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SHOULD YOUR EQUIPMENT REQUIRE SERVICE

A.  Contact the factory {609/452-2111) or your local factory
representative to discuss the problem. In many cases it
wiil be possibie to expedite servicing by localizing the
problem to a particular plug-in circuit board.

B. If it is necessary to send any equipment back to the fac.
tory, we need the foliowing information.

(1) Model number and serial number.

(2)  Your name (instrument user).

(3)  Your address.

(4) Address to which instrument shouid be returned.
() Your telephone number and extension.

(6) Symptoms (in detall, including control settings),

(7y Your purchase order number for repair charges {does
net apply to repairs in warraniy).

{8) Shipping instructions {if you wish to authorize ship-
ment by any method other than normal surface
transportation).

C.  UBS. CUSTOMERS—Ship the equipment being returned
to:

EG&G PRINCETON APPLIED RESEARCH
7 Roszel Road

{Off Alexander Road, East of Route 1)
Princeton, New Jersey

D, CUSTOMERS OQUTSIDE OF U.8.A.—To avoid delay in
customs clearance of eguipment being returned, please
contact the factory or the nearest factory distributor for
complete shipping information.

£.  Address correspondeance to:
EG&G PRINCETON APPLIED RESEARCH
P. O. Box 2565
Princeton, NJ 08540

Phone: 608/452-2111
TELEX: 84 3409

WARRANTY

EG&G PRINCETON APPLIED RESEARCH warrants each in-
strument of lts. manufacture to be free from defects in material
and workmanship. Obligations under this Warranty shall be
limited to replacing, repairing or giving credit for the purchase
price, at our option, of any instrument returned, freight
prepaid, to our factory within ONE year of dslivery to the
original purchaser, provided prior authorization for such return
has been given by our authorized representative.

This Warranty shall not apply to any instrument which our in-
spection shatl disclose to our satisfaction, has become defec-
tive or unworkable due to abuse, mishandting, misuse, acci-
dent, alteration, negligence, improper installation or other
causes beyond our control. Instruments manufactured by
others, and included in or supplied with our equipment, are not
covered by this Warranty but carry the original manufacturer's
watranty which is extended to our customers and may be more
resirictive. Certain subassemblies, accessories or com-
ponents may be specifically excluded from this Warranty, in
which case such exclusions are listed in the Iastruction
Manual supplied with each instrument,

We reserve the right to make changes in design at any time
without incurring any obligation to install same on units
previously purchased.

THERE ARE NO WARRANTIES WHICH EXTEND BEYOND THE
DESCRIPTION HEREIN. THIS WARRANTY IS IN LIEU OF, AND
EXCLUDES ANY AND ALL OTHER WARRANTIES OR REPRE-
SENTATIONS, EXPRESSED, IMPLIED OR STATUTORY, IN-
CLUDING MERCHANTABILITY AND FITNESS, AS WELL AS
ANY AND ALL OTHER OBLIGATIONS OR LIABILITIES OF
EG&G PRINCETON APPLIED RESEARCH, INCLUDING, BUT
NOT LIMITED TO, SPECIAL OR CONSEQUENTIAL DAMAGES.
NG PERSON, FIRM OR CORPORATION IS AUTHORIZED TO
ASSUME FOR EGA&G PRINCETON APPLIED RESEARCH ANY
ADDITIONAL OBLIGATION OR LIABILITY NOT EXPRESSLY
PROVIDED FOR HEREIN EXCEPT IN WRITING DULY EXE-
CUTED BY AN OFFICER OF EG&G PRINCETON APPLIED
RESEARCH.
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SAFETY NOTICE
(READ BEFORE OPERATING INSTRUMENT)

A. INTRCDUCTION

The Model 162 to which this instruction manual
applies has been supplied in a safe condition.
This manual contains some information and warn-
ings that have to be followed by the user to ensure
safe operation and to retain the instrument in a
safe condition.

The described apparatus has been designed for
indoor use.

B. INSPECTION

Newly received apparatus should be inspected for
shipping damage. If any is noted, notify EG&G
PARC and file a claim with the carrier. Be sure to
save the shipping container for inspection by the
carrier.

WARNING!
ANY INTERRUPTION OF THE PROTECTIVE
CONDUCTOR INSIDE OR OUTSIDE THE AP-
PARATUS OR DISCONNECTION OF THE
PROTECTIVE EARTH TERMINAL MAY MAKE
THE APPARATUS DANGEROUS. INTEN-
TIONAL INTERRUPTION 18 PROHIBITED.

The power cord piug provided is of the type il-
lustrated in Figure 1. If the provided plug is not
compatible with the availabie power sockets, the
plug or power cord should be replaced with an ap-
proved type of compatible design.

WARNING!

THE PROTECTIVE GROUNDING COULD BE
RENDERED INEFFECTIVE IN DAMAGED
APPARATUS. DAMAGED APPARATUS
SHOULD NOT BE OPERATED UNTIL TS
SAFETY HAS BEEN VERIFIED BY QUALI-
FIED SERVICE PERSONNEL. DAMAGED AP-
PARATUS WAITING FOR SAFETY VERIFICA-
TION SHOULD BE TAGGED TO INDICATE
TO A POTENTIAL USER THAT IT MAY BE
UNSAFE AND THAT [T SHOULD NOT BE
OPERATED.

L= LINE OR ACTIVE CONDUCTOR {ALSO CALLED "LivE" oR "HOT")
N =NEUTRAL OR IDENTIFIED CONDUCTOR
£ = EARTH OR SAFETY GROUND

C. SAFETY MECHANISM

As defined in IEC Publication 348 (Safety Re-
quirements for Electronic Measuring Apparatus),
the Model 182 is Class | apparatus, that is, ap-
paratus that depends on connection to a protec-
tive conductor 1o earth ground for equipment and
operator safety. Before any other connection is
made to the Model 162, the protective earth ter-
minal shall be connected to a protective conduc-
tor. The protective connection is made via the
earth ground prong of the power cord plug. The
power cord plug shall only be inserted in a socket
outlet provided with the required earth ground
contact. The protective action must not be
negated by the user of an extension cord without
a protective conductor, by use of an “adapter”
that doesn’t maintain earth ground continuity, or
by any other means.

Figure 1.‘ POWER CORD PLUG WITH POLARITY INDICATIONS

WARNING!

IF IT IS NECESSARY TO REPLACE THE

POWER CORD OR THE POWER CORD

PLUG, THE REPLACEMENT CORD OR PLUG

MUST HAVE THE SAME POLARITY AS THE
ORIGINAL. OTHERWISE A SAFETY HAZARD

FROM ELECTRICAL SHOCK, WHICH

COULD RESULT IN INJURY OR DEATH,

MIGHT OCCUR.

D. POWER VOLTAGE SELECTION

Before plugging in the power cord, make sure that
the instrument is set for operation from the
voltage of the ac power supply. '



| CAUTION!

THE - APPARATUS DESCRIBED IN THIS
MANUAL MAY BE DAMAGED IF IT IS SET
FOR OPERATION FROM 110 V AC AND
TURNED ON WITH 220 V AC APPLIED TO
THE POWER INPUT CONNECTOR.

A detailed discussion of how o check and, if
necessary, change the power voitage setting
follows.

The line voliage is selected by means of a rear-
pane! switch, FOR SAFETY, UNPLUG THE
POWER CORD WHEN CHECKING THE LINE
VOLTAGE SETTING OR WHEN CHECKING THE
POWER LINE FUSE {also located at the rear
panel). FUSES SHOULD ONLY BE CHANGED BY
QUALIFIED SERVICE PERSONNEL WHO ARE
AWARE OF THE POSSIBLE SHOCK HAZARD.
Depending on the switch position, either “115” or
2307 (both are printed on the switch) will be visi-
ble to the viewer. For operation from a line voitage
cof nominailly 115 V ac, the rear-panel fuse should
be a slow-blow {ype rated at 1.0 A with a voltage
rating of 125 V or higher. For operation from a tine
voltage of nominally 230 V ac, the rear-panel fuse
shouid be a slow-blow type rated at 0.5 A with a
voltage rating of 250 V or higher.

Make sure that only fuses with the required cur-
rent and voltage rating, and of the specified type
are used for repiacement. The use of makeshift
fuses and the short-circuiting of fuse holders are
prohibited.

WARNING!
TO AVOID THE POSSIBILITY OF A SAFETY
HAZARD FROM ELECTRICAL SHOCK
WHICH COULD RESULT IN INJURY OR
DEATH, DISCONNECT THE POWER CORD
BEFORE REMOVING OR INSTALLING A.
FUSE.

E. VENTILATION

The Model 162 does not incorporate forced air
cooling. However, with a power consumption of
nominally 50 watts, provision must be made for
adequate ventilation around the unit o prevent
the internal temperature from reaching unaccept-
ably high levels. This requirement is automatically
satisfled during bench operation in a typical
laboratory. If operated rack mounted, the user will
have to take care that the amblent temperature in
the rack not exceed 45°C.

F. DEFECTS AND ABNORMAL
STRESSES

Whenever it is iikely that the protection provided
by the connection to earth ground has been im-
paired, the apparatus shall be made inoperative
and secured against any unintended operation.
The protection is likely to be impaired if, for exam-
ple, the apparatus.

(1) Shows visible damage,
(2) Fails 10 perform the intended measurements,

{3) Has been subjected to prolonged sicrage
under unfavorable conditions,

‘(4) Has been subjected to severe transport
siresses.

Such apparatus should not be used untii its safety
has been verified by qualified service personnel.

G. DIGITAL STORAGE

Subsection 4.14 containg information relating to
the operation, installation, and calibration of the
Digital Storage Option. THE CALIBRATION AND
INSTALLATION REQUIRE THAT THE COVER OF
THE INSTRUMENT BE REMOVED, THUS EXPOS-
ING POTENTIALLY LIVE TERMINALS. FOR THIS
REASON, THE PROCEDURES OUTLINED IN SUB-
SECTION 4.14 SHOULD ONLY BE PERFORMED
BY PERSONNEL EXPERIENCED IN WORKING
ON ELECTRONICS CIRCUITRY AND WHO HAVE
AN UNDERSTANDING OF THE SHOCK HAZARD
INVOLVED. BEFORE REMOVING THE COVER,
DISCONNECT THE INSTRUMENT FROM ALL
POSSIBLE SOURCES OF VOLTAGE. Note that
there are capacitors inside the Model 162 that may
still be charged even if the instrument has been
disconnected from all voltage sources. For this
reason, after the instrument has been unplugged,
service personnel are advised to wait several
minutes before assuming that the capacitors are
safely discharged.

H. OPTIONAL FUNCTIONS

Subsection 4.13C contains information relating to
the operation, installation, and calibration of the
Optional Function circuit cards. Since these cards
cannot be installed without first removing the
cover, the warnings contained in the preceding
paragraph describing the safety considerations
for the Digital Storage Option apply as well to
these options.



SECTION |
CONDENSED OPERATING INSTRUCTIONS

. 1The Condensed Operating Instructions are provid-
ed as an assistance in placing the Model 162 Box-
car Integrator into operation as quickly as possi-
ble, or as a handy “refresher” if the unit has not
been operated in some time. Generally speaking,
these condensed instructions will allow good
results to be obtained in most instances. How-
aver, because of the brevity of these instructions,
considerations that may be critical in a particular
application have been foregone. Also, certain
assumptions are made regarding operating
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parameters, and these assumptions will not be
valid in all instances, In particular, operation of
the options is not discussed. If cperation with an
option {including digital storage) is intended, first
set up a simple “dummy’’ experiment and operate
according to the condensed instructions to gain
some operating familiarity with the instrument.
Next read Subsection 4.13C, which discusses the
various options. in any case, whether one intends
to operate with an option or not, it will prove ad-
visable to read all of Section IV to be assured of
valid measurement data in every application.
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SECTION 1i
CHARACTERISTICS

2.1 INTRODUCTION

The Model 162 Boxcar Averager can be combined
with one or two Modet 1683 or 164 Processor
Modules to form a gated signal-recovery system
of exceptional versatility. This system synchro-
nously samples the input signal with an aperture
that can be fixed at any point on, or slowly scan-
ned across, the input signal. The signal passed
through the aperture is applied o a variable time
constant integrator, the output of which is the
average of some number of repetitions of the in-
put signat over the aperture duration. Because the
average value of noise over a large number ¢f
repetitions is zero, an improvement in signal-to-
noise ratio occurs. If the aperture is fixed on a
single point of the input signal, the output of the
Processor Module rises asymptotically towards
the average value of the input signal at the sam-
pled point. If the aperture is scanned across the
input signal, the synchronous waveform is repro-
duced at the output at the scan rate.

The Model 162 Mainframe contains most of the
timing and controi functions, as well as the ocutput
signal-processing circuitry. There is provision for
supplying the gated-and-averaged signal from
either channei to the mainframe output. Alter-
natively, one can select the difference between
the two gated-and-averaged signals at the main-
frame output. With the addition of optional signal-
processing circuit cards, the Modet 162 can pro-
vide an output consisting of the product, ratio, or
log of the ratio of the two averager channel out-
puts. Use of the digital storage option allows
signals at extremely low repetition rates to be
averaged. Prior 10 being made available at the Out-
put connector, the mainframe output signal is
smoothed by a iow-pass filter. The time constant
of this filter is adjustable from 100 us to 100 s.

Front-panel delay controls are provided that per
mit the aperture in each channel to be delayed in-
dependently from about 5% to 1060% of the Delay
Range, selectable in 1-2-5 sequence from .1 s to
50 ms. Pushbutton switches give a choice of ex-
ternal, internal, or line triggering, and permit in-
dependent selection of manual or autematic scan-
ning for each channel. The scan time, the time re-
quired to scan the aperture across 100% of the
selected Delay Range, can be set to any value
from 10% s to 10% s, '

Each of the Processor Module types provides a
unique set of operating characteristics, allowing
the input parameters of the Model 162 o be op-
timized to a very wide range of signal-recovery ap-
plications. The Model 163 Sampled Integrator
module utilizes a Sampling Head to achieve aper-
ture resolutions from 100 ps to 1 ns according to
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the Sampling Head selected. The input sensitivity
is switch-selectable from 100 mV to 1V full-scaie,
There is provision for selecting the number of
sampies averaged and for baseline sampling. This
latter function provides automatic compensation
for dc drift and the effects of baseline wander.

The Model 164 Gated Integrator moduie offers a
choice of aperture widths ranging from 10 ns to
5 ms. Pushbutton switches allow a choice of 50 0
or 1 MQ input impedance, ac or dc coupled, and
the choice of either linear or exponential averag-
ing. Both the module gain and aperture duration
can be trimmed to provide an exact match bet-
ween modules if two Model 164°s are o be used in
dual-channe! operation.

Both the Model 163 and the Model 164 provide out-
put and aperture monitors, output reset swiiches,
and an QOverload lamp to indicate overioad. Both
modufes also provide a choice of the number of
samples averaged. In the Model 163, a single
switch selects the number of samples of which
the output is the average. In the Model 164, the
averaging Time Constant, together with the
selected Aperture Duration, determines the
number of samples of which the output is the
average.

The built-in flexibility of the Model 162 makes it
suitable for handling almost any application in-
volving the examination of repetitive signals. Use
of the ratic option in dual-channel operation, for
example, permits automatic source compensation
for fluctuations in the excitation power of pulsed
iasers and transducers. Dual-channel operation
also permits single-unit instrumentation in com-
piex experiments such as time-shared dual-beam
spectroscopy. As a single-channel or dual-
channel gated averager, the Model 162 is ideally
suited to such applications as time-of-flight
studies, plasma physics research, fluorescence
and phosphorescence decay, non-destructive
testing, and turbulence studies in fluid
mechanics. The use of plug-in signal channel
modules and plug-in optional signal-procassing
function cards, when combined with i{s many
built-in operating features, makes the Model 162
Boxcar Averager the most versatile gated signal

“averager available.

2.2 DESCRIPTION

2.2A INTRCDUCTION

In its simplest form, boxcar averaging is a process
of controlled sampling and averaging. The pro-
cess involves repeatedly measuring the amplitude



of a specific point on a repetitive waveform while
computing the average value of the measure-
ments taken.

in some applications it is desirable to observe the
shape of a repetitive waveform. This is accom-
plished in the Model 162 by time-scanning the
sampling aperture across the waveform. The scan-
ning rate is made slow enough to permit a suffi-
cient number of samples to be taken in each seg-
ment of the waveform to assure accurate results.
The outputin the scanning mode is a reproduction
of the input waveform slowed by the scan rate. An
X-Y plotter can be used to obtain a hard-copy rec-
ord.

2.2B BLOCK DIAGRAM DISCUSSION

{A more detailed diagram and discussion is

provided in Section Vi)
Timing and Manual Delay: Figure |I-1 is a simpli-
tied block diagram of the Model 162 Boxcar
Averager together with the Models 163 and 164
Processor Modules. Referring to this diagram,
note that a trigger signal synchronous with the
signal being examined activates the Aperiure
Delay Range time-base generator. This generator
produces a timing ramp (Figure 11-2) that begins at
time zero and continues to the end of the selected
Aperture Delay Range.

In manual operation, the Aperture Delay Range
time-base voltage is compared with the corre-
sponding % Initial Delay control voltage. The gate
opens at the time set by the % Initial Delay con-
trol. Each channel is provided with a separate %
Initial Delay circuit, permitting the sampling
switch of each channel to be operated at a dif-
ferent point on the Aperture Deiay Range time
base, if desired. Through the proper selection of
the Aperture Delay Range and the setting of the %
Initial Delay controls, any point on the repetitive
waveform under study can be sampled.

Automatic Scan: When the Scan Select switches
are set for automatic scanning, an internally gen-
erated scan ramp is aiso applied to the delay cir-
cuits. The % Initial Delay voltage and Scan Time
ramp voltage are summed and sent to the Aper-
ture Comparator which opens the gate. When the
% Initial Delay control is set to its minimum posi-
tion, the delay between the trigger and aperture
position is determined solely by the Scan Ramp.
Figure li-2 shows the time and amplitude relation-
ships between the Aperture Delay Range time-
base ramps, the Scan Ramp, and the aperture
position. As the scan ramp ascends, the voltage
applied to the Comparator rises, and the aperture
opens slightly later relative to the trigger time with
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Figura |I-1. SIMPLIFIED BLOCK DIAGRAM OF THE MODEL 162 WITH ONE M163 SAMPLED INTEGRATOR AND
ONE M164 GATED INTEGRATOR INSTALLED
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Figure i-2. TIME RELATIONSHIPS BETWEEN APERTURE
DELAY RANGE, TIME BASE RAMPS, SCAN RAMP, AND
APERTURE POSITION

each repetition. In effect, with each repetition, the
aperture is positioned stightly later on the Aper-
ture Detay Hange interval.

When the % Initial Delay control is adiusted to a
setting other than minimum, the comparator input
voltage is “offset” by the amount of the dialed ini-
tial Delay. As a result, the beginning of the aper-
ture scan is time-shifted; the resuliing scan is
confined to an interval bounded at one end by the
dialed Initial Delay, and at the other by the end of
the selected Aperture Delay Range.

