74LSO02ZM
IC TTL SN74LS04N
[C TTL SN74LSL1IN

MFD Z0wyvrC
PLSTC
PLSTC
PLSTC
PLSTC

IC TTL SN74LS123N FLSTC
IC TTL SN74LS13E8N PLSTC
IC TTL SN74LSLIE7N PLSTC
IC TTL SN74LS17SMN PLSTC
IC TTL SN74LS74N PLSTC

IC TTL SN74LS7EAN FLSTC
IC TTL SN7407N FLSTC

CENN POST MALE

CPNN FCE HOR 16 PIN 0.062 PCR
CCNN PCB FDR MALE SO0 POS
ME302 HCD INTERFACE PCE

ME3L? BCD INTERFACE

ME302 8CD INTERFACE FCB

QUANTITY
FER

L.CCC
4.CCC
4.0C¢C
13.QC¢C
Je0CC
2.0CC
1.0CC
E.0CC
l.CCgo
1.0CC
2.000
lL.CCC
l.CCQ
2.0CC
leGCO
2.0CC
l1.CCC
J.0CC
&6.0CC
t.QCC
1.0CC
1eQCQ
24000
2«:0CC
l1.0CC
1000
1.Q0CC
1«0CC
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MEICZ2 CGFIE JOPTICAN xXIT

CCMPONENT
ITEM NO

F3E45-4543
GCSE-4552

DESCRIPTICN

MBE302 GFIE ACAFTER FCE ASSY
CABLE ASSY FLAT 20 BCs

GLANTITY
FER

l.QC¢C
fl.CCC
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NE3I02 GPRIE ACAPTER PCB ASSY

COCMPONENT
ITEM ANQDa

0012-3100
CC12-2180
QQ1l2~33%0
Q1 2-43C0
0C12-4510
1€13-a8315
1C13~8S10E
1C14-8210
ig14~-8410
1064-1233
AClZ2=T4LS00
4Q012-741.5Q02
4012-74L504
4912-74LS511
4Q12-74LS51223
4912~ 7415128
4012-74LS187
4012-741L.S5174
401 2-74L8175S
4012~T4L 574
4012~74LS76A
4Q012-7407
4Q012~7485
9303~0003
9206=-0012
930€-0029
3206-Q044
9314-0011
3214—00C12
FEART=54482
SESCH—-54481
S€Q0S—-4482

DESCRIPTICN

RES CCM™E
RES CLME
RES CLCMF
RES CCMp 3

RES CLMP S,1 KOHW¥™

100 Ch¥
180 CkWw™
3S0 Jww

SF 1/7Ew
SF 1/Enw
SF L/EWw
EF 1/ Ew
P 1/8w

CAP CER 150 FF 10F ZQQV

CAP CER .01
CaP CER

MFL 2CF 1C0V Q. L1SP
10 PF 20F 2COV

CAP CER 1COC PF 20P 2CQV

CARP

IC 1TTL
IC TTL

IC TTL SN74LS04A

IC 77L

IC TTL SN74LS123M
1€ TTL SN7aLS12eN
IC TYL SN74LSLSE7?N
[C TTL SNT6LS174N
IC TTL EN74LS17SN

IC TTE

IC TTL SHTPA4LST6EAN

IC TTL
1IC TTL

CONN
CCNN
CCNN
CONA
STIK

JUMFER FOR STIXK FCSY G.1C C¥RS

GF18
GP1B
GFIE

FOST maLE

MIN=-TANT 32 MFD 1QwWVLC
EN74LS0CN FLSTC
ENT4LS0ZN PLSTC
PLSTC
SN7A4LE1IN PLSTC

PLSTC
FLSTC
PLSTC
PLSTC
PLETC

ENT74LS7aN PLSTC

FLSTC

EN74Q7N PLETC
SN7648EN PLSTC

FCB FCR 16 PIN -C.062 FCE

FCE MCR MALE

FCE +DR MALE RTAGL 20 FOS

50 POsg

FOST C.10 CTRS

ADAPTER PCE
ADARTER
ACAPTER PCE

GUANTITY
FER

1.0CC
4.0€C¢C
4.00C
25.0¢C
2.¢0¢CC
1.0¢¢C
19.6CC
1.0CC
1.0cC
t.cCC
t.0cCC
LeCCC
2.cc0
1.0CC
1.0¢C0
1.0C¢C
7.0¢0
2.0CC
7.0CC
t.0CC
1.0CC
t.0cc
2.000
2.0c¢
2.0¢¢
1.0cq
1.00C
3.0€0
3.ccC
1.0€0
1.GC0
1e0CC

T-14






8. DIAGRAMS
8.1 GENERAL

This section contains Block and Schematic diagrams for the MB-302 module. Figures are
given in the table below.

TABLE 8-1
y DIAGRAMS
Figure Description

8-14 MB-302 Block Diagram
8-15 MB-302 Front-Panel Schematic
8-16 MB-30Z2 Code ReSync Schematic
8-17 MB-302 BCD Interface Schematic
8-18 MB-302 Counter Board Schematic
8-19 MB-302 Power Suppiy Schematic
8-20 MB-302 GPIB Adapter Schematic
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