Aperture Duration and Averaging: The Aperiure
Duration {time for which the Sampling switch con-
ducts with each repetition) depends on the Pro-
cessor Moduie type. In the case of a Model 163,
the aperture duration depends on the choice of
Sampiing Head. in the case of a Model 164, the
aperture duration is determined by the mainframe
Aperture Duration switch (this switch has no ef-
fect on the M1863), For the interval that the gale
conducis with each repetition, the input signal is
applied to an integrating network, represented in
Figure -1 as a resistor-capacitor network. The
capacitor charges towards the average potential
over the aperture duration interval at a rate deter-
mined by the network time constant. When the
gate is non-conducting, the input signal is discon-
nected, but the capacitor retains the charge ac-
quired. With each successive aperture opening,
the capacitor acquires additional charge. After a
sufficient number of repetitions, the charge on
the capacitor is essentially equal to the average
value of the sampled signal segment. Noise is
suppressed because its polarity and amplitude
vary randomly in time, resuilting in- an average
value of zero. The ionger the network time con-
stant and the shorter the aperture duration, the
better the improvement in signal-to-noise ratio
will be,

Digital Storage: Although the integrator circuitry
is designed to retain the acquired capacitor
charge, there is an inevitable siow discharge. This
discharge is sufficiently low to be negligible in
most applications. However, if the signal under

study has a very iow duty factor, the discharge can
become a serious source of performance degrada-
tion. in such applications, it is advisabie to equip
the Model 162 with the Digital Storage Option.
This option is basically a two-channel analog-to-
digital-to-analog converter. When ‘the Sampling
switch opens at the end of each sample interval,
the acquired charge is digitized and loaded Into a
digital storage register. The digital register con-
tents are then read by a digital-to-analog converter
which produces a dc¢ voltage equal to the acquired
charge on the capacitor. This dc voltage is fed
back to the integrator to maintain its output poten-
tial at the same level until the nexi sample is
taken, however long that may be. NOTE: During
the “hold” interval between triggers, the ouiput
can drift as fast as 20 mV/minute, up to an ab-
solute maximum total drift of 400 mV.

Output Signaf Processing: The output of each Pro-
cessor Module is applied to the mainframe Signal
Processing circuitry. The Model 162 is supplied
with three standard signal processing ‘“func-
tions”, A oniy, B only, and A~ B. In addition, there
is provision for installing two plug-in optional
tunction cards, if desired. Currently available op-
fions include A x B, A/B, and the log of A/B. User-
designed and constructed optional functions can
also be installed.

A front-panel switch selects the desired function.
Whatever function has been selected Is perform-
ed and the resulting signal applied to an output
smoothing filter that provides additional noise
suppression and meter damping. The smoothed
signal is made available at the f{{} QOUTPUT con-
nector. A derivative output proporticnal to the rgte
of change of the output signal is also provided [f{t)
QUTPUT]. If one of the optional functions is
selected and the option in question has not been
installed (inciuding digital storage), a front-panel
OPTIONS indicator lamp lights and there is no
output.

Basefine Sampling: The Model 163 Processor
Module is provided with a special baseline sam-
pling function. When baseline sampling is
selected, the sampling gate alternately samples
the signal and then the baseline. The signal aper-
ture position is determined by the % Initiai Delay
dial setting and Scan Ramp voltage as explained
previously. However, the position of the baseline
sample is determined solely by the M 163 Baseline
Sampling Delay coniroi. A separate integrating
circuit is provided to average the sampled seg-
ment of the baseline. In baseline sampling opera-
tion, the Model 163 output is the difference be-
tween the average value of the signal sample and
the average value of the baseline sample. As a
result, automatic compensation is provided for
baseline wander.,



2.3 APPLICATIONS

2.3A PICOSECOND DOMAIN FLUORESCENCE
STUDIES

interest in the study of fluorescence decay pro-
cesses in the picosecond region has grown rapid-
ly in recent years. Such processes yield informa-
tion about moiegular and crystal structure and
provide insight into excitation processes which
can help in defining reaction mechanisms.

The natural noise-producing processes and the
usual extremely iow light levels involved in
picosecond time domain studies dictate the use
of signal averaging techniques. In addition, the
use of a boxcar averager permits the “time-
transiation” of the event under study from the
picosecond domain to millisecond or second
ranges where display on an-oscilloscope or Xy
plotter is feasibie. The Model 162 with one or two
Model 163 Processor Modules meets this need
with a resolution as fine as 100 ps. Moreover, the
baseline sampling mode built into the Model 163
enables it to automatically compensate for dc
drifts in the detector or in the associated elec-
tronics. In dual-channe! operation with the op-
tional “ratio” function installed, the Model 162
can automatically compensate for fluctuations in
the excitation source so that they do not include
error in the resuitant measurement. When the op-
ticnal “log ratio” function is installed, the decay
plot will appear as a straight iine. In the case of a
multiple decay function, the output may even ap-
pear as a series of connected straight-line seg-
ments, each with a different slope. In applications
involving low repetition rates, use of the digital
storage option allows results to be obtained that
are as good as those one would normally consider
to be achievable at high repetition rates only.

2.3B FLUDRESCENCE AND PHOSPHORES-
CENCE DECAY STUDIES

Many fluorescence and phosphorescence studies
fall weil outside the picosecond domain and
therefore do not require ulira-fast instrumenta-
tion. The Model 162 with one or two Model 164
Processor Modules is an economical approach {0
these studies. Gating resolution is continuously
variable from 10 ns to 5 ms. Dual-channel opera-
tion with the optional “ratio” function installed
provides automatic compensation for fluctuations
in source power. Duai-channel operation aiso per-
mits automatic compensation for baseline
wander. '

2.3C PULSED ULTRASONICS

The Modsl 162 can also be used in pulsed ultra-
sonics siudies. Applications of puised ulirasonics
to the study of materiais and the examination of
their internal structure are widespread. In this and
other puised ulirasonic applications, the use of a
boxcar averager permits separation of the echo

-4

originating in the region of interest from all other
spurious signals while providing marked improve-
ment in the signai-to-noise ratio.

2.3D PULSED RESONANCE EXPERIMENTS

in all applications of pulse-excited resonance, for
both nuclear and electron resonance studies, ap-
plication of a suitabie signal averager permits the
recovery of free induction decay waveforms and
allows examination of the transitions induced by
complex pulse sequences, Even though signalsin
these experiments are often extremely weak, and
noise pickup by detectors is often a major prob-
tem, the boxcar averager easily separates the
resonance signal from any obscuring influence.

2.3E LASER DEVELOPMENT

The use of pulse tchniques in laser development
continues to gain acceptance as a practical and
convenient method of determining operating
parameters, even when the laser is being de-
veloped for continuous operation. This growing
acceptance is due in part to the accuracy obtain-
able by this technigue and in part to the simplifi-
cations in prototype laser construction made
possible by the reduced heat dissipation of puls-
ed operation. The boxcar integrator, with its
variable gate width and automatic scanning
capability, is ideally suited to laser research.
When extremely narrow pulses are being gener-
ated and very fine resolution I8 required, the
Model 162 Boxcar Averager with the Model 163
Processor Moduie can provide resolution to
100 ps with built-in automatic baseline compensa-
tion that eliminates the effects of dc drifts. The
use of two plug-in moduies permits the Model 162
to simuitaneously measure the output of two
lasers and read the difference between their out-
puts, or optionally, the product, ratio, or log of the
ratio. If a two-pen X-Y recorder is avaiiable, the
output waveform of each laser can be ploited
simuitaneously for visual comparison. In some
applications, particularly those involving high-
power lasers, low duty factors are a must. The

digital storage option permits the Model 162 to ac-

curately average signals having an extremely low
duty factor.

2.3F OPTICAL ABSORPTION STUDIES

Pulsed excitation is an attractive technique for
making optical absorption measurements. This is
due in part fo the higher excitation powers, made
possible by the reduced heat generated in the
sample by pulsed excitation as compared to con-
tinuous excitation. The use of both channels
allows one to also monitor the output of the
pulsed exciter and automatically compensate for
power fluctuations. If Model 183 piug-in moduies
are employed, automatic compensation for dc
drifts in the detectors will also be provided so that
the output is an accurate representation of the
signal, free from outside influence. If Model 164



modules are employed, the continuously variable
gatewidth permits the averaging parameters to be
optimized to the signal source.

2.3G SAMPLING SCQOPE

When used with an accessory oscilloscope, the
Model 162 becomes a high-performance, variabie-
gatewidih, sampling scope. Actual performance
parameters depend on the plug-in modules used.
The Model 183 module offers a resolution from
100 ps to 1 ns, depending on the Sampling Head
used, with automatic baseline compensation. for
ultra-fast drift-free sampling. The Model 164
module offers continuously variable gatewidihs
ranging from 10 ns to § ms, enabling the sampling
time to be optimized to the signal under study.
Dual-channei operation employing a pair of either
type modules can provide simultaneous display of
two waveforms if a dual-beam/dual-trace oscillo-
scope is available.

2.3H OTHER APPLICATIONS

EG&G PARC's Boxcar Averagers have. already
proven their worth in applications such as electro-
reflectance, pulsed Raman spectroscopy, mea-
surement of non-linear electro-optical properties
of materials using high-power pulsed-laser tech-
niques, dual-beam magnetic rescnance, spin-
echo measurements, and ion-drift velocity In-
vestigations.

2.4 SPECIFICATIONS

2.4A MODEL 162 BOXCAR AVERAGER
(MAINFRAME)

TIMING AND CONTROL
Trigger Modes:

(1) EXTERNAL.: Unit can be triggered on either
positive or negative going edge of external
signal applied 10 a front-panel BNC connec-
tor. Trigger level is adjustable over a range of
+ 15 V. Input impedance is 50 kf2. Maximum
input is + 100 V. Minimum trigger duration is
10 ns. Minimum amplitude is 0.5 V baseline-
to-peak.

(2) INTERNAL: Automatic repetitive triggering
with period approximately equal o the
selected Aperture Delay Range plus retrace
time.

{3} LINE TRIGGERING: Unit can be triggered on
either the positive or negative slope of ac
power line voltage.

Maximum System Trigger Rate: For the Model
163, 10 kHz, For the Model 164, 5 MHz.

Aperture Delay: The intervai between triggering
and the beginning of the aperture cpening can be
independently adjusted for each channel from
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about 5% to 100% of the selected Aperture Delay
Range by means of calibrated ten-turn % INITIAL
DELAY dials (aperture may not open below 5%),
Resultant delay will be that dialed plus a minimum
deiay of nominally 75 ns {max. 100 ns). There is
also provision for automatically scanning the
aperture time position from the set % delay to the
end of the Aperture Delay Range. Nominal 75 ns
minimum delay applies in scanned operation as
well.

{1y APERTURE DELAY RANGE: Seiectable in
1-2-5 sequence from 0.1 48 to 50 ms. There is
also provision for a special user-installed
range which atfows one to obtain an Aperture
Delay Range intermediate to, or longer than,
those provided. The Aperture Delay Range
setting is accurate to +2% of range. Ac-
curacy of a specific dialed delay must take
75 ns (nominal) minimum delay into account
as well.

% INITIAL DELAY LINEARITY: Controls are
linear t0 x£0.25% of range or =3 ns, which-
ever is greater.

LS

{3 DELAY JITTER: 50 ps rms or 0.05% of the se-
lected Aperture Deiay Range, whichever is
greater,

Aperture Duration: A function of the type of Pro-
cessor Module used.

(1} MODEL 1863: Choice of 25 ps, 30 ps, 75 ps,
350 ps, or 1 ns fixed aperture as determined
by the type of plug-in Sampling Head used.
Resoclution is Himited to 100 ps by the delay jit-
ter.

(2} MODEL 164: Aperture continuously variabie
from 10 ns to 5 ms. Aperture Duration control
is located on front panet of mainframe. There
is also a “special” range which can be used
to achieve AD’s intermediate to, or longer
than, those provided. Minimum “special” AD
is nominaily 50 ns. A M164 Trim adjustment
having a total range of 20% of the set aper-
ture duration allows aperture duration match-
ing in dual channel operation, Aperture dura-
tion selected at mainframe is obtained with
TRIM set to center of range.

Aperture Position: Independent selection of
manually adjusted delay or automatic scanni ng
provided for each channel.

(1) MANUAL: Aperture position (delay between
trigger and aperture) independently adjusted
for each channel by % Initlal Delay dials with
full-scale delay being 100% of the selected
Aperture Delay Range. NOTE: Reliable opera-
tion is uncertain with dialed delays of less
than 5%. Also, total delay is dialed delay plus
minimum of 75 ns nominal {max. is 100 ns).



(2) SCAN: Aperture position automatically scan-

ned from dialed delay to 100% of selecied -

Aperture Delay Range. One or both channels
can be scanned, but scan rate is same for
both. There is provision for controlling scan
with internally or externally derived control
signal. NOTE: If dial setting is less than 5%,
aperture may not open while the first 5% of
the Delay Range is being scanned. Normal
operation over the remaining 95% is assured.
Minimum 75 ns (nominal) delay applies in
scanned operation as well as in manual.

(@) INTERNAL: Time required to scan aper-
ture over gntire Aperture Delay Range is
that selected by SCAN TIME control,
which allows scan times from 0.01 s {o
100,000 s to be selected. Actual experi-
mental time will be less if scan is restrict-
ed to only a portion of the Aperture Delay -
Range by using % INITIAL DELAY dials
{(scan always begins at dialed delay, not at
“O"). Accuracy of selected Scan Time is
+ 15% (multiplier to CAL. position).

(b EXTERNAL: Scan time determined by ex-

ternal program applied to rear- panei

" SCAN IN/OUT connector. Sensitivity is

10% of Aperture Delay Range per +1 V

appiied. Maximum program dv/dt is 10

Vims. Input impedance is 10 k2. Maximum
input without damage is +20 V.

SIGNAL PROCESSING

Functions: The Model 162 is supplied with three
standard output functions. Any two of four addi-
tionai optional functions can be incorporated into
the instrument, if desired. The optional function
circuits are contained on plug-in circuit cards for
which two mating connectors have been provided
in the instrument, allowing the instrument to be
equipped with no more than two options at one
time. A front-panel OPTIONS light glows if an op-
tion is selected which has not been installed.
NOTE: Limit of two options does not include
Digital Storage.

(1) STANDARD FUNCTIONS
{a} Channel A Qutput only (A}
() Channel B Outpu{ only {B).

(c) Channel A Qutput minus Channel B Out-
put (A-—-B).

(2) OPTIONAL FUNCTIONS

{a) MODEL 162/95, Ax B: Channel A Ouiput

muitiplied by Channel B Output. Ax B Op-
tion has two modes of operation, Ax B
and A/|B|, as selected by swiich on the
Option Board. In the A x B mode, transfer
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function is E,ur=0.1 AxB. Product ac-
curacy is =1% of full scale. In A/B!
mode, transfer function is Esur= (AlB)).
Ratio accuracy is aiso = 1% of full scale.
MNOTE: Accuracy specifications are for op-
tion only. Error introduced in option will
be in addition to any error introduced
elsewhere in the instrument.

MODEL 162/97, A/|B|: Channel A Output
divided by Channei B Output. Transfer
function is Eowr=10 (A/|B]). Ratio ac-
curacy is =0.7% of full scale. NOTE: Ac-
curacy specifications are for option only.
Error introduced by option will be in addi-
tion to any error introduced elsewhere in
the instrument.

MODEL 162/96, log {|A|/iB}): Logarithm of.
Channel A Qutput divided by Channel B
Qutput. Transfer function is 4.00 logn
{|Al/|B]). Typical accuracy is as shown
balow. NOTE: Errors introduced by option
will be in addition to any errors originating
elsewhere in the system. Note that scale
factor is 4 V per decade.

ERROR IN OUTPUYT VOLTAGE AS A
RATIO QUTPUT FUNCTION OF B MAGNITUDE
AlB) 4 log; o {|AI/IBY B=10V]| 81V | B=100mV
10 GV 10 mv Womv 40 mv

0.316 —2.000 v 10 mV 20mV 150 my

6.10 -4.G00 V' 10 mv 40 mV 460 mV
09316 —5.000 v 10my | 1B0mV -

.01 -8.000 V 20mv | 400 mV
0.69316 -19.000V 60 mV =

User designed and constructed function
(SPECIAL). Blank cgircuit boards can be -
purchased from EG&G PRINGETON AP-
PLIED RESEARCH.

Digital Storage Option: The Mode!l 162/99 Digital
Storage modification (option) provides the analog
integrators with virtuaily infinite storage (holding}
time. As instailed (factory or field), two single-
channel processor modutes (Models 163, 164) may
be accommodated with a single additional printed
circuit board added to the mainframe {Modei 162).
Each channe! comprises a unigue Analog-to-
Digital-to-Analog converter whose output rein-
forces the integrator’'s output and prevents loss of -
memory. Note that the Digital Storage Option can
be instalied in addition to any two of the prevnous

Ay described optional functtons. -

(1) ENCODE TIME: 1 ms £10%.

(2) ACCURACY: +.1% of full scale (Dig. Storage
only; will be in addition to any other errors).



{3) SHORT TERM HOLDING TIME: 2 mViminute
typical; x 20 mV/minute maximum. Total drift
for unlimited t:me will be no greater than
+ 400 mV.

{4y LONG TERM HOLDING TIME: Virtually in-
finite fora + 4% of full scaie (% 400 mV) error.

Time Constant: Output smoothing fiiter with time
constant adjustable in decade steps from 0.1 ms
to 100 s. Continuously adjustabie multiplier
allows selected time constant to be increased by
as much as x 10.

Outputs: _
(1) ANALOG PANEL METER: Taut-band con-
struction; £2% of full scale accurate; center-
zero standard.

{2) DIGITAL PANEL METER (Option 162/98}): 312
digit display with digital output in BCD format
provided at rear-panel connector. Meter ac-
curacy s £0.1% = 1 count. BCD output is in
positive sense logic. Logic 0=0V =02V,
5 mA maximum sinking current. Logic 1=
+3.5V =1V, 100 pA maximum sourcing cur-
rent.

(3) ANALOG OUTPUT f{t): Smoothed output of
function selected. + 10 V corresponds to full
scale. Output impedance is 1 kQ. Taking the
signal at the Processor Module QUT pinjack
as k., and that at the f(t) QUTPUT connector
as E,ur, the transfer function is:

EO(H‘
EIN

-1
1+1wT

where w is 2#f and T is the mainframe Time
Constant.

(4) ANALOG TIME DERIVATIVE f(t): Output pro-
portional to rate of change of Analog Qutput.
Maximum out is + 10 V. Qutput impedance is
1 k2. NOTE: Taking the signai at the Pro-
cessor Module OUT pinjack as £, and that at
the H(t) OUTPUT connector as Eour, the
transfer function is:

Eorr _ KA 1
Ex -9 14 1/juT

where w=2xf and T is the mainframe Time
Constanf. A is a variable gain factor depen-
dent on the setting of the inner knob of the
Time Constant switch and varies from x 10
{CAL. position) to x 1 {(x 10 position). Note
that A is also a component of T. k is another
gain factor set by an internal adjustment with
range of x1to x50. Factory setting for k is
10/20r,
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NOTE: No more than =20V can be applied to the
Analog or Analog Time Derivative Qutputs without
damaging circuitry.

System Gain Drift: Relative to fuli scale, less than
0.01%/°C and less than 0.1%/week.

System DC Drift: A function of the Processor
Module. After a one-hour warmup the dc drift re-
ferred to the input is as follows.

(1) MODEL 163: 200 pV/°C typical, 10 pV/°C if
Sampling Head is remotely operated and
maintained at a constant temperature.

{2) MODEL 164: Less than 20 uV/°C.
GENERAL

Size: 17-1/8" Wx 7"’ Hx18-1/4” D
17.8 cm H x 46.4 cm D).

(43.5 cm Wx

Weight: 27 1bs (12.3 kg).

Power Requirements: 105-125 or 210250 V ac,
50-60 Hz, 50 VA maximum with typical loading.

Fuses: Rear-panel line fuse, 1.0 A SLOW-BLOW,
125 V, for operation from 105-125 V ac: 0.5 A
SLOW-BLOW, 250 V, for operation from 210-250 V
ac. Also, there are two internal fuses, 1/4 A, 125V,
SLOW-BLOW, that protect the =50 V supplies.

2.4B MODEL 163 SAMPLED INTEGRATOR

Hold Time (see 2.4D) Hold Time is defined in
terms of the minimum trigger repetition rate that
will result in no more than 1% of full-scaie error.
For the Model 163 the rate is 5 Hz in “normal”
mode and 50 Hz in Baseline Sampling mode. in
sampling scope applications, larger errors are
generally tolerable allowing lower minimum trig-
ger rates to be used. If the unit is equipped with
the digital storage option, lower trigger rates
without performance degradation due to hold-
time limitations can be accommodated (see
Digital Storage Option specifications).

Baseline Sampling:

(1) FREQUENCY: Every other repetitson signal
sampling cycles and baseiine sampling
cycles aliernate.

(2) BASELINE SAMPLE DURATIGN: Same as for
signal sample.

(3) BASELINE SAMPLING AVERAGING: Same as
for signal sampling averaging.

(4) M163 OUTPUT: Difference between average
of signal sample and average of baseline sam-
pie. With Baseline Sampling not operative,
output is difference between average of
signal sample and ground.



(5) BASELINE SAMPLE POSITION: As set by
front-panel uncalibrated control that allows
baseiine sample 10 be positioned over the
range of about 5% to 100% of the Aperture
Delay Range. Alternatively, position of base-
line aperture can be set by externally derived
voltage applied to M163 front-panel pin jack.
NOTE: Control that sets position of baseline
aperture also turns baseline sampting func-
tion on or off. Note that 75 ns (nominal)
minimum delay applies to baseline sampling
aperture delay as well as to signal sampling
aperture delay.

(6) COMMON MODE REJECTION RATIO: >100:1
for signals <50% of full scale.

input Characteristics: .

(1) SENSITIVITY (fuli-scale): =100 mV,
+250mV, or =1 V, switch selectable. Ac-
curacy at each setting is £2%.

(2) MAXIMUM SAFE INPUT: =5 V. NOTE: Limit
due to Sampling Head. Maximum input level
can be raised by use of appropriate input at-
tenuators.

(3) PARAMETERS THAT VARY AS FUNCTION
- OF SAMPLING HEAD TYPE:

Px-pk Sampling

Sampiing Input Aperture  Noise {Sam.
Head Type Impedance Coupling Duration™ Aver. setto 1)
51 50 ) de 358 ps 5my
S— 50 00 dc 75 ps 16 my
S 3A built-in probe; dc 350 ps 20mvV

100 k&2 shunted
by 2.3pF
S—4 50 & de 2508 10 my
© 55 1 ML shunted ac/de 1ns 2mV
. by 15 p¥ :
5-6 B0 2 do 30 ps 13 my

*NOTE: Effective Aperture Duration limited to 100 ps by
delay jitter of Mode! 162/163.

Table 11-1. SAMPLING HEAD PARAMETERS

Signal-to-Noise Improvement: Dependent on
number of samptes of which the M183 output is
the average. This number, selectable in decade
steps from 1 to 10* by front-panel SAMPLES
AVERAGED switch, applies when the actual
number of repetitions is large relative to the
selected SAMPLES AVERAGED. Improvement in
signal-to-noise ratio varies as the square rooct of
the selected SAMPLES AVERAGED. When using
baseline sampling, baseline samples are averaged
in the same manner as sighali samples. NOTE:
Sampling doesn’t “‘stop” after the selected
number of samples have occcurred.

Linearity: The deviation of the output from: {f.s.) x
(IN}, where f.s. is the output with a full-scale input
applied and IN is the input expressed as a fraction
of a full-scale input, is typically +0.25%. This
spec. is degraded at low duty factors.

Coherent Pickup: Less than 1 mV pk-pk referred to
input. Varies with delay.

Dynamic Reserve: The peak-to-peak amplitude of
wide band noise at the input can be as great as
30% of full scale. Higher levels can cause non-
linear operation. If the coherent plus non-coherent
signal at the input exceeds full scale, the OVER-
LOAD indicator will fight.

Zero: Zeroing is provided by a front-panel control.
Total range is full scale with Baseline Sampling
turned OFF. Total range with Baseline Sampling
turned ON is nominally 20% of full scale. Zero
range is not necessarily symmetrical with respect
to '0” output.

Clear: Pushbutton switch resets output of all pro-
cessor modules and digital storage option, if in-
stalled, to zero. Similar to CLEAR pushbuttonina
Model 164.

Outputs:

(1) SIGNAL MONITOR QUTPUT: Inverted =10V
full-scale module output available at front-
panel pin jack. Qutput impedance is 1 kil
NOTE: No more than = 20V can be applied to
this output without damaging instrument.

(2) GATE OUT: 0.5 us marker puise to indicate
aperture position. 1f baseline sampling is
used, two 0.5 xs marker puises are provided,
one to show the position of the signal sam-
pling aperture, the other to show the position
of the baseline sampling aperture. There is
typically 10 ns delay between the time the
aperture opens and the leading edge of the
corresponding marker pufse. Marker pulse
amplitude is nominally +1Vinto 80 Q; +3V
into an open circuit. NOTE: No more than
+ 20 V can be applied to this output without
damaging the instrument.

(3) TRIGGER TAKEQOFF: Limited rise-time replica
of input signal available at this output. With
noise-free input, this output can be used to
trigger mainframe or other peripheral -ap-
paratus. The amplitude is twice that of the in-
put signal. The source impedance is several
kilohms and the baseline is at +2 V.

General:
{1) SIZE: 2-5/8"” W x 6-5/8" Hx 158" D (6.7 cm W x
16.8 cm Hx 38.1 cm D).

{2) WEIGHT: 5 Ibs (2.3 kg) maximum.



(3} POWER REQUIREMENTS: Power is suppiied
by Model 162 Mainframe.

2.4C MODEL 164 GATED INTEGRATOR
Input Characteristics:
{1) SENSITIVITY (full scale): =100 mV. Accuracy
18 £2%. '

{2) MAXIMUM SAFE INPUT: =10V,

{3} INPUT COUPLING: ac or dec, switch select-
able. Ac coupling time constant is one sec-
cond. Pushbutton allows input circuit to be in-
ternally grounded for convenient zero adjust-
ment.

INPUT IMPEDANCGE: 50 @ or 1 M shunted by
25 pF, switch selectable.

DYNAMIC RESERVE: The Model 164 can ac-
cept wide-band input noise levels of four
times fuli scale peak-to-peak. Higher input
noise levels can cause non:linear operation.
The OVERLOAD indicator will light when the
coherent plus non-cohierent input signal ex-
ceeds four times full scale.

Aperture Duration: Continuously variable from
10 ns (nominal minimum) to 5 ms by means of
front-panel switch and muitiplier. Also provision
for user-instalied “special” range for achieving
aperture durations longer than, or intermediate to,
those provided, down to a minimum of nominally
50 ns. M164 froni-panel control allows aperture
duration to be trimmed for matching aperture
durations in dual-channel operation. Total range
of trim is 20% of selected Aperture Duration.
Selected aperture is obtained with TRIM set to
center of range.

Sampling Noise: With minimum M164 Time Con-
stant, pk-pk sampling noise referred to input
varies with Aperture Duration as foliows.

AD Pk-Pk Sampling Noise
10ns<AD<100ns. ... i i, <2mV
100 ns<AD<Tus. ... i <tmy
Tus<AD<I0uS. .o <500 uV
10us<AD... .. <200 pV

Hold Time: Hold time is defined in terms of the
maximum trigger period that will result in no more
than 1% of full-scale error, For the Mode! 164, this
rate depends on the setting of the Aperture Dura-
tion and the Time Constant. For Aperture Dura-
tions less than 5 us, Puax=4x 107C (1 — e-A0), For
Aperture Durations of 5us or longer,
P =4 x 102C (1 — e~#9), where:

i-9

Puax 18 the maximum allowable trigger period in
seconds,

AD is the Aperture Duration in seconds,

718 the Time Constant in seconds as selected by
the M164 Time Constant switch, and ‘

C is the value of the integrating capacitor as deter-
mined by the setting of the Time Constant
switch. The value of C as a function of the
switch setting is:

Time Consiant Seiiing C, in Farads
1us 62 x 107*2
10 ps 500 x 102
100 us 5x 10
1 ms 50 x 10
10 ms 500 x 107
SPEC User-determined

NOTE: If the unit is equipped with the digital
storage option, lower trigger rates can be accom-
modated without performance degradation.

Signai-to-Noise Improvement:

(1) SUMMATION (LINEAR) AVERAGING: Varies
as the square root of the number of repeti-
tions of the applied signal. Modet 164 Time
Constant and Aperture Duration have no ef-
fect on signalto-noise improvement.

(2) The signal-to-noise ratio improvement varies
as +/ 2TCIAD, where: TC is the Mode! 164 Time
Constant switch setting in seconds, AD is the
Aperture Duration in seconds, the nolse has
an upper frequency limit of 1/2AD Hz, and
where the measurement has continued for a
minimum of five times the observed time con-
stant. The observed time constant is defined .
as TC/Hrr-AD), where: rr i3 the trigger repeti-
tion rate in repetitions per second and where
the other parameters are as previously defin-
ed.

Time Constant: Front-panel switch allows choice
of decade-spaced time constants from 1 us to
10 ms plus SPECIAL., in which a Time Constant in-
termediate to, or longer than, those provided can
be set by user-installed internal capacitor.

Linearity: When system has been zeroed and gain-
calibrated, the deviation of the output from (f.8.) x
(IN), where f.s. = full scale and IN = input express-
ed as fraction of full scale, is typically +0.1% of
full scale. This spec. is degraded at low duty fac-
tors. :

Coherent Pickup: Delay-variable; tess than 2 mV
pk-pk referred to input.

Zero: Zeroing provided by front-panel control with
total range of 1060 mV relative to input of M164.
Range not necessarily symmetrical with respect
to “0”.



Clear: Pushbutton switch resets output of all Pro-
cessor Modules and Digital Storage Option, if in-
stalled, to zero, Similar 1o M163 CLEAR pushbut-
ton.

Outputs:

{1) SIGNAL MONITOR QUTPUT: Inverted =10V
full-scale module cutput available at front-
panel pin jack. Ouiput impedance is 1 k.

NOTE: No more than + 20V can be applied to

this output without damaging instrument.

(2) GATE QUT: Marker pulse equal in duration to
selected Aperture Duration is provided at
front-panel BNC connector. There is a 10 ns
delay (nominal} between actuai aperture
opening and leading edge of marker pulse.
Amplitude is nominally +1Vinto 50Q; +5V
into open circuit. Width or marker pulse
tracks aperture duration down to about 50 ns
if terminated in 50 Q.

Gain Calibration: 100 mV = 0.25% internally devel-
oped voitage is available for calibrating M164 gain
using front-panel Gain Adjustment which has
range of +10% of full scale. Permits gain match-
ing in dual-channel operation.

General:
(1) S1ZE: 2-5/8" W x 6-5/8" Hx 15" D (6.7 cm W x
16.8 cm Hx 38.1 cm D).
(2) WEIGHT: 2 bs (0.9 kg) maximum.

(3) POWER REQUIREMENTS: Power is supplied
by Model 162 mainframe.

110

24D ACCESSORIES
Mode! 115 Wideband Preamplifier (see page VII-27
for interface Cable).

iow impedance High Impedance High impedance

Characteristics input input input w/iG:1 Probe
input Impedance 50 0 {% 10%) t MO shynted 10 MQ shunted
{ge ta 50 MHz) by 20 pF oy 10 pF
input Coupling de, gnd. de, ag, gnd. de, ac, gnd.
Maximum input + 5V pk =5V ok =800 V pk
Voitage
Input Noise 20 nVin/Hz 50 nVis/Hz 4 uM/AHz
{Ry =500, =100
Hz, BW=1 Mz}
Input Noise 10 xV rms 50 xV rms 500 pV rms
{Ry = 50 Q,
BW =50 MHz}
Frequency de 1o 70 MHz de 10 50 MHz de to 50 MHz
Response
+1d8, ~3dB
Rise Time & ns 708 8ns
Voitage Gain x 100 or x i0 x 0 or x1
switch-seisctable switch-seleciable
Gain Stabliity = 05% = 0.5% & 1%
De Stability 100 uVI°C = 100 pVI°C %1 mvieC
{Ref 10 Input}
Output Voltage *500.mV into
500

Detector Bias
Supply

-1Vic -100V at 150 zA. Adjustabls with front panet
contral. Stability is = 2%.

Power
Reguirements

+12V @ 100 mA, — 12V @ 80 mA,
suppited by Model 162,

Temperature 1000 to 45°C,

Range

Dimensions B.6" Wx 4.1"H x 11.3"D.
Weight 5 1bs.




SECTION il
INITIAL CHECKS

3.1 INTRODUCTION

The following procedure is provided to facilitate
initial performance checking of the Model 162
Boxcar Averager and its associated Processor
Modules. This procedure should be performed
after inspecting the instrument for shipping
damage {any noted to be reported to the carrier
and to EG&G PRINCETON APPLIED RESEARCH),
but before using it to make measurements.
Should any difficulty be encountered in carrying
out these checks, contact the factory or the
authorized factory representative. It might be
mentioned that it is not the purpose of these
checks to demonstrate that the instrument meets
its specifications, but rather simply to show that it
has arrived in good working order. Each instru-
ment receives a painstaking alignment and check-
out hefore leaving the factory and users can have
a high degree of confidence that their Model 162
will meet or exceed all specifications if no ship-
ping damage has occurred. The following checks
will usually reveal any such damage.

Noie that the checkout procedure calls for
operating the Model 162 in conjunction with either
a Made! 163 or a Model 164. If the customer has
two modules, either of different types or both the
same type, they should be checked out one at a
time. Once each has been checked, dual-channel
checks can be performed as indicated in Subsec-
tion 3.6 ' '

3.2 EQUIPMENT NEEDED

(1) Square-wave source capable of furnishing
0-to-100 mV 1 kHz square waves and 0-to-1 V
1 kHz square waves, the two to be synchro-
nous. It should be possible to set the 100 mV
level to within a few percent of the desired
tevel. The 1V level, however, is not critical as
long as the amplitude is high enough to trig-
ger the M162 (= 0.5 V minimum). This is most
easily done by using a 1 V source followed by
a 10:1 attenuator, arranged such that the 1V
square wave can be applied to the Ext. Trigger
input of the Model 162 and the 100 mV square
wave can be applied to the Signal Input of
either the Mode! 163 or the Model 164, The
100 mV source should be such that the ampli-
tude will be 100 mV when loaded with 50 Q.
The 1V source will be driving the 50 k@ input
impedance of the Trigger Input so that load-
ing considerations for the 1 V signal should
not be critical.

NOTE 1: If the Processor Module is a Model
163 equipped with either a Type S-3A or §-5
Sampling Head, the signal input impedance
~ will be high (100 k@ and 1 MQ respectively),
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simplifying input loading considerations for
the 100 mV source as well. if the Processor
Moduile is a Model 164, plan to use the 50 Q in-
put impedance. The TEKTRONIX type 114
Pulse Generator is a suitable signal source,

NOTE 2: If the availabie generator does not
produce a square wave that is unipolar with
respect to ground, but rather one that goes
plus and minus, the procedure will have to be
adapted to the generator characteristics.
With a unipotar generator, the sampled levels
will be +100 mV and 0 V. in the case of a
generator that swings plus and minus at the
output, the sampled levels will be +50 mV
and — 50 mV, and the indicated M162 output
levels will change accordingly.

NOTE 3: A basic assumption underlying this
procedure is that the generator trigger output
and signal output are in phase. Some genera-
tors provide a trigger output that is 180° out
of phase with the signal output. Where this is
the case, be sure to select negative-slope trig-
gering at the Model 162 mainframe, even
though the instructions call for triggering on
the positive slope.

(2) Oscilloscope suitable for monitoring 1us 5V
pulses, .

(3) Watch with second hand, ora stop watch.

{4) Coaxial cables having a characteristic im-
pedance of 50 chms and fitted with BNC con-
nectors.

3.3 PRELIMINARY STEPS
{1) Check the position of the rear-panei Line Volit-
age Selector switch. For operation from a line
voltage in the range of 105-125 V ac, “1156”
should show in the switch window. For opera-
tion from a line voltage in the range of 210-250
W oac, “230” should show.

(2) Plug the Processor Module into the “A” {left-
hand) module receptacle. If the module is a
Model 163, first plug the Sampling Head (TEK-
TRONIX $-1, S-2, S-3A, S-4, -5, or $-8) into the
modute. NOTE: If the Sampling Head is other
than a Mode! S-5, it will be necessary to
mount the Head on an Extender (supplied) to
give access to the DC BALANCE adjustment
(teft side facing unit from front). In the case of
an 5-5, the DC BALANCE adjustment ison the
front and use of the extender is not required.
Most Sampling Heads also have a right-side



adjustment. This right-side adjustment AB-
SOLUTELY SHOULD NOT BE DISTURBED.
Next plug in the line cord and turn the Power
switch on. If Sampling Head is an S-5, select
dc coupling. The meter reading may be either
on or off scale, depending on the setting of
the front-panel controls. The front-panel in-
dicator lamps may or may not be on. Allow
about five minutes for the instrument to warm
up before proceeding.

3.4 PROCEDURE {F PROCESSOR

MODULE IS MODEL 163
{if Model 164, go to Subsection 3.5)

(1) Set the controls as foilows.

Mainframe _

% Initial A: 76% {ten turns is 100%)

% Initial B: fuily counterclockwise

Aperture Deiay Range: 1 mSEC

Aperture Duration: setting immaterial

Scan Time: 10 SEC (mul. to CAL)

Function: A (digital storage selector OFF}

Time Constant: .1 mSEC (mul. to CAL)

Trigger Mode pushbuttons: EXT depressed;
all others released

Scan Select pushbuttons: all released

Model 163

Input Range: 1V

Samples Averaged: 1

Baseline Sample Delay: fuily counterclock-
wise: center pushbutton depressed

Coupling (sampling-head switch, if present):
DC

{2) Triggering

(@ Connect the 0-to-1 V square wave at 1 kHz
“to the Trigger INPUT connector (main-
frame front panei}.

(b) Adjust the TRIGGER LEVEL control (main-
frame front panel) as required to establish
proper triggering as indicated by a steady
glow of the TRIGGERED lamp (main-
frame).

(3) Zero and DC Bal.

(a) Leaving 1V trigger line connected, con-
nect the signal generator to the M163 in-
put. Then turn the generator off and setect
INT. triggering at the M162. (Internal trig-
gering may not start the first try. If this
happens, release and depress the INT.
Trigger pushbutton until internal trigger-
ing is established as indicated by the
TRIGGERED lamp.) The objective of this
step is simply to connect the M163 input
to the signal source resistance but
without a signal.
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{b) Adjust the M163 ZERO contro} for “0”
panel meter indication.

{c) Change the setting of the INPUT RANGE
switch to 100 mV. Then adjust the Sam-
pling Head DC BAL adjustment for “0” on
the panel meter,

(d) Return the INPUT RANGE switch to 1V
and adjust Zero again. Continue in this
manner, alternating between the 1 V and
100 mV position while adjusting the ZERO
and DC BAL adjustments untii no further
improvement in the “0” indication can be
made. Leave the INPUT RANGE switch
set o 100 mV.

When the Zero Adjustment and DC Balance

-Adjustments are completed, remove the ex-

tender, if appropriate, and return the Sam-
pling Head to its normal position. The power
should be off and the signal disconnected for
this operation. Reconnect the cable intercon-
necting the signal source and the M163 input
when the Sampling Head is in its normal oper-
ating position.

(4) Signal Processing—?—Manuai Delay

(@) Turn the signal generator on and select
EXT. triggering at the M162 mainframe.
Then adjust the M163 ZERO control {only)
for “0” panel meter indication. NOTE: The
assumption is that the 0 V level of the
100 mV square wave is being sampled. f
the square wave is swinging =50 mV, no
zero adjustment will be possible, and the
best one can do is to adjust the ZERO
control for a nominal —50% of f.s. M163
panel meter indication..

(b) Set the % INITIAL DELAY A dial to 10%.
The panel meter indication should be
nominally futi-scale to the right. The
tolerance will be that of the 100 mV input
signal amplitude plus or minus the gain
tolerance of the M162/163.

{c) Adjust the signal amplitude at the source
to get the desired fuli-scale indication.

(d) Begin rotating the % INITIAL A dial clock-
wise. At about the 50% point the meter in-
dication will drop to “07, indicating that
_the tower ievel of the 0-t0-100 mV square
wave is being sampled. The actual point
where the crossover from full-scale to “0”
occurs will vary according to the sym-
metry of the input square wave. From
50% to 100% delay (five revotutions to ten
revolutions, the maximum), the “0” in-
dication wili be maintained. If the period
of the input signal is a bit short, towards



100% delay the meter indication might
rise again to full scale, indicating that the
upper level of the next cycle is being sam-
pled. After verifying the indicated be-
havior, leave the % INITIAL DELAY dial
set to 10%.

(6) Signal Processing—Scanned Operation

(@) Depress the SCAN SELECT “A” push-
button.

(b} Hold in the SCAN SELECT RESET push-
button. While the button is held down, the
panet meter will indicate nominally full
scale. At some convenient time, release
the RESET pushbutton. The pane! meter
wiit continue to indicate full scale for
about four seconds, indicating that the
upper level of the input square wave is be-
ing scanned. Then the indication will drop
to “0", where it will remain for about five
seconds as the lower leve! of the square
wave
{nominal) “cycles” of four seconds of fuli-
scale indication followed by five seconds
of “0" indication will follow one another
automatically.

{6) Baseline Sampling and Gate Out

{a) Connect the oscilloscope signal input to
the M163 GATE OUT connector. The os-
cilloscope should be triggered on the
positive edge of the same signal as is be-
ing used to trigger the Model 162 (nega-
tive edge if trigger and signal are 180° out
of phase). The sweep time should be 100
§S per cm.

A 0.5 us marker pulse should be visible on
the oscilloscope. As the scan cycles
repeat, this marker pulse will be observed
to ‘“siide” across the ftrace, taking
nominally nine seconds to complete each
scan. At the end of each scan, the pulse
position will reset to the sweep beginning
and then start to scan again.

Turn the BASELINE SAMPLE DELAY con-
trof (M163) clockwise. As soon as the con-
trol is rotated off the fully counterclock-
wise position, a second 0.5 us pulse will
be noted. This one will not scan. lts posi-
tion is determined by the setting of the
BASELINE SAMPLE DELAY control. With
the control as far counterclockwise as it
can be without turning the Baseline Sam-
pHng function off, the second puise will
be positioned near the beginning of the
scope trace. With the control fully clock-
wise, this puise will be at the end of the
trace. '

(c)

is scanned. These nine second

in-3

{d) Note the panel-meter indication as a func-
tion of the position of the two marker
pulses. When both pulses are on the
same half of the input square wave (both
on the left half of the scope trace or both
on the right hatf), the panel meter will in-
dicate “0". When both pulses are on
opposite halves of the trace, the panel
meter will indicate nominally full scale,
gither plus or minus. When the signal
aperture marker is on the left haif of the
trace and the baseline aperture marker on
the right, full-scate positive output is ob-
tained. When their positions are reversed,
full-scale negative output is obtained. If
the oscilloscope has dual-sweep capabil-
ities, it may prove instructive to monitor
the input signal simuitanecusly so that
the position of the apertures relative to
the input square wave can be more easily
seen,

NOTE: this completes the Initial Checks for a
system consisting of a Model 162 and a single
Modei 163. If there is a second Model 163 to be
checked, plug it into module receptacle “B*, and
return to step 1 of Subsection 3.4, the only differ-
ences being that the FUNCTION switch, instead
of being set {o “A”, is setf to “'B”, and that the set-
tings of the % INITIAL A and % INITIAL B dials
rmust be reversed. Once the second one is check-
ed out, go to Subsection 3.6 to check dual-channel
operation.

3.5 PROCEDURE IF PROCESSOR
MODULE IS MODEL 164

3.5A CHECKS IN THE EXTERNAL TRIGGER
MODE

{1) Set the controls as follows.

Mainframe

% Initial A: 10% (one revolution from fully
counterclockwise position}

% Initial B: same as % Initial A

Aperture Delay Range: 1 mSEC

Aperture Duration: 5 p8EC {mul. toc CAL)

Scan Time: 10 SEC (mul. to CAL)

Function: A {digital storage OFF)}

Time Constant; .1 mSEC {mul. to CAL)

Trigger Mode pushbuttons: EXT depressed;
all others released

Scan Select pushbuttons: ail released

Mode! 164
Time Constant: 1 uSEC
Pushbuttons: EXP/SUM, CAL, GND, and

DC/AC depressed; all others released



(2) Triggering

{a)

(b)

Connect the 1V trigger signai at 1 kHz to
the Trigger INPUT connector {mainframe
front panel}.

Adjust the TRIGGER LEVEL control as re-
quired to establish proper triggering as in-
dicated by a steady glow of the TRIG-
GERED iamp (mainframe).

{3} Zero and Gain Calibration

(@)

(o)

()

Adjust the Model 164 ZERO control for
“0" panel meter indication.

Release the GND pushbutton. Then set
the screwdriver adjustment associated
with the CAL pushbutton for exactly full-
scale panel meter indication.

Release the CAL pushbutton.

(4) Signal Processing—Manual Delay

@

()

Leaving 1 V trigger connected, connect
the 0-to-100 mV square wave to M164 IN-
PUT. NOTE: Be sure to take the loading ef-
fect of the 50 @ input impedance into ac-
count; the signal shouid be 100 mV load-
ed with 50 Q.

Note the panel meter indication, which
shouid be nominally full-scale to the right.
The tolerance is simply that of the source
signal amplitude. Adjust the source am-
plitude as reqguired to get exactly full-
scale meter indication.

Begin rotating the % INITIAL A dial clock-
wise. At about the 50% point the meter in-
dication will drop fo “0”, indicating that
the lower level of the 0-to-100 mV square
wave is being sampled. The actual point
where the crossover from full scale to “0”
occurs will vary according to the sym-
metry of the input square wave. From
50% to 100% delay (five revolutions to ten
revolutions), the 0" indication will be
maintained. If the period of the input
signal is a bit short, towards 100% delay
the meter indication might rise again to
full scale, indicating that the upper level
of the next ¢ycle is being sampled. After
verifying the indicated behavior, set the
% INITIAL DELAY dial to 10%.

(5) Signal Processing—Scanned Operation

(a)

Depress the SCAN SELECT “'A” pushbut-
ton.
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(b)

Hold the SCAN SELECT RESET pushbut-
ton. While the button is held down, the
panel meter will indicate nominally full
scale. At some convenient time, release
the RESET pushbutton. The panel meter
will continue to indicate full scale for
about four seconds, indicating that the
upper ievel of the input square wave is be-
ing scanned. Then the panel meter indica-
tion will drop to “0", where it will remain
for five seconds as the lower [evel of the
square wave is scanned. These nine-
second (nominal) cycles of four seconds
of fuil-scale indication followed by five
seconds of “0” indication will follow one
another automatically.

(6) Summation Averaging Checks

(a)

(b)

(e)

Release the SCAN SELECT “A” pushbut-
ton and set the M164 Time Constant to 10
ms.

Depress the M164 CLEAR pushbuiton
{meter indication will zero) and, whiie con-
tinuing to hold the CLEAR pushbutton
down, release the M164 EXP/SUM push-
button.

Al some convenient time, release the
CLEAR pushbutton. The meter indication
will begin rising linearty from zero and will
reach full scale in about four seconds. It
will not stop at full scale but will continue
to rise until the stops are reached. NOTE:
The exact timing is not very critical. Sev-
eral factors affect the time required to
reach full scale, among them the frequen-
cy of the input trigger signal, the toler
ance of the Model 164 Time Constant, and
the tolerance of the Aperture Duration. it
shouid be noted that the trigger rate with
a 1 kHz input trigger signal and a 1 ms
Aperture Delay Range will be 500 Hz. (Be-
cause the cycle time with a 1 ms Aperture
Delay Range is slightly longer than 1 ms,
the unit triggers on every other cycle.)

At some convenient time, depress the
GND pushbutton (which latches) and the
CLEAR pushbutton ({(which does not
latch). The meter indication will instantly
go to zero. When the CLEAR pushbutton
is released, the meter indication will be
observed to drift slowly away from zero.
The drift could be in either direction.

Depress the EXP/SUM pushbutton to
restore exponential averaging.



3.5B INTERNAL TRIGGER MODE CHECKS
{1} Triggering

(a) Release the EXT Trigger pushbutton. The
TRIGGERED lamp should extinguish.
{b) Depress the INT Trigger pushbutton. The
TRIGGERED lamp should glow steadily
again. NOTE: Although unlikely, it could
happen that internal triggering will not
start. if this is the case, alternately
release and press in the INT pushbutton
until internal triggering, as indicated by
the TRIGGERED lamp, is established.

{2) Signal Processing

(a) Set the APERTURE DELAY BANGE to 10
mSEC. Check that the M164 Time Con-
stant is 10 ms.

(b} Check that the GND pushbutton is still

depressed. The meter ndication should be

{‘OH,

Al some convenient time, depress the
CAL pushbutton and release the GND
pushbutton (in that corder). The meter in-
dication will begin rising, approaching full
scale asymptotically. The observed time
constant will be nominally 20 seconds,
that is, the meter will reach 63% of full
scale in 20 s {the actual time required can
vary somewhat as determned by the toler-
ances of the circuits involved). After 40 s,
the meter indication should be nominally
B6%, after 60 s it should be 95%, after
80 s it should be 98%, and after 100 s it
shouid be within 1% of full scale. The ac-
tual time required to reach full scale may
vary somewhat from these numbers. The
important thing is that the generai be-
havior indicated is observed.

Depress the GND pushbutton (leave CAL
depressed). The meter indication will now
decrease, asymptotically approaching
zero,

Momentarily depress the CLEAR push-
button. The meter indication will quickly
go to 0",

3.5C HOLD CHECKS
{1) Zero Hold

(a) Decrease the M164 TIME CONSTANT to
100 4SEC.

{b) At some convenient time, retease the INT
Trigger pushbutton. The TRIGGERED
light will extinguish, showing that the unit
is no longer triggering.

1.5

{¢) Note the panel meter indication, For as
long as the unit is not triggering the meter
indication drift should be less than 1% of
full scale per second.

(2y Full-Scale Hold

{a) Depress the EXT Trigger pushbutton to
restore triggering. The meter indication
wilt quickly go to “0".

Release the GND pushbution (CAL should
still be depressed). The meter indication
will go to full scale in a few seconds.

(b)

At some convenient time, reiease the EXT
Trigger pushbutton.

Note the panel meter indication. For as
fong as the unit is not triggering, the
meter indication drift should be less than
1% of full scale per second.

NOTE: this completes the Initial Checks for a
system consisting of a Mode! 162 and a single
Model 164. [f there is a second Modei 164 {0 be
checked, plug it into module receptacle "B, and
return to step 1 of Subsection 3.5A, the only dif-
ferences being that the FUNCTION switch, in-
stead of being set to “A”, is set to “B". Also, the
SCAN SELECT A pushbutton should be released
and the SCAN SELECT B pushbutton depressed.
Once the second Processor Moduie is checked
out, go to Subsection 3.6 to check dual-channel
operation.

3.6 DUAL-CHANNEL OPERATION

These checks presuppose that the operator has
two M163's or two M164's, and that both have
been checked out according to the previous pro-
cedures. In other words, the ZERC and DC BAL or
CAL adjustments, whichever is appropriate, have
been made.

{1) Procedure with two M183’s.

(a) Both modules should be plugged in and
the controls should be set as indicated in
step 1 of Subsection 3.4. The trigger input
should be connected and the Trigger
Level control adjusted for proper trigger-
ing. The 0-10-100 mV square wave should
be connected to both inputs. NOTE: Take
into account the change in loading caus-
ed by having the two inputs connected in
parailei.

Note the meter indication with the FUNC-
TION switch set to "A”. Then set the
FUNCTION switch to “B”. The meter indi-
cation should be the same, plus or minus
a few percent to allow for gain differences
between the two modules.



{c) Setthe FUNCTION switch to “A~B". The
meter indication should go to “0”, plus or
minus a few percent of full scale.

This completes the dual-channel checks fora
pair of Mode! 163’s,

{2) Procedure with two M164's

{(a} Both modules should be plugged in and
the controis should be set as indicated in
step 1 of Subsection 3.5A. The trigger in-
put should be connected and the Trigger
Level controt adjusted for proper trigger-
ing. There is no need to connect the
100 mV signal; the Modei 164 Processor
Modules are checked using the internal
Calibrate level,

Release the GND pushbutton. The CAL
pushbutton should stil be depressed
{preceding step).

With the FUNCTION switch set to “A”,
the panei meter should indicate full scale.
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(d) Transfer the FUNCTION switch setting to
“B". The panel meter should continue {0
indicate full scale.

(e} Transfer the FUNCTION switch setting to
“A~B”. The meter indication shouid go
to “0”, plus or minus a percent or two of
full scale (depends on how well the zero
and calibrate operations were performed
when the modules were checked out in-
dividually).

This completes the Initial Checks. if the indicated
results were observed, one can reasonably con-
ciude that the M162 and the Processor Modules
with whch it was furnished are working properly.
Note that no dual-channel checks were furnished
for the case where dual-channel operation is at-
tempted with one M163 Processor Module and
one M164 Processor Moduie. Operation with this
combination is perfectly feasible and there shouid
be little difficulty in adapting the preceding pro-
cedures to checking out dual-channel operation
with one module of each type.



SECTION IV
OPERATING INSTRUCTIONS

4.1 INTRODUCTION

This section of the manual begins with a discus-
sion of several prefiminary operating considera-
tions, such as installation, cooling, warmup, and
power requirements. These discussions are
followed by a description, keyed to photographs,
of the controls and connectors. The remainder,
the largest part of Section IV, consists of the
detailed operating instructions, which discuss in
detail how to use the Mode! 162 and its associated
processor modules to obtain the best measure-
ment results possible.

4.2 PRELIMINARY CONSIDERATIONS

4.24 INSTALLATION

The Model 162 Mainframe can be either bench or
rack mounted. The rack-mounting angles, which
are supplied as part of an optional accessory kit,
are easily bolted to the side of the instrument im-
mediately behind the front panel. To mount the
angles, it is first necessary to remove the
decorative cover strips which are secured by the
same bolts as are used to mount the angles.

4.2B POWER REGUIREMENTS

When equipped with two processor modules and
with typical ioading, the Mode!l 162 requires a
maximum of 50 VA of either 105-125 V ac or
210-250 V ac, 50-60 Hz. A rear-panel switch
enables transfer from one line voltage range to the
other. The processor modules take their power
from the mainframe.

4.2C FUSING

There are three fuses in all, a rear-panel slow-blow
type fuse (1.0 A for 117 V operation, 0.5 A for 220 V
cperation} in series with the ac input power, and
two internal 4 A slow-blow type fuses that pro-

tect the =50 V regulators. These regutators sup-

ply power to the Tektronix Sampling Head when
the mainframe is operated in conjunction with a
Model 183 Processor Module.

4.2D GROUNDING

The chassis of the Model 162 is internally con-
nected to the "third wire” or grounding pin of the
input power connector. It is important that this
grounding pin be connected to a good earth-
ground connection, either through the power
distribution system of the laboratory, or at least by
running a separate ground wire to a cold water
pipe, which in turn has a good ground connection.
This precaution serves to prevent shock hazards
and to prevent the entire chassis from being
driven at some high ac voltage.
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Shouid it be necessary to electrically isolate the
input power to the instrument, use a good quality,
electrostatically-shieided, isolation transformer.
the chassis of the instrument should stilt maintain
its earth-ground integrity by running a heavy wire
(#18 AWG or larger) from the chassis to input
neutral or to an earth-ground connection.

4.2E COOLING -

No special cooling technigues are required.
However, if the instrument is operated in an
enclosed rack with other equipment, the ambient
temperature within the rack should not exceed -
40°C.

4.3 CONTROLS, CONNECTORS, AND
INDICATOR LAMPS

4.3A MAINFRAME FRONT PANEL (Figure IV-1)
NOTE: inasmuch as the APERTURE DURA-
TION control affects the M164 only, that con-
trol is described in Subsection 4.3C, which
treats the M164 Module,

A, Trigger Mode—Four pushbuttons select in-
strument triggering mode.

(1) EXTERNAL—With this pushbutton depress-
ed, instrument is trigger-sensitive to external
signal applied to Trigger Input connector.
This is the most frequently used trigger mode
in measurement applications.

(2} INTERNAL—With this pushbutton depress-
ed, instrument is automatically self-trig-

. gering. Trigger rate is approximately the in-
verse of the selected Aperture Delay Range
{pfus retrace time). Useful mainly for servic-

ing.

Figure IV-1. MAINFRAME FRONT PANEL



{3) LINE—With this pushbutton depressed, trig-

ger signal is derived from power frequency
signal. This trigger mode is used mainly in
servicing.

{4} SLOPE—This pushbutton allows the operator

1)

the option of triggering on either the positive
{(pushbutton out) or negative (pushbutton
depressed) slope of the applied trigger
waveform in EXT and LINE TRIGGER opera-
tion.

Trigger level—This control determines

where on the applied trigger waveform trig_

gering will take place. Range of controi Is
=15 V.

Triggered Lamp—This lamp flashes each
time the Model 162 is triggered. The duration
of the flash is long enough to be noticed in-
dependent of the selected operating param-
aters.

Aperture Delay Range-—Dual-concentric
switch and two associated ten-turn dials
determine the Aperture Delay characteristics.

RANGE-This switch determines the interval
{beginning marked by trigger) over which the
leading edge of the aperture opening can be
positioned. In Internal Trigger operation, this
switch also sets the trigger repetition rate,
which is approximately the reciprocal of the
selected Delay Range plus the retrace time.

% INITIAL A and % INITIAL B—Function de-
pends on whether aperture is to be manually
positioned or scanned. lf the aperture is to be
manuaily positioned, these dials directly set
the position of the aperture leading edge as a
% of the selected Delay Range. As indicated,
one dial affects the A Processor Module, the
other the B Processor Module. In scanned
operation, the interval over which the leading
edge of the aperture will be scanned begins
with the % Initial A & B Delay dial settings
and finishes with the end of the selected
Aperture Delay Range.

Overtap Lamp—This lamp lights whenever
the trailing edge of the aperture opening ex-
tends beyond the end of the selected Aper-
ture Delay Range, Overlap clrcuit not active
for M163 Processor Module.

Scan Select—Six pushbution switches con-
irol the aperture scan characteristics,

A & B—These pushbuttons aliow the operator
to select manual or scanned positioning of
the aperture for each Processor Module. In
the released position, the position of the
aperture leading edge. at the corresponding
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Processor Module is directly set by the % in-
itial Delay dial. In the depressed position, the
aperture is scanned over the interval begin-
ning with the % Initial Delay dial setting and

ending at 100% of the selected Aperture

Delay Range. NOTE 1: The RESET, SINGLE,
and HOLD pushbuttons are relevant o scan-
ned operation only. NOTE 2: if EXT. Scan
pushbutton is depressed, A and B pushbut-
tons select channel{s) to be affected by exter-

nal program (% Initial Delay dials aiways ef-

fective).

{2} EXT—With this pushbutton depressed, the

aperture position is determined by the sum of
the % Initial Delay dial setting plus any delay
programmed by externally derived voltage ap-
plied to rear-panel SCAN IN/OUT connector.
Note that with no program applied to rear-
panel connector, % Initial Delay dials set
aperture position. A-& B pushbuttons deter-
mine which channel{s} will be affected by ap-
plied program. '

(3) SINGLE—Affects scanned operation only.-

When depressed, aperture position remains
at 100% of selected Aperture Delay Range
when a given scan ends. When released, aper-
ture position automatically resets to delay
determined by % Initial Delay dial setting to
mark beginning of new scan. Scans follow
one another with no operator action required.
NOTE: If A and B are both depressed, one

_ aperture will generally reach 100% of Aper-

—

ture Delay Range before the other. Whichever
reaches 100% of Delay Range first domi-
nates, that is, as soon as one aperture or the
other reaches 100%, both apertures will reset
or both will scan no further according to posi-
tion of SINGLE pushbutton.

HOLD—When depressed, aperture position
scan stops advancing. When button is releas-
ed, scan continues from hold point.

(5) RESET—Depressing this momentary action

switch causes the scan to reset immediately
to the delay set by the % Aperture Delay
dials. NOTE: Hold pushbutton overrides
reset.

Scan Time-—Dual-concentric controls deter-
mine time required to scan leading edge of
Aperture opening cover the entire Aperture
Delfay Range.

Function—Switch provides choice of seven
functions {three standard and four optional).
A given instrument can oniy be equipped with
two optional signai-processing functions ata
time. This limit of two does not appiy to the
digital storage option.



(1) STANDARD FUNCTIONS
A: Channel A output only.
B: Channei B output only.
A ~B: Channel A output minus Channe! B
output.

(2) OPTIONAL FUNCTIONS—Circuitry is con-
tained on plug-in printed circuit cards for
which two connectors have been provided in-
side the Model 162.

AfB: Channel A output divided by Channel B
cutput (see specs. for transfer function).

A x B: Channel A output muitiplied by Chan-
nel B output (see specs. for transfer function).

LOG A/B: Logarithm of Channel A output
divided by Channel 8 output {see specs. for
transfer function).

SPEC: User-designed and constructed func-
tion. Blank circuit cards can be purchased
from EG&G Princeton Applied Research Cor-
poration.

I.  Digital Storage Option—Front-panel switch
activates Digital Storage Option circuitry.
Digital Storage Option aliows operation at
very low duty factors (see specs.).

J.  Options Lamp—This lamp lights if the Func-
tion switch is set to a position for which a
proper plug-in circuit card has NOT been in-
stalled. Also lights if Digital Storage is turned
on without a Digital Storage card having been
installed.

K. Time Constant—OQutput smoothing filter time
constant in decade steps from .1 ms to 10 s.
Continuously variable x 10 muitiplier extends
range to 100 s.

L. Outputs
(1) ANALOG PANEL METER—Taut-band, center
zero standard.

(2) DIGITAL PANEL METER—3'2 digit display
with BCD output is available as extra cost op-
tion.

(3) ANALOG OUTPUT—+ 10 V correspondmg {0
full-scale output.

(4) ANALOG DERIVATIVE— +10 V scan-time
derivative of averaged output.

4.3B MODEL 163 PROCESSOR MODULE
(Figure 1V-2)

V. Input—Utilize standard plug-in sampling

head to achieve aperture widths as narrow as

1¥.3

AA,

Figure tV.2. MODEL 163 PROCESSOR MODULE

100 ps. Can be operated remotely with op-
tional Sampling Head Extender.

Input Sensitivity—Switch-selectable choice
of 100 mV, 250 mV, or 1V full scale.

Samples Averaged—Switch allows selection
of number of samples of which output is the
average (assuming number of sampies taken
is very much larger than SAMPLES AVER-
AGED selected). Sampling does not “stop”
after number of sampies selected have occur-
red.

Baseline Sampling—When activated, alter-
nate sampling apertures are time positioned
as determined by associated Baseline Sam- -
pling Delay control or by external signal ap-
plied to adjacent pin jack. Modei 163 output is
the difference between averaged segment of
input signal and averaged segment of base-
tine, thereby providing automatic compensa-
tion for dc drifts and baseline wander.

Qutput Monitor—Processor Module cutput is
provided at this pin jack. Adjacent control per-
mits processor-moduie output dc level to be
adiusted.

Aperture Monitor—(}.Slys marker pulse. Lead-
ing edge of marker pulse occurs about 10 ns
after leading edge of aperture opening. Note



BB.

CC.

DD.

that aperture duration is determined by
choice of Sampling Head and is otherwise in-
variable.

Trigger Takeoff—Risetime-limited replica of
input signal provided at this connector. Base-
tine is nominally + 2.5V £ 1.5V, Amplitude is
twice input amplitude. This signal is provided
with type 81, 82, 84, and S5 Sampling Heads
oniy.

Overload Lamp-—Lights to indicate overibad
condition in M163.

Clear—Pressing this pushbutton sets all in-
strument integrators to zero, including those
in the Model 164, If the instrument is equip-
ped with the digital storage option, the digital
storage memory contents will be erased as
well. NOTE: The Modei 164 Processor Module
is also equipped with a Clear pushbutton that
performs exactly the same function.

4.3C MODEL 164 PROCESSOR MODULE

.

{Figure IV-3)

input Controls—Three pushbutton switches
provide a cholce of high or low input imped-
ance and ac or dc coupling. Also providedis a
means of internally grounding the input to
facilitate zeroing.

Figure IV.3, MODEL 184 PROCESSOR MODULE
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R.

Calibrate—When depressed, this pushbuiton
causes an internally derived 100 mV signal to
be applied to the input. Adjacent gain-trim
control permits output to be adjusted to full
scale with calibrated input. Trim control can
be used to match the gain of one M164 {o the
gain of another in dual-channel operation.

Aperture Duration—Dual-concentric controls
located at the MAINFRAME determine the
M164 Aperture width, Aperiure can be set at
any width over the range of 10 ns to 5 ms plus
“special” user installed range. Aperture Dura-
tion controls have no effect on M163 Pro-
cessor Module.

Gate Qui--Puise coincident with aperture
provided at this connector. Tracks accurately
down to 50 ns aperture durations when ter
minated in 50 9. Adjacent Trim control per-
mits aperture duration to be trimmed, useful
in matching the aperture characteristics of
two Model 164’s. Selected Aperture Duration
is obtained with Trim set to center of range.

Time Constant—Enables averaging time con-
stants from 1 4SEC to 10 mSEC to be selected
(plus “SPECIAL" user-installed range).

Averaging Mode—Two pushbuttons.

(1) EXPISUM—Gives choice of exponential or

summation {linear) averaging.

{2) CONT. GATE—When this pushbutton is de-

pressed, unit is locked into continuous-
aperture state. Useful mainly for servicing.

Qutput Monitor—Processor Module output is
available at this pin jack. Adjacent Zero con-
trol permits processor-module output de level
to be adjusted.

Clear—Pressing this pushbutton sets all in-
strument integrators to zero, including those
in the Model 163. If the instrument is equip-
ped with the digital storage option, the
storage-option memory contents will be eras-
ed as well. NOTE: The Model 163 Processor
Module is also equipped with a CLEAR push-
button that performs exactly the same func-
tion.

Overload Indicator Lamp—This indicator
glows when the Modet 164 amplifiers are
overdriven,



4.3 REAR PANEL

BNC CONNECTORS

(1) SCAN IN/QUT: Function depends on setting
of front-panel Scan Select EXT. pushbutton. If
this pushbutton is depressed, aperfure posi-
tion is determined by % Initial Delay dial plus
voltage program applied to this connector.
Sensitivity is 10% of selected Aperture Delay
Range per +1 V applied, A and B pushbut-
tons determine which channei(s) are affected
by externally derived program. Z, =10 k. If
pushbutton is in released position, positive
Scan Ramp is provided at this connector.
Ramp is referenced to 0 V. Peak amplitude is
proportional to setting of % Initial Delay dial
with a maximum of +5V, Z,,r=600 Q.

(2) CHANNEL A SCAN: When Channel A is being
scanned, sum of scan ramp and % Initial
Dslay A voltage is provided at this connector.
Ramp is referenced to dialed % Initial Delay
voitage {maximum of +5 V at 100%). When
ramp plus dialed delay voltage reach +5 V,
ramp either maintains five volt level (Single
pushbutton depressed) or resets to start
another ramp (Single pushbution released).
Zovr==1 kI, NOTE: in EXT. Scan operation,
output is sum of EXTERNAL PROGRAM plus
% of Initial Delay A voltage (A pushbutton de-
pressed).

{3) CHANNEL B SCAN: Same as for Channel A,
except that % Initial Delay B dial sets refer-
ence voltage.

NOTE: If both A and B are being scanned, reset (or

~‘end-of-scan hold) occurs for both when either

aperture opening reaches 100% of delay range
position, corresponding to +5 V level being
reached at either of the Channel Scan BNC con-
nectors.

BCD AND SIGNALICONTROL INTERFACES
(Tables V-1 and IV-2)

The DVM used in the Model 162 has a four-digit
display. Each digit is represented at the rear panel
connector in Binary Coded Decimat (BCD) format.
The most significant digit is the leftmost of the
four digits displayed. The Teletype digit #1 (2 for
overiocad) is 1 digit to the left of the Most Signifi-
cant Digit. The notation A, B, C, and D after the
digit notation refers to column headings of the
truth table. The value of each of these outputs
when a logic 1 is 1, 2, 4 and 8 respectively. For
gach digit, the A, B, C, and D outputs, taken to-
gether, represent a number (0 to 9} in BCD format,

4.4 DETAILED CPERATING CON-
SIDERATIONS, INTRODUCTION

In most applications, the Model 162 is used 1o
determine the exact shape of a repetitive wave-
form that is obscured by noise. By sliding an aper-
ture over the-interval of interest and averaging the
signal that passes through the window, the wave-
form can be reproduced at the output. In general,
the recovery of any given input waveform is ac-
complished as follows.

Figure IV-4. MODEL 162 REAR PANEL
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Pin numbering
used on cable
assembles 6020-

Pin numbering
used on ribbon-

0131 & 0132 ‘¢able assemblies Function or Signal
1A, 258 1, 5G —~ E QUT (B): #10V f.s. Channel B Modute Out.
1B, 25A 2, 49 ~ E OUT {A): +10 V f.s. Channel A Module Out.
2A, 248 3,48 F (E OQUTY: Mainframe analog derivative ouiput
28, 24A 4, 47 F (E OUT): Mainfrarne analog output.
3A, 23B 5, 46 SCAN IGIOUT: Same as for SCAN IN/OUT BNC connector.
3B, 23A 8, 45 SCAN SUPPRESS: Externally derived voltage applied to this point can be used to vary scan
rate plus or minus relative to that selected by the Scan Time controis.
AA, 22B 7, 44 CHANNEL 8 SCAN: Same as for CHANNEL B SCAN BNGC connector except that Zour=0 6L
4B, 22A 8, 43 CHANNEL A SCAN: Same as for CHANNEL A SCAN BNC connector except that Zow,=0 8.
5A, 218 9,42 SCEN REGET: Logic C applied to this input paraliels function of front-panet SCAN RESET
pushbutton.
5B, 21A 10, 41 SIGNAL RESET: Logic 0 applied to this input paraliels function of front-panel CLEAR pushbut-
ton (provided on both Models 163 and 164).
6A, 20B 11, 40 BCAN HOLD: Logic 0 applied to this input paraliels function of front-panet HOLD pushbutton.
8B, 20A 12, 39 TRIGGER HOLDOFF: Logic 1 applied to this input inhibits instrument from being triggered.
Source must provide 500 pA.
7A, 198 13, 38 ECOPE BLANKING: This oulput is at logic 0 when a scan is in progress. it is at +50 V (10 ki
source) when scan is NOT in progress.
78, 19A 14, 37 SCOPE BLANKING: This output is at +50 V (10 k@ source) when scan is in progress. it is at
logic 0 when scan is NOT in progress.
8A, 188 15, 36 spare
88, 18A 16, 35 PENLIFT {NO): Normally apen 1 A contact of pen-ift refay.
8A, 17B 17, 34 +15 V =15 mV; 100 mA capacity.
aB, 17A 18, 33 PENLIFT (W), Wiper of pen-iift relay (rated at 't A).
10A, 168 19, 32 - 16V %15 mV; 100 mA capacity.
108, 16A 20, 31 PENLIFT (NC): Normatly ciosed 1 A contact of pen-lift relay.
11A, 158 21, 30 +5V 50 mV; 300 mA capacity.
118, 15A 22,29 spare
12A, 14B 23, 28 GND {ground return).
12B, 14A 24, 27 GND (ground return).
13A, 13B 25, 26 HIGH QUALITY (SIGNAL) GROUND

NOTE: Mating connector (3M#3415) with short length of ribbon cabie is supplied.

positive edge of an externaily derived trigger is in-
dicated in the figure), there occurs a fixed Trigger

V-6

Figure IV-8. BASIC MODEL 162 TIMING RELATIONSHIPS

Table IV.1. P101 INTERFAGE (REAR PANEL) b
(1) The Model 162 is synchronized with the signal Delay of nominally 30 ns, at the end of which the
of interest. This is usually done by applying selected Aperture Delay Range begins. (For con-
an externaliy derived trigger signal to the Trig- venience in illustration, the Aperture Delay Range
ger Input connector of the Model 162. is shown as a pedestal, although from an
C operating point of view, it is simply a selected
{2) The signal is appiied to either the Model 163 time interval.) At some time after the beginning of
or the Mode! 164, and the module controls are the Aperture Delay Range interval, but before it
adjusted for optimum processing of the ends, an aperture opening occurs. The duration of
signal. the aperture opening can extend beyond the end
of the Aperture Delay Range, but normally does
(3) The Aperture Delay and Scan controis are ad- not. Usually, the aperture opening is very short
' justed as required. ' relative to the seiected Delay Range. in single-
point analysis, the aperture opens at the same
{4) The proper function is selected and the actual
signal recovery performed. : NOT TO SCALE: SHOWS BASIC RELATIONSHIPS
N TRIGGER ONLY. NOTE THAT APERTURE CAN BE
In the following pages, each of these steps is dis- J B oML, [© TRIoEER
cussed in detail. A—
:;’Eﬂiﬁ (NOMINALLY 30 rns)
4.5 SYNCHRON!ZATION 8 : hes— APERTURE DELAY RANGEM»———-:i
I
A.5A INTRODUCTION | L APERTURE
Figure IV-5 illustrates the basic timing relation- Lo DRLAY o MPERTURE
ships in the Model 162 Boxcar Integrator. Each et ] T J
time the unit is triggered (triggering on the ~B{NOMINAL MNTMUM of 75 s~ ¢



Pin Function

1 Polarity {logic 1=1)
2 +4V
3 Overload Quiput (Logic 1 = Cverioad)
4 Overload Output (Logic 1= Overload)
5 DVM Most Significant Digit, A
3] DVM Maost Sig. Digit, C (always ground)
7 DVM ind Most Significant Digit, A
8 DVM 2nd Most Significant Digit, C
g DVM 3rd Most Significant Digit, A
10 DVM 3rd Most Significant Digit, C
11 DVM Least Significant Digit, A
12 DVM Least Significant Digit, C
13 Spare
14 Spare
15 Spare
16 Spare
17 DVM Least Significant Digit, D
18 Conversion Complete (inveried)
19 Conversion Comgiete
20 External Trigger input
21 Spare
22 Spare
23 - NOT BUSY input (Output data will remain fixed when
this line is at logic 0. Must be 1 or open for conver-
sions to continue)
24 Exponent, A {always ground}
25 Exponent, C {always ground}
26 Exponeni, B {always ground}
27 ‘Exponent, D (always ground)
28 BV Overioad Output (Logic 1= Overload)
29 DVM Overioad Qutput {l.ogic. 1 = Cverioad)
30 DVM Most Sig. Digit, B (always ground)
31 DVM Most Sig. Digit, D (aiways ground}
32 DVM 2nd Most Significant Digit, B
33 DVM 2nd Most Significant Digit, D
34 DVM 3rd Most Significant Digit, 8
35 DVM 3rd Most Significant Digit, D
36 DVM Least Significant Digit, B

Funciion when applied to 131 System M262

1= Polarity +
Not Used
Digit 1, A
Digit 1, C
Digit 2, A
Digit2, C
Digit 3, A
Digit 3, C
Digit 4, A
Digit 4, C
Digit 5, A
Digit 5, C

Digit 5, B

EXECUTE

Not Used

TTL logic 1 that goes to logic 0 for at least 1.5 xs (max.
2 ms). Unit resets on neg. slope, triggers on pos. slope.*

BUSY

Digit 8, A
Digit 8, C
Digit 8, B
Digit 6, P
Digit 1, B
Digit 1. D
Digit 2, B
Digit2, D
Digit 3, B
Digit 3, D
Digit 4, B
Digit 4, D
Bigit 5, B

NOTES: Logic 1= + 3.5V =1V, Logic 0=0.2V +0.2 V. Mating connector is Amphenal Blue Ribbon #57.30360.

*For external triggering of digital display, thare must first be a 5 kQ resistor {nominal value) connected betrween pins Rand 15 of J2 (upper conneclor al rear of panel meterjto in-

hibit Internal triggering.

Table IV-2, DIGITAL OUTPUT CONNECTOR

time after each trigger. In scanned operation, with
sach repetition it opens a bit later with the in-
cremental increase in Aperture Delay normally be-
ing small refative to the duration of the aperture
opening itself. Note that in both scanned and
‘singie-point analysis, internal fixed-delays act to
prevent positioning the aperture any cioser to the
trigger than 75 ns (nominal).

A gated integrator is made to “see” the input
signal for the duration of each aperture opening. If

the same point is sampled for many repetitions,

the integrator output gradually assumes the
average level of the input signal at the sampled
point. In scanned operation, if the scan is slow
enough, each point will be sampled enough times
to be “captured” by the integrator, so that, if the
integrator output is used to drive the “Y” axis in-
put of a recording device, the input waveform will
be reproduced at the scan rate.
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In any case, whether doing singie-point or scan-
ned analysis, it is absolutely essential that the
timing of the aperture opening be known and
controlled relative to the timing of the input
signal. In short, the signal and the Model 162 tim-
ing sequence must be synchronized. This is nor-
matly done by operating the Model 162 in the Ex-
ternal Trigger mode and applying a trigger signal
having a fixed time relationship to the waveform -
being examined. Frequentty it may be possibie to
trigger the Model 162 from the same stimulus as
initiates the signal to be processed. Operation of
the Model 162 in each of the Trigger modes is dis--

cussed in the foliowing paragraphs.

4.5B EXTERNAL TRIGGER MODE .

As iong as the EXT Trigger Mode pushbution is
depressed, a timing sequence is initiated ga-ch
time an approriate externaily derived trigger signal
is applied to the Trigger INPUT connector. The



SLOPE pushbutton and TRIGGER LEVEL control
determine when, in terms of the fine structure of
the irigger pulse, the Aperiure Delay Range
begins. However, regardiess of how these con-
trols define the trigger detection point, there is
always a minimum delay of nominally 30 ns be-
tween the trigger detection point and the begin-
ning of the subsequent Aperture Delay Range.
Other internat delays add to this, with the resuit
that the aperture can follow the trigger by no less
than 75 ns (nominal). Thus, when operating with a

short Detay Range, it may prove advantageous to

pre-trigger the M162 or to delay the signai to be
recovered by means of an appropriate delay iine.
The Trigger Level control allows triggering over a

range of = 15V and the Slope pushbutton allows’

triggering on either the positive-going or negative-
going edge of the applied trigger. For reliable
operation the applied triggers should be at least
0.5 V in amptitude and have a duration of no less
than 10 ns. Trigger pulses larger than 100 V {zero-
to-peak) shouid not be applied because such
pulses may damage the trigger detection circuitry.
Zy = 50 kG,

Figure IV-6 shows the variation in trigger detec-
tion point for two arbitrarily determined trigger
levels and for both siopes. The main criterion in
setting these controls is to select a point which
. gives a stable trigger point for each input trigger
pulse.

Proper triggering is indicated by the front-panel
TRIGGERED indicator lamp. Each time the unit is
triggered, this famp glows briefly. The duration of
the glow is independent of instrument operating
parameters. As aresult, even with a very short trig-
ger pulse and Aperture Delay Range, the glow
lasts long enough to be noticed. With relatively

low trigger rates, the individual triggers are clearly

distinguishable by separate flashes of light. With
fast trigger rates, the light will appear to be inten-
sity moduiated. This is normal and does not in-
dicate improper triggering.

TRIGGER
INPUT
WAVE FORM

FA“ e e TRIGGER LEVEL A
{
: : N

ov : so»
wen “"““*““‘wi» e e TRIGGER -LEVEL 8
N e —

|
{ {Tnassm LEVEL 8
SLOPE -~
{Tmﬁsaa LEVEL A

THIGGER ~ |
SLOPE —

DETECTION |
POINTS o

TRIGGER LEVEL B }_}
SLOPE +

TRIGGER LEVEL A}
SLOPE +

Figufe IV-6. TRIGGERING AS A FUNCTION OF SLOPE
AND TRIGGER LEVEL

While a timing sequence is in progress, the instru-
ment remains trigger insensitive. The trigger in-
sensitive state extends somewhat beyond the
selected Aperture Delay Range to atlow the invoiv-
ed circuits time to reset. Trigger inhibiting aiso
occurs for the duration of an aperture opening
that extends beyond the end of the Aperture Delay
Range. In the case of a Model 163 Processor
Module, the maximum trigger rate is limited to
10 kHz.

"~ Trigger inhibiting is provided because it is fre-

V.8

quently neither necessary nor desirabte that every
trigger pulse initiate a timing sequence. Consider
the case where the experiment is triggered by an
oscillator, with the oscillation period shorter than
the duration of the waveform being investigated.

.In such a case, It would be awkward (to say the

least) to start a new timing sequence while
angther is still in progress.

internal to the instrument, there is an Aperture
Delay Range ramp which is on the order of five to
ten percent fonger in duration than the selected
Aperture Delay Range. This five 1o ten percent
overhang has to be considerad in addition to the
reset time. For Aperture Delay Ranges from 100 ns
to B0 us, the reset time is 100 ns. For Aperture
Delay Ranges from 100 us to 50 ms, the reset time
is 100 us. Thus, depending on the choice of Aper-
ture Delay Range, the reset time may be either
short or long relative to the Delay Range overhang.
In any case, there is trigger inhibiting beyond the
end of the Aperture Delay Range equal to the sum
of the reset plus overhang.

To illustrate the effects of trigger inhibiting in an
experimental application, consider the foliowing
example. Suppose one were operating with an
Aperture Delay Range of 20 ps and a trigger repeti-
tion period of 23 us. Further suppose the Aperture
Duration to be 5 ps and that the aperture position
is to be scanned over the Aperture Delay Range.
Early in the scan, the aperture opening terminates
weli before the end of the Aperture Delay Range,
so there is no trigger inhibiting as a consequence
of aperture opening coverlap. With a reset time of
100 ns and a Delay Range overhang of nominally
2 us, these those factors can also be neglected as
far as trigger holdoff considerations are concern-
ed. Thus, assuming the system does not include a
Model 163 (maximum trigger rate of 10 kHz), the in-
formation early-in the scan will be one sample per

23 us. At the end of the scan, however, the situa-

tion changes, Before the aperture delay reacheés
100%, it will extend far encugh beyond the end of
the Aperture Delay Range to overlap the next trig-
ger. Because the instrument is rendered trigger in-
sensitive whenever the aperture extends beyond
the Aperture Delay Range (indicated by giowing of
the front-panet OVERLAP indicator lamp), the trig-
ger failing in the Overlap interval is ignored and



the information rate at the end of the scan de-
creases to one sample per 46 us. If the scan rate
had been selected according to the higher infor-
mation rate, the resolved cuiput waveform would
be “blurred” towards the end of the scan. The
simplest solution would be to increase the trigger
period to about 30 zs. In that way, the controls
could be idealized to an information rate that
would remain constant over the scan time.

4.5C LINE TRIGGER MODE

l.ine Trigger operation is actually a variation of Ex-
ternal Trigger mode operation. A signal derived
from the ac power line is applied to the same point
internally as is the regular external trigger signal.
The Slope pushbutton and Trigger Level controis
remain effective; operation is the same as if one
were operating in the External Trigger mode, and
using a 1.2 V pk-pk square wave input at the line
frequency as the trigger signal. Line trigger opera-
tion is mainly used in servicing the Model 162.
However, there is no reason why it could not be
used in experimental applications where the event
under study is synchronized with the line. Gener-
ally speaking, it is better to operate asynchronous
with the line to reduce the possibility of bother
some pickup and interference at the line frequen-
cy and its harmonics.

4.5D INTERNAL TRIGGER MODE

With the INT Trigger pushbutton depressed, the
Model 162 becomes seif-triggering and free runs.
The interval between successive aperture open-
ings equals {at least) the Aperture Delay Range,
plus the Delay Range overhang (nominally 5% 1o
10% of the selected Aperture Delay Range), pius
the reset time (100 ns or 100 us as explained in the
preceding discussion of trigger inhibiting with Ex-
ternai Trigger operation). If the system includes a
Mode! 163 Processor Module, the 10 kHz trigger
rate limit still applies. In other words, assuming
the system includes a Modet 163, the interval be-
tween successive aperfures will be at least 100 ps,
no matter how short the Aperture Delay Range. |

Internal trigger mode operation is intended for
servicing use. Unless one is willing to go to a
great deat.of trouble, there is no way of synchro-
nizing the Model 162 with the experiment. Almost
always, it will prove more convenient to trigger
both the experiment and the Model 162 from an
external trigger source. NOTE: When the INT.
pushbutton is depressed, triggering may not
begin. !f this happens, the remedy is simply to
alternately release and depress the INT. pushbut-
“ton until proper triggering is established as in-
dicated by the triggered lamp.

4.6 INPUT SIGNAL PROCESSING,

GENERAL -
The Model 162 can he operated with either one or
two Processor Modules. Mixing of the module

types is ailowed, that is, the “A” module can be
either a Model 163 or a Model 164, and the same is
true for the “B” module. Because of the consider-
abte difference in operating controls provided on
the two modules, they are discussed separaiely.

4.7 INPUT SIGNAL PROCESSING,

MODEL 164

The Model 164 can be operated in either position.
installation consists simply of sliding the Module
into one of the two slots, and then securing it by
means of the two knurled locking screws provid-
ed, one at the top and the other at the bottom of
the module panel. The mainframe power should
be off when a module is being inserted or remov-
ed. A discussion of each of the Model 164 controls
follows. :

4.7A INPUT IMPEDANCE

This pushbutton selects the input impedance,
either 1 M (pushbutton depressed) or 50  {push-
button released). For operation from source im-
pedances high enough to resuit in significant at-
tenuation with a 50 @ input impedance, one should
choose the 1 Mt input impedance. However, bear
in mind that as the source impedance becomes
higher, the high-frequency attenuation introduced
by the Mode! 164 input shunt capacitance will in-
crease as well. This input shunt capacitance is
typically 25 pf. it may happen, such as when one
wishes to use certain external attenuator probes
(EG&G PARC #1150-2400-088), that a higher shunt
capacitance will be desirable so that the overall
attenuator response (probe resistance shunted by
compensation adjustment in series with Model
164 input resistance shunted by its input capaci-
tance)} will be within range of the compensation
adjustment. Unused pads have been provided on
the Model 184 circuit board to facilitate adding
this capacitance. The M184 Parts Location Dia-
gram (Section VI indicates exactly where the
capacitor should be installed.

In those applications calling for the highest possi-
ble resolution, and where the source impedance is
fifty chms, use of the 50 Q input is mandatory.
Also, 50 Q cables must be used to interconnect
the signal source and the Model 164. Suitable
cable types inciude RGS58C/U, RG18BA/U, and
many others. In many situations, the source im-
pedance may be other than 50 @ (93 2, 110 Q, etc.).
Where this is the case, the cable characteristic im-
pedance should be that of the source and a series
resistor should be provided at the input of the
Mode! 164 to achieve impedance matching. The
resistance of the series resistor is determined by:

RSERJES = Zsovrcs = 50 Q _

4,78 INPUT COUPLING
This pushbutton allows the operator to choose

either DC coupling (pushbutton depressed) or AC
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coupling (pushbutton released). DC coupling is
preferred when measuring fow-frequency phe-
nomena. Where dc drift at the signal source is a
consideration, especially over long analysis inter-
vals, ac coupling might be preferred.

The use of ac coupling prevents input do offsets
from being included in the analysis. However, low
frequency components which may be of interest
are lost. The input network used gives a 3 dB down
low frequency response of 0.16 Hz. Below this fre-
quency the response goes down at the rate of

6 dBloctave. Note that the internal connections.

differ according to the choice of input impedance.
As shown in Figure V-7, dc components are
blocked altogether with the 1 MQ input imped-
ance. With the 50 @ input impedance, the d¢ com-
ponents are blocked with respect to the input
amplifier, but they are applied to the 50 Q input
resistor. Consequently, when operated with the
50 Q input impedance, whether ac or de¢ coupled,
the applied dc¢ should be limited to 5V (equivalent
to half a watt dissipation in the 50 Q input resis-
tance).

4.7C. GND PUSHBUTTON

This pushbutton, when depressed, grounds the in-
put of the first amplifier, useful when zeroing.
Note that the Input connector is NOT grounded. If
the 1 MQ input impedance is selected, an applied
input signal simply sees an open circuit. If the
50 @ input impedance is selected, an applied input
signal sees 50 Q to ground, regardless of whether
one is operating ac coupled or dc coupled.

47D CAL. PUSHBUTTON
When this pushbutton is depressed, the input

signal is disconnected from the input amplifier

and an internally derived 0.25% accurate full-
scale dc level is applied in its place. An asso-
ciated screwdriver adjustment allows the gain of
the instrument to be precisely set by monitoring
for —10 V at the front-panel Output Monitor pin
jack (instrument must be triggered). The total
range of the adjustment is about 20% of full scale.
Note that, for the gain to be accurately set, the
module must first be zeroed (GND pushbutton
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depressed).
iN T owF
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A COUPLING WITH iM§)

INPUT IMPEDANCE

AC COUPLING WiTH S08
INPUT IMPEDANGE

4.7E ZERGC CONTROL

This multi-turn, high-resclution control allows the
module output to be precisely adjusted to 0 V with
zero applied to the input (GND pushbutton). The
total range of the control is nominatly 100 mv
relative to the input of the Model 164. NOTE: To
obtain a valid zero adjustment, the unit must be
triggering. Also, for best results, the Aperture
Duration should be set to the signal recovery
value. In particular, one should NOT do a zero ad-
justment with the CONT. GATE pushbutton de-
pressed unless CONT. GATE operation is intend-
ed. A suitable zero-adjustment procedure follows.

(1) Establish proper triggering from an externai
source. If preparing to examine an externally
derived signal, the aperture duration should
be set to the intended signal-recovery value.

{2} Depress the GND pushbutton,
{3) Monitor the level at the Model 164 front-panel

pin jack or at the mainframe output (Qutput
connector or panel meter). Then adjust the

Zero control for 0 V at the monitored point,

Note that the observed rate of response will
depend on the selected Model 184 Time Con-
stant and on the duty factor (observed time
constant equals selected time constant divid-
ed by aperture duty factor). With a narrow
aperture and low repetition rate, the response
time can become very long. The effect of the
mainframe “Signai Processing” Time Cons-
tant is independent of duty factor.

NOTE: A zero adjustment (GND depressed) is
usually followed by a gain adjustment (CAL
depressed).

“There may alsc be instances when one would

Figure IV-7. INTERNAL COUPLING CONNECTIONS AS A
FUNCTION OF SELECTED INPUT IMPEDANCE IN
AC COUPLED OPERATION
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wish to deliberately introduce offset with the Zero
control, such as when a non-zero baseline couid

give a more convenient display. When operating’

dc coupled, the Zero control can be used to nuil
out-dc offsets accompanying the input signal.

4.7F EXPISUM PUSHBUTTON

This pushbuiton allows the operator to select
either exponential (weighted) or true (linear or
summation) averaging. When operated in the ex-
ponential averaging mode, the output signal
asymptotically approaches "“G"” times the input

signal level, where “G” is the gain. The time re-

quired for the output to reach its final level is five
times the observed time constant {selected Mode!
164 time constant divided by the aperture duty fac-
tor). Once the output reaches “G” times the input

~ signal, there is no further change in the output

level, regardless of how many repetitions of the in-
put signal cccur. After a large number has occur-
red, at least enough to give five time constanis of
analysis time, the output of the Processor Module
can be considered to be the average of 2TC/AD



repetitions of the input signal, where TC is the
selected Model 164 Time Constant and AD is the
selected Aperture Duration, both in seconds. The
SNIR (signal-to-noise improvement ratio) achieved
in the M164 then is /2TC/AD. Note that this is a
weighted average, that is, the most recent repeti-
tion has more influence on the output level than
the one preceding it, which has more influence
than the one preceding it, and so forth, on back to
the early repetitions which have negligibly small
influence, Note also that when noise is mentioend
in this manual it is assumed to be “white” (con-
stant spectral power density independent of the
frequency), but band-limited from dc¢ to a max-
imum frequency equivalent to 1/2AD. The advan-
tages of exponential averaging are that the final
output level bears a simple fixed relationship to
the input signal level, and that any arbitrary
amount of SNIR can be obtained by appropriately
selecting the Time Constant and Aperture Dura-
tion. The mainframe Signhal Processing time con-
stant gives additional improvement in the signal-
to-noise ratio as expiained in Subsection 4.13E.

With the pushbutton in the released position, the
instrument becomes a linear averager, that is, one
in which all repetitions of the signal contribute
equal volt-second pieces of information to the out-
put. As a conseguence, the output does not
asymptotically approach G times the input, but
“rather increases by the same amount with each
repetition of the input until output overload cc-
curs. In linear averaging operation, the output is
simply the average of N repetitions, where N is the
actual number that has occurred. The M164 SNIR
then is simply +/N. Note that the SNIR is indepen-
dent of both the time constant and the aperture
duration. These parameters do, however, affect
the rate of growth of the output level, that is, the
size of the volt-second piece of information con-
tributed with each repetition.

Figure |V-8 shows the M164 output response as a
function of time for the two averaging modes.
Note that in exponential averaging, the output
response is given by the standard RC charging
curve. After an analysis time equal to one time

6“1 B

Ta A.NALY‘SiS TIME EQUAL TO
CRARACTERISTIC TIME CONSTANT
FULL-SCALE |NPUT ASSUMED

OUTPUT RELATWE TO FULL SCALE
Rk o 0 —

PO S

Q

Zr 3T 4v

Figure IV-8. OUTPUT RESPONSE AS A FUNCTION OF
ANALYSIS TIME FOR BOTH EXPONENTIAL
AND SUMMATION AVERAGING
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constant, the ouiput reaches 63% of its final
value. After five time constants of analysis time,
the output is within one percent of its final value.
Operated as a linear averager, the output reaches
the same level after an analysis interval of only
one time constant. This level is not final. If sub-
sequent repetitions occur, the output will con-

tinue to rise until overload occurs. '

From a practical point of view, the principal dif-
ference between linear and exponential averaging
is that linear averaging gives a better SNIR for a
given number of repetitions of the event under
study. Mowever, in most instances, one is not
limited with regard to the number of repstitions.
By simply extending the experiment somewhat
longer, exponential averaging yields resulis equal
to those obtainable with linear averaging and with
the advantage that the output tevel reached bears
a simple direct relationship to the input signal
level. Consequently, exponential averaging is
used in most applications. Nevertheless, situa-
tions where the absolute number of alliowable
repetitions is limited do occur, and in such an ap-
plication, one would do better to use linear averag-
ing. Congider the following example.

Suppose that the effect under study ina given ap-
plication deteriorates with repeated stimulation
so that the maximum number of useful repetitions
is limited to 500. Further suppose that the resolu-
tion requirement is 1 us and that an aperture dura-
tion of 1 ps is used. Consider the comparative
resuits of recovering this signal, first with expo-
nential averaging, and second with linear averag-

ing.

For the output to reach its final value in exponen-
tial averaging, it is necessary that five time con-
stants of analysis time occur. In the example at
hand, there are 500 repetitions, each having a .
duration of 1 us, giving a total analysis time of 500
us. For full output response, the time constant
cannot exceed one fifth the analysis time. For
maximum SNIR, the time constant wants to be as
large as possible. Thus the optimum time con-
stant in this application is B00/5 or 100 zs. The
SNIR achieved by the M184 with a time constant
of 100 us and an aperture duration of 1 us is

V2TCIAD = 141,

Now consider the same example with linear aver-
aging. The M164 SNIR will simply be /N = /500 =
22.4, regardiess of the time constant selected (we
assume that resolution requirements dictate the
1 us aperture duration). The time constant will,
however, affect the size of the volt-second 'mp{e-
ments, Since the analysis time is 500 us, a time
constant of exactly 500 us will result in full-scale
output after 500 repetitions. With a lower time
constant, the output level will exceed fu!l‘scaie,
resuiting in overload. If the time constant is very
long, the finai tevel will be very smail, perhaps



gven so smail as to make the drift and noise of the
mainframe output amplifiers significant in com-
parison. ldeally, the time constant selected
should give as much output as possibie consis-
tent with avoiding output overload. In the case of

the Model 164, the proper choice would be 1 ms,

the next time constant larger than the ideal (but
unavailable) 500 us time constant.

it should be noted that ali of this is with-reference
to single-point analysis. If the input signal is being
scanned, the only possible choice is exponential
averaging. Also, note that one must be operating
with exponential averaging to perform the earlier
mentioned zeroing and gain-calibration opera-
tions.

As a fina!l note, it might be mentioned that the
combination of summation averaging and con-
tinuous gate atlows the instrument to be operated
as a simpie de integrator,

4.7G CONT. GATE PUSHBUTTON

When this pushbutton is depressed, the instru-
ment is no longer a gated integrator. Instead, the
aperture is “locked” open, and the instrument
functions as a gain of x 100 amplifier having its
upper frequency response set by the Model 164
and Mainframe Time Constant switches. Although
there may be laboratory applications for the in-
strument operated in this manner, this function
primariiy serves to simplify servicing.

474 CLEAR

This pushbutton allows the operator to reset the
various instrument integrators to zero. If the unit
is equipped with the digital storage option, the
data stored in the option memory circuits is wiped
out and repiaced with ali zeros as well. Each pro-
cessor module is furnished with a Clear pushbut-
ton and all work in parallel. Thus, if the Mainframe
in question is equipped with two Model 164’s, two
Model 163’s, or one of each, it doesn't matter
which Clear pushbutton is activated. Activating
any one of them clears and zero-sets all of the in-
tegrators. Usually, clearing is done just prior to
starting an analysis. If the analysis has to be ter-
minated prior to its completion, use of the Clear
function will shorten the time required to get
started again. From an operational point of view,
the clearing action is virtually instantaneous and
doesn’t depend on the instrument’s being trig-
gered. -

4,71 TIME CONSTANT

The choice of time constant is particularly impor-
tant with regard to obtaining good measurement
results in the minimum possible time. Not onty
does Time Constant directly affect the SNIR
(signal-to-noise improvement ratio}, but it also in-
fluences the time required to recover a given point
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or waveform. As explained previously, in exponen-
tial averaging, the SNIR achieved in the Processor

Module is given by the expression

SNIR = /2TC/AD [white input noise having
upper frequency limit of 1/(2AD) Hz assumed)]

where the Time Constant and Aperture Duration
are given in seconds. By making the time constant
large and the aperture duration narrow, any ar-
bitrary amount of SNIR can be achieved, However,
there is a tradeoff in that operating time is increas-
ed. Each point on the recovered waveform must
be analyzed for at least five time constants for that
point to be represented at the output with an
amplitude of G (G = instrument gain) times the in-
put amplitude. Thus the experimental time re-
quired to do an analysis varies directly with the
time constant, while the improvement in SNIR
varies with the square root of the time constant.
Clearly, in an application where minimizing oper-
ating time is an important consideration, the time

constant should be no longer than is required to -

reduce the noise to an acceptable level. Addi-
tional SNIR can be obtained in the mainframe by
means of the Signal Processing Time Constant
(see SIGNAL-TO-NOISE and MAINFRAME TIME
CONSTANT, Subsection 4.13E).

Besides allowing the choice of time constants
from 1 us to 10 ms, the Time Constant switch also
has a special position to allow time constants
greater than, or intermediate to, the time constant
values provided. With the switch set to SPEC, the
time constant is determined by a capacitor
mounted on normally unused terminals of the
Time Constant switch. (For safety, capacitor to be
installed by qualified service technicians only.)
Figure IV-9 shows the mounting terminals for the
special time constant capacitor. The relationship
between capacitance and time constant is:

T

C=5x70:

Figure IV-9. TIME CONSTANT SWITCH TERMINALS
TO BE USED FOR INSTALLATION OF
“SPECIAL” TIME CONSTANT CAPACITOR
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- where C is the required capacitance in farads, and
7 is the desired time constant in seconds.

Only low leakage capacitors should be used. Film
capacitors such as Myiar, polystyrene, polycar-
bonate, and Tefion are all suitable. Specifically to
be avoided are electrolytics and tantalum capaci-
tors. The high leakage of such capacitors will
severely degrade the hold-time {minimum trigger
rate) capabilities of the Model 164 when operated
with the Time Constant switch in the SPECIAL
position. With no capacitor, the time constant will
be nominaily 1 gs.

It is Important to realize that the observed re-
sponse time depends on the aperture duty factor
as well as on the time constant. Five time con-
stants of analysis time are required to fully “cap-
ture” one amplitude point. Because the analysis
proceeds only during the aperture open times, the
output response is "slowed” by one over the aper-
ture duty factor. For example, suppose one were
doing a single point analysis with a one micro-
second aperture duration. Further suppose the
repetition rate to be 1 kHz and the selected time
constant to be 1 ms. Consider the time needed to
acguire the point and the SNIR that can be ex-
pected. The analysis time must be at least five
time constants in duration, or, in this case, five
milliseconds. However, because the analysis pro-
gresses only when the aperture is open, the real
time required to achieve five time constants of
analysis time will be longer. With an aperture
duration of one microsecond and a repetition rate
of 1 kHz, the duty factor (aperture duration divided
by aperture period) will be .001, and the time re-

quired for 5 ms of analysis time willbe 5s (5 ms +

.001). Thus, assuming exponential averaging is
used, the point will be acquired in five seconds,
The SNIR is given by the selected time constant,
not by the observed or slowed time constant. For
the example at hand, SNIR=+/2x 1073/10° = 45.
Realize that the actual SNIR obtained depends on
the nature of the . noise and interference
accompanying the signal. The derivation of the
formula for SNIR assumes the input noise has
eqgual energy per unit bandwidth, and that it does
not -extend beyond 1/2AD) Hz in frequency.
Because actually encountered noise can have
attogether different characteristics, the real SNIR
cbtained may be better or worse than that given by
the formula.

4.7J APERTURE DURATION

Like Time Constant, Aperture Duration is particu-
larly important in determining overall instrument
performance because it affects both SNIR and the
time required to do a specific analysis. In addition,
Aperture Duration also directly determines the
maximum achievable resolution. Another impor-
tant performance parameter influenced by the
aperture duration is the hold time, that is, the
fowest possible repetition rate one can have with-

out information loss due to leakage losses be-
tween aperture openings. In the case of the Model
164 Processor Module, the Aperture Duration is
set by means of a dual-concentric control located
at the Mainframe. This control has no effect what-
soever on the Mode! 183 Processor Module, The
outer knob allows calibrated aperture durations
from 10 ns to 500 us to be selected. The innerknob
allows the selected aperture duration to increase
by factors ranging from x 1 (calibrated) to x 10,
thus allowing intermediate values of Aperture
Duration to 5 ms. A screwdriver THIM adjustment
on the front panel of the M164 allows exact match-
ing of Aperture Durations when working with twe
M164 Processor Modules. The Aperture Duration
seiected at the mainframe is obtained with the
TRIM adjustment set to the center of its range.

‘NOTE: Aithough the panel symbolization in-

dicates a lower imit of 5 ns, typical units will pro-
vide AD’s down to about 10 ns,

In addition, there is a SPEC. position of the switch
in which the aperture duration is determined by a
user-installed capacitor to obtain aperture dura-

-tions longer than those provided. This capacitor is

mounted on the Mode! 164 circuit board (see M164
Parts Location Diagram in Section VH). The ex-
pression relating the magnitude of this capacitor
and the aperture duration is C= AD/250, where C
is the capacitance in farads and AD is the desired
aperture duration in seconds.

In selecting the aperture time, one must make a
compromise between resolution, output noise-to-
signal ratio, and the operating time required to do
the analysis. Although it is desirable to keep all

- three as small as possible, achieving any two of
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these objectives always seems to require sacrific-
ing the third. These three “‘conflicting’™ goals are
discussed in the following paragraphs, aiong with
other parameters affected by the cholce of Aper-
ture Duration. ' :

Aperture Duration and Resolution: The aperture
duration determines the basic system resolution
of the Model 164 Processor Module. If two input
signals are separated in timé by At seconds, and
the aperture duration is aiso At seconds, the two
signals will be blurred together at the output but
will nevertheless still be clearly resolvable.
Another way of specifying the resolution limita-
tion is to consider the effective rise and fall time
of the Model 164 to be equal to the selected aper-
ture duration. Figure 1V-10 shows how the aper-
ture time affects the recovery of an input pulse of
duration At. Note that the processed waveform, in
addition to showing waveshape distortion with
wide apertures, aiso undergoes an apparent time
shift equal to the aperiure time,
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Figure V=10, RELATIVE DISTORTION OF PROCESSED
PULSE AS A FUNCTION OF APERTURE DURATION

Aperture Buration and Operating Time: As ex-
plained in the earlier discussion of time constant,
the real-time or observed time constant differs
from the selected time constant by one over the
duty factor, and it is the observed time constant
that determines the response time of the instru-
ment when operating.

In single-point analysis, an operating time of five
times the observed time constant is required for
the output to fully respond {within 1%) to the in-
put signal over the aperture duration interval. Be-
cause the observed time constant varies inversely
with the selected aperture duration, the use of

aperture durations smailer than absolutely neces-

sary unduly prolongs the time required to recover
the signal. This becomes even more critical in
scanned operation because there the scan time
(operating time) required to obtain a step function
response equal to that cbtainable with point-by-
point analysis varies as the inverse square of the
aperture duration, making it even more Important
to realistically appraise the required resolution.

Aperture Duration and SNIR: As pointed out in the
earlier discussion of time constant, aperture dura-
tion and time constant work together to determine
the M164 in exponential averaging operation, thh
the relationship being:

SNIR = «/3TC/AD

The narrower the aperture opening, the better the
SNIR will be. The tradeoff one makes is extended
operating time. Consider the following example.
Suppose one were doing a single point analysis
and wished to improve the SNIR by a factor of two
by narrowing the aperture duration. From the
above expression for SNIR, the aperture duration
will have to be reduced by a factor of four to obtain
the desired facior of two improvement. In addi-
tion, since the operating time varies inversely with
aperture duration in singie-point analysis, the

operating time will have to be extended by a factor.

of four as well. Now consider the same example
but with scanned operation, where the operating
time varies inversely with the SQUARE of the aper-
ture duration. There, the same factor of four reduc-
tion in aperture duration would necessitate a fac-
tor of sixteen increase in operating time. in many
applications, a factor of sixteen increase in oper-
ating time for a factor of two improvement in SNiR
would be a high price to pay. Clearly, in scanned
operation anyway, resofution should be the domi-
nant consideration in selecting the aperture dura-
tion. Once the aperture duration is set according
to the resolution requirements, the time constant
can be set as required to obtain the necessary
SNIR. Frequently, it will be possibie to significant-
ly enhance the overall SNIR by means of the main-
frame Signal Processing Time Constant WITH-
OUT adversely affecting the minimum scan time.
See Subsection 4.13E.

Recall that time constant and aperture duration
determine the SNIR in exponential averaging
operatlon only. In linear averaging operation, SNIR
equals /N, where N is the actual number of signal
repetitions. Time Constant and aperiure do,
however, determine the magnitude of the volt-
second signal increments. For best resulis, the
aperture durations should be set according to the
resolution requirements, after which the time con-
stant should be set so that at the end of the
analysis, the output level will be as large as possi-
ble without overload. If the analysis time (aperture
duration fimes the number of repetitions) equals
the selected time constant, exactly full-scale out-

- put will be obtained.

Aperture Duration and Duty Factor Limit: A boxcar
integrator can be viewed as a modified sample-
and-holid circuit. With each repetition of the input
signal, a sampie is taken for the duration of the
aperture opening. During the intervals between
aperture openings, the integrator must “hold"”,
that is, it must retain the level reached at the end
of the preceding aperture opening. Figure IV-11 il-
lustrates the sampling effect. An input step func-
tion is assumed as shown in Figure IV-11a. Figure

IV-11b shows the instrument response if an aper- -

‘ture opening very much longer than the time con-
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stant is positioned to bracket the siep, In such a
case, the observed time constant and the selected
time constant are the same. Figure IV-11¢ shows
the output response under real operating condi-
tions, that is, where the signal is sampled by an
aperture opening very much shorter than the time
constant. Fach time the aperiure opens, the out-
put rises towards G times the input level, with the
rate of rise during the aperture opening being that
expected from the selected time constant. The
real-time or observed time constant is increased
according to the duty factor as indicated. Note
that the output “holds” during the interval be-
tween aperture openings. lf the hold capabilities

I
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Figure IV-11. EFFECT OF SAMPLING ON
INSTRUMENT RESPONSE

are good, the interval between aperture openings
can be made very long without any loss of ac-
curacy. If the hold capabilities are poor, consider
able droop may occur between aperture openings
with the resuit that instrument performance is
degraded.

With each repetition of the input signal, the Model
164 averages over the aperture opening interval
only. For all of the time between apertures, the
output is expected to hold. 1t is this ability to hold
" (or lack therecf) that determines how small the
duty factor (ratic of aperture duration to aperture
period) can be without adversely affecting the ac-
curacy of the instrument. Although the hold
characteristics of the Model 164 are very good,
leakage currents do exist that limit how small of a
duty factor limit one can have consistent with
limiting leakage effect degradation to some ar-
birarily acceptable level (1% in the case of the
‘Model 164).

M164 Selected Time Constant C.in Farads
B 7T TP T UU RSSO O OO URRURT RSO 62 x 10712
LT SO TSRO 500 x 102
00 5. B X 107
i 111 TR O T TP 50 x 10
L3008 11T UUR RO RO 500 x 10
SPEC. e eee s User-determined

Gate Output A marker puise which tracks the
aperture opening is provided at the Model 184
GATE OUT jack. There is about a 10 ns delay be-
tween the leading edge of the aperture opening
and the leading edge of the marker puise. The
duration of the marker pulse equais the duration
of the aperture opening for aperture openings of
100 ns or longer. The marker pulse amplitude is
nominally +1 V into 50 ¢ and + 5 V into an open
circuit. When terminated in 50 Q, the marker pulse
is accurate down to about 50 ns. The marker-pulse
circuitry is not fast enough to faithfully reproduce
shorter aperture durations,

 Note that there is a screwdriver TRIM adjustment

associated with the Gate Output. This trim adjust-
ment allows the aperture duration to be varied
over a range of 20% of the selected Aperture Dura-
tion, thereby enabllng precise matching of the
aperture opening duration if two Model 164’s are

- used simultaneously to effect dual-channel opera-
-tion. The selected aperture duration is obtained

- It is.convenient to express the duty factor limit in -

terms of the Maximum Trigger Period, P,.. (See
Appendix A), For Aperture Durations less than
5 us, Pyax=4x 107 C(1 — e~ 40, For Aperture Dura-
tions of 5 us or fonger, Pyx=4x 108 C(1 — g~ A0,
where: .

Piax 18 the maximum allowable trigger period in
seconds,

AD is the Aperture Duration in seconds,

r.is the Time Constant selected by the Model 164
Time Constant switch, and

C is the integrating capacitor in seconds as deter
mined by the selected Time Constant. The

" capacitance as a function of Time Constant is:
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with the Trim adjustment set to the center of its
range.

4.7K BYNAMIC RESERVE

Dynamic reserve 1s defined as the ratio of the max-
imum nonsynchronous signal that can be applied
without overload to the synchronous input re-
quired to give full-scale ocutput. in short, it in-
dicates the level of noise and mterference reia-
tive o a full-scale signal, that can be to!erated If
higher levels are applied, non-linear operation
results and valid measurements cannot be made.
The Overload detect circuits in the Model 164 will
cause the Overload indicator lamp to glow when-
ever the signal applied to the input exceeds plus
or minus 400 mV. i should be noted that thisis a
conservatively selected overload point. Should
the overioad light flash occasionally on a noise -
peak, no detectable signal degradation will. occur.
However, if the Overload tight is on more or less
continuousiy, one can assume that the noise .
peaks are very much higher than the detect levels
and that information loss is occurring. If the input
noise exceeds x400 mV, use of an input at
tenuator is advised.

4.8 INPUT SIGNAL PROCESSING,
MODEL 163

Like -the Model 164, the Model 163 Processor

Module can be operated in either the “A” or “B”

position. The instailation consists of sliding the

Module into either of the two slots provided in the -



Mainframe, followed by securing the module by
means of two screws, one at the top of the module
panel and one at the bottom. The Model 183 in
turn takes a plug-in of its own, namely any one of
several Tektronix Sampling Heads. The Sampling
Head plugs into the opening in the Processor
Moduie pane!l and is secured by a spring-loaded
latch. Both the Processor Module and the Sam-
pling Head take their power from the Mainframe. it
is necessary to have the Mainframe power turned
off whenever a Module (or Sampling Head) is be-
ing removed or instalied.

4.8A INPUT IMPEDANCE, COUPLING, AND
RISETIME

These parameters depend on the type of Sampling
Head used. A Tektronix instruction manual cover-
ing the specific Sampling Head ordered is pro-
vided and the operator is advised to consult that
manual for ali information relating to operation of
the Sampling Head. A table comparing the charac-
teristics of several Sampling Heads is provided in
Secticn Il of this manual.

It should be pointed out that the overall risetime
or-resolution of the Model 163 is not necessarily
that of the Sampling Head, although the Sampling
Head risetime is a contributing factor. With the
faster Sampling Heads, timebase jitter will limit
the achievable resolution. With the very short
aperiure durations provided by the Sampling
Heads, the jitter becomes appreciable compared
to the aperture duration itseif. In effect, because
the aperture does not always open at the same
time, it is “smeared” and increased in duration.
The timebase jitter in the Model 163 is nominally
50 ps rms (or 0.05% of the Aperture Delay Range,

‘whichever is greater), and the expression for the

net Model 183 risetime, taking into account the
risetime of the Sampling Head, is:

t. = v/iSampling Head Risetime) + (100 ps)

In short, no matter how fast the Sampling Head is,
the net risetime will be no shorier than 100 ps.
NOTE: The mainframe APERTURE DURATION
controi has no effect at alt on the M163. The con-
trol atfects the M164 only,

4.8B DC BALANCE

Each Sampling Head is provided with a DC BAL-
ANCE CONTROL. This control is on the front
panelof the Mode! S5 Sampling Head. On all other
models the adjustment is located at the left side
(front view). An extender supplied with the M163
must be used to make the adjustment. In some
units there is another adjustment, not d¢ balance
but unlabeied, on the right side. This adjustment
absolutely is NOT TO BE DISTURBED. The DC
- BALANCE is adjusted for zero baseline shift as

the Model 163 Sensitivity switch setting is chang-
ed. Once adjusted, it generally does not have to be
disturbed again. The following procedure can be
used to make the dc balance adjustment.

{1} With the Model 183 Sensitivity switch set to
1V, and with the instrument triggering, adjust -
the Model 163 Zero control for zero indigation
on the panel meter. (ZERQ should be adjusted
with the signal source impedance conneacted
to the Sampling Head but with no signal ap-
plied. Any time the source impedance
changes the ZERO control must be re-
adjusted, but not the DC BALANCE.) NOTE:
The Mainframe Function switch must be set
to “A” or "B” whichever corresponds to the
position of the Module being adjusted.

(2) Set the Model 163 Sensitivity switch to 100
mV. Then adjust the DG BALANCE control for
zero panel meter indication,

{3) Reset the Sensitivity swi{ch to 1V, and again
adjust the Zero control for zero panel meter
indication.

{4) Continue alternating between the 100 mV and
1 V sensitivity settings, while adjusting the
DC BALANCE and ZERO controls respective-
iy for zero panel meter indication, until no fur-
ther improvement in the desired zero can be
obtained.

{5} This completes the adiustment. Note that
once the dc balance is sef, the Zero control
setting can be changed at any time as re-
guired without having to go back and re-
adjust the dc balance. Any change in source
impedance will require re-adjustment of the
ZERQO control,

4.8C SENSITIVITY

~Untike the Model 164 Processor Moduie, whach

has a fixaed sensitivity of =100 mV full scale, the
Model 163 has a variable sensitivity as determined
by the front-panel tnput Range switch that allows
fuli-scale sensitivities of = 100 mV, + 250 mV and
=1V to be selected. For best results, the switch
should be set for as much output as possible with-
out overload.

48D DYNAMIC RESERVE

As a result of certain characteristics of the
Tektronix Samplmg Heads, the dynamic reserve of
the Model 163 is limited to 30% of full scale. This

~means that if the non-coherent input sighal (noise) -
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exceeds 30% of full scale pk-pk, non-linear opera-
tion will occur with resultant distortion in the
recovered waveform. The amount of distortion will
be a function of how often the 30% limit is ex-
ceeded during the measurement, i the interfer
ence is at a singie frequency, every cycie of which
exceeds the 30% limit, the distoriion can be



severe. On the other hand, if the input noise is
broad-band, with only an occasional spike excesd-
ing the 30% limit, the distortion will be so small
as to be negligible. In absolute terms, the limits
are 300 mV pk-pk on the 1 V sensitivity range,
75 mV pk-pk on the 250 mV range, and 30 mV pk-pk
on the 100 mV range.

Note that this relatively low noise tolerance does
not preciude the examination of extremely noisy
signals. For example, assume one wished to ex-
amine a 30 mV repetitive signal-masked by 300 mV
pk-pk of noise. This signal could be recovered
with a very great improvement in signal-to-noise
ratio by operating on the 1 V sensitivity range. In
an application where the input noise is greater
than 300 mV pk-pk, use of an external attenuatoris

recommended. In some applications, it may prove -

helpfui to use an external low-pass filter. The cor-
ner frequency of the filter should be higher than
the highest frequency compenents of the wave-
form to be recovered.

One final word of caution, The OVERLOAD indics-
tor doesn't glow unless the coherent plus non-
coherent signal exceeds full scale. As a result,
one could be in dynamic reserve trouble without
being in overioad. It is generally a good idea to use
an osciloscope to be sure the input noise does
not exceed the 30% of full scale pk-pk iimit. The
Model 163 TRIGGER TAKEQOFF connector is a
convenient point for observing the input signal.
The signal here is a x 2 risetime-limited replica
(non-inverted) of the input signal and is offset by
+ 2 V. Because of the factor-of-two gain, the limits
for non-coherent signal at this connector will be
60 mV, 150 mV, and 600 mV pk-pk for the 100 mV,
250 mV and 1 V sensitivity settings respectively.
Again, bear in mind that an “occasional” excur
ston over the limit will be of no conseguence.

4,8F SAMPLES AVERAGED, SNIR, AND

- TRIGGER RATE :
The Modei 163 is actually a dual-sampler. With
gach repetition of the input signal, the Sampling
Head takes a sample which is ac coupled into the
Processor Module. There, a gated integrator

sampies-and-holds 1o store the information “bit”

taken at the Sampling Head. Each sampling ac-
tion, the first by the Sampling Mead and the sec-
ond by the Gated Integrator, affects different oper-
ating parameters. The Sampling Head, down to

- the 100 ps limit set by the timebase jitter, deter-

mines the effective risetime and hence the resolu-
tion. The gated integrator characteristics deter-
mine the M163 SNIR and the lowest allowabie trig-
ger rate. Unlike the Model 164 in which the aper-

ture duration is variable, the aperture opening of .

the Model 163 gated integrator is fixed at 0.5 ps.
As a consequence of having a fixed aperture dura-
tion, some operating parameters are more simply
axpressed for the Model 163 than for the Model
164. Recall from the Mode! 164 discussions that
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for exponential averaging (the only kind of averag-
ing provided in the Model 163), the output repre-
sents the average of 2TC/AD samples, providing
enough repetitions have occurred to give at least
five time constants of analysis time. With a fixed
aperture duration, the control or switch that sets
the time constant can be directly calibrated in
terms of Samples Averaged. This has been done
in the Model 163. The SAMPLES AVERAGED
switch allows samples averaged totals to be
selected in decade increments from 1 to 104 The
SNIR varies as the square root of the number of
sampies of which the ocutput is the average. iIn
other words, the expected SNIR is simply the
square root of the Samples Averaged switch set-
ting. .

As with the Model 164, there are teakage currents
present in the Model 163 that limit how small the
aperture duty factor can be without degrading in-
strument accuracy. Because a fixed aperture dura-
tion is used in the Model 163, the sole factor to
consider is the interval between aperture open-
ings, that is, the trigger repetition rate. With a trig-
ger rate of 5 Hz without baseline Sampling, or
50 Hz with Baseline Sampling, no more than 1%
leakage effect degradation will occur. With fast
trigger rates, degradation from this source is neg-
ligibly smali. In a sampling scope application one
may be willing to accept somewhat larger aberra-
tions, perhaps on the order of 5%, in which case
the timit would be reduced by the same factor. In-
ternal timing requirements also place an upper
timit of 10 kHz on the trigger rate when operating a
Modei 163.

4.8F CLEAR AND ZERO

These functions are provided by a dual-concentric
controi, with the Zero Adjustment being provided
by the outer knob and the Clear action being pro-
vided by the inner pushbutton. The Zero Control
range is fuil scale with the Baseline Sampling
OFF and 20% of full scale with the Baseline Sam-
piing ON. The Clear pushbutton zeros all of the
system integrators as well as the Digital Storage,
if appropriate.

4.8G BASELINE SAMPLING

There are two gated integrators in the Model 163,
The first of these, the Signal Sampling Integrator,
corresponds to the Model 164 gated integrator.:
The position of the aperture is determined by the
Model 162 Mainframe Timing controls, and can be
either fixed at any point on the Aperture Delay
Range, or scanned across it, in the same manner
as for the Model 164, The second gated integrator,
the Baseline Sampling Integrator, operates in a
similar manner, except that the aperture position
is determined either by the Model 163 Baseline
Sample Delay controls, or by an externally derived
voltage applied to the associated pin jack. In prin-
ciple, one could even scan the baseline sample by
applying a ramp to the external controi input. The



external control requirement is +0.225 V to
+ 4.5V, corresponding to 5%-t0-100% of “the
selected Aperture Delay Range. The input imped-
ance is 5 ki

This basic timing relationship is illustrated in
Figure 1V-12. Each input trigger is followed by an
aperture delay range interval (shown as a pedestal
for convenience in illustration) selected at the
Mainframe. There are two separate gated integra-
- tors, with provision for separately positioning the
aperture opening in each. The operator has the
choice of operating with only the Signal Sampling
Integrator active {Baseline Sample Delay dial fully
counterclockwise} or of operating with both inte-
grators active (Baseline Sample Delay dial not ful-
ly counterclockwise). If baseline sampling is
selected, it takes place on alternate sweeps. In
other words, given any succession of triggers, a
signal sample will be taken after the first, a
baseline sample after the second, a signal sample
after the third, another baseline sample after the
fourth, and so forth for the duration of the

NN

A INPUT SIGNAL REPETITIONS WITH RISING BASELINE

I . E Ty t u%‘i’ORTION ELIMINATED
NG BASELINE SAMPL
| | NOTE DISTORTION MASELINE SAMPLING

B: RECONVERED WAVEFOPM SHOWING DISTOMTION DUE TO BASELINE RISE AND
ELIMINATION OF THAY OISTORTICH THROUGH USE OF SASELINE SAMPLING

analysis. The important thing is that two separate

points are being sampled, and that the “reading
taken” for each sample is stored on two separate
capacitors.

The voltage on the baseline storage capacitor is
subtracted from that on the signal st8rage capaci-
tor, with the result that the voltage at the output of
the Model 183 is not the signal amplitude with re-
spect to ground, but rather the signal voltage with
respect to the baseline voltage at the sampled
point. The utility of baseline sampling is that it
renders the Model 163 immune to signal-recovery
distortion brought about by baseiline drift. As the
signal voltage rises and falls with the drift, so
does the stored baseline voltage, and the dif-
ference always accurately represents the absolute
- signal amplitude independent of drift effects.

[

TRIGGER

WAPERTURE DELAY RANGE — i)

— L

i
SIGNAL SAMPLING APERTURE! CAN BE POSITIONED
ANYWHERE ON APERTURE DELAY RANGE OR SCANNED
OVER ALL OR PART OF DELAY RANGE AS DETERMINED
BY MAIN FRAME TIMING CONTROLS.

I

BASELINE SAMPLING APERTURE! CAN BE POSITIONED
ANYWHERE ON APERTURE DRELAY RANGE {BUT NOT SCANNED)
AS DETERMINED 8Y MODEL 163 BASELINE SAMPLE DELAY
CONTROLS, OR 8Y APPROPRIATE EXTERNALLY DERIVED CONTROL
VOLTAGE APPLIED TO ASSOCIATED PIN JACK.

Figure V.12, BASIC TIMING RELATIONSHIP IN MODEL 183
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Figure IV-13. EXAMPLE OF DISTORTION CAUSED BY
BASELINE ORIFT AND ITS ELIMINATION THROUGH
USE OF BASELINE SAMPLING

Figure 1V-13 illustrates this principle. Note from
Figure IV-13A that there is a steady upwards drift
of the baseline (perhaps from heating effects).
Suppose one were slowly scanning with succes-
sive repetitions in order to recover the signal
waveform. As the scan slowly progresses, the out-
put rises with the rise in the baseline, producing
the extreme distortion shown in thé lefthand ilus-
tration of Figure IV-13B. If the same waveform
were recovered using baseline sampling, the
baseline drift distortion would be corrected, and
the signal would be correctly recovered as shown
in the righthand illustration of Figure IV-13B. The
one tradeoff one makes in using baseline sam-
pling is that the real time required to achieve the
necessary five time constants of analysis time is
double what it would be if baseline sampiing were
not used. This resulis from only half the sweeps
being used for signal averaging in baseline sam-
pling operation.

Use of the baseline sampling feature is not limited
to drift compensation applications. Whenever
baseline sampling Is used, the Model 163 output
represents the difference between the two sam-
pled points. The baseline sample could as well be
a signal sample, if one were interested in-the dif-
ference between the levels at two different points
on the same waveform. The averaging time con-
stant for the baseline-sampling integrator is the
same as for the signal-sampling integrator, and
the same SNIR considerations apply. One could

aven scan the baseline-sampling aperture by ap-_ -

plying the appropriate control voitage to the Ext.
In pin jack, although there are probably relatively
few appiications for this capability.

4.8H TRIGGER TAKEOFF

This signal is a risetime-limited replica of the in-
put signal to the Sampling Head. The amplifude is
twice that of the input signal and is referenced to.
+ 2 V. The source impedance is several kilohms,
This signal can be used to trigger the mainframe
or peripheral apparatus.




The Model 163 front-panel GATE OUT signal
allows one 1o determine the position of both the
signai-sampling and baseline-sampling aperture
openings. Marker pulses are provided for both
aperture openings. The position of the signal-
sampling marker pulse is determined by the
Model 162 Timing controis. That of the baseiine-
sampling marker pulse is determined by the
Model 163 Baseline Sampling Delay controls. The
marker pulses are nominatly 0.5 xs in duration.
There is about a 10 ns delay between the leading
edge of the aperture opening and the leading edge
of the corresponding marker pulse.

The position of the baseline-sampling aperiure
can be controlied either from the Model 163 front
panel or by means of an externally derived voltage
applied to the associated pin jack. The control is
dual-concentric. The inner “knob” is a pushbutton
switch that allows the choice of internal or exter-
nal control. The outer knob sets the actual aper-
ture position. When the control is fuily counter-
ciockwise, the baseline sampling feature is turned
off. When the control is not fully counterclock-
wise, the baseline sampling feature is operational,
and the delay between triggering and sampling of
the baseline is proportional to the control rota-
tion. Fully clockwise corresponds to a delay of
100% of the selected Aperture Delay Range. How-
ever, the controi is uncalibrated and the precise
position of the baseline-sampling aperiure must
be determined by observing the Gate Out signal.
To control the aperture by means of an externally
derived voltage, the inner knob is puiled out and
the controi voltage is applied to the associated
pin jack. Plus 4.5 voits applied results in a delay of
100% of the selected Aperture Delay Range.
Lower inputs result in lower but proportional
amounts of delay, Note that the baseline delay,
whether programmed by the external voitage or by
the control, will equal that programmed PLUS the
minimum achievable delay, nominally 75 ns.

4£.81 OUTPUT PIN JACK

This output connector is located just beneath the
Model 163 Input Range switch. The Modei 163
Output is provided at this connector. The imped-
ance is 1 k. This signal is inverted relative to the
signal applied to the M163 Input.

49 APERTURE DELAY RANGE

The Aperture Delay Range control defines the in-
terval over which the leading edge of the aperture
opening can be positioned. In addition to pro-
viding 18 ranges in 1-2-5 sequence from 100 ns to
50 ms, a SPECIAL position is provided in which
the Range is determined by a resistor mounted on
reserved terminals of the Aperture Delay Range
switch. (For safety, resistor to be instailed by
qualified service technician oniy.) Figure 1V-14
identifies these terminals. The special range is
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Figure IV-14, SPECIAL RANGE TERMINALS OF
APERTURE DELAY RANGE SWITCH

used to obtain Aperture Delay Hange intervals .
intermediate to, or longer than, those provided.
The formuia relating Aperture Delay Range and.
the value of this resistor is:

R=ADR =+ 2.11x 10

where R |s the resistance in ohms, and ADR is a
dimensionless number equal numerically o the
number of ms or ns of ADR desired.

For example, if one desired an Aperture Deiay
Range of 100 ms, the correct resistor would be
100+ 2.11 x 10 = 474 kf2. The inner knob would be
set to mSEC.

The choice of Aperture Delay Range bears directly
on the abiiity of the instrument to recover a given
waveform. Ideally, the selected Aperture Delay
Range should be as short as possible to minimize
the effects of aperture delay jitter (50 ps rms or
0.05% of Aperture Delay Range, whichever is
greater). At the same time, the time base shouid
not be so short as to cause important signal infor-
mation to be “lost” because that information fails
beyond the end of the selected Aperiure Deiay
Range interval.

4.10 APERTURE POSITION

The position of the aperture opening on the
selected Aperture Delay Range interval is deter-
mined by the Scan Select controls and aiso by the
% Initial A and % Initial B dials. The Model 162
can perform both singie-point and scanned
analysis, as selected by the Scan Select pushbut-
tons. If neither the Scan Select “A” nor Scan.
Select “B” pushbutton is depressed, single-point
analysis takes piace at both processor modules. if
one of these two pushbuttons is depressed, scan-
ned analysis is performed at the corresponding
Processor Module (single-point analysis con-
tinues to be performed at the module correspond-
ing to the released pushbutton}). If both pushbut-
tons are depressed, scanned analysis takes place



at both processor modules. Note that depressing
the EXT. pushbutton is a convenient way of '‘re-
feasing” both the A and B pushbuttons to do
single point analysis. As long as no external pro-
gram is applied to the rear-panel SCAN IN/OUT
connector, the aperture position is set by the %
Initial Delay dials. With regard to the Model 163,
only the signal-sampling aperture can be scanned
as determined by the Mainframe controls. The
baseline-sampling aperture is controlled from the
front panel of the Model 183 as described pre-
viously.

4.10A SINGLE-POINT ANALYSIS

in single-point analysis, the aperture position is
determined by the % Initial A and % Initial B dials.
These dials are calibrated directly in % of the
selected Aperture Delay Range. For example, sup-
pose the % Initial A dial is set 1o 40% and the %
Initial B dial 1o 60%. Further suppose the selected
Aperture Delay Range to be 20 ms. An examina-
tion of the Gate Outputs of the two Processor
Modules would show the Processor Module A
aperture 1o be located 8 ms after the trigger (40%
x20 ms=8 ms), and the Processor Module B

aperture to be located 12 ms after the trigger (60% .

X 20 ms = 12 ms). As long as the aperture duration
is short relative to the Aperture Delay Range, one
can simply speak of the aperture position, How-
ever, if the aperture opening is long (a few percent
of the Aperture Delay Range or longen), it becomes
apparent that the % Initial A and % Initial B dials
really set the position of the leading edge of the
aperture opening. The position of the trailing edge

of the aperture opening depends on the Aperture

Duration. It should be mentioned again that the
Gate outputs are a good indication of the aperture
duration and position for “‘slow’” apertures only. In
both the Model 163 and 164 there is abouta 10 ns
delay between the leading edge of the actual aper-
ture opening and the leading edge of the gate out-

put signal. in the Mode! 164, the Gate Qutput (if

terminated in 50 Q) follows the aperture opening
for apertures down o about 50 ns. With narrower
openings, the Gate Qut signal just can’t follow. In
the Modei 183, the Gate Out signal is always
0.5 us, reflecting the fixed 0.5 us aperture duration
of the gated integrator. (The sampling head is
faster, of course, with the sampling-head sample
duration varying according to the type of sampling
head used.)

Singte-point analysis is done when one is in-
terested in the amplitude at one point only of the
signal, where the point is defined as the average
vaiue of the signal over the aperture duration in-
terval. -

4.10B SCANNED ANALYSIS, INTERNAL

In scanned operation, the aperture position is
determined by an internally generated scan ramp
(except for EXT operation as explained later) and
also be the seiting of the % Initial A and % Initial

B dials. The duration of the scan ramp is set by the
Scan Time controls, which allow scan times from
10 ms to 100,000 s to be selected. The selected
scan time is the time required to scan the aperture
over the entire Aperture Delay Range interval. Fre-
guently it may be desirable to scan over some
smaller intervai, which is also possible. Figure
IV-15 illustrates the basic scanning time relation-
ships. As indicated, a great many repetitions of
the basic timing sequence are presumed to occur
for one scan ramp. With each repetition, the delay
between triggering and the aperture opening in-
creases, linearly tracking the ascent of the ramp.
The scan time is normally selected so that many
repetitions of the input signal are required for the
delay to increase by a single aperture-duration in-
terval. In this way, each point on the signal is
sampled many times. (To achieve a resolution
commensurate with the aperture duration, it is
necessary that each point of the input signal be
sampted enough times to be averaged for at least
five time constants))

EIRST FIRST
TRIGGER { APERTURE
SECOND SECOND
FRIGGER] | | APERTURE
THIRD, + THIRD
TRISSER| |- |APERTuRE
. FOURTH FOURTH
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FIFTH FIFTH
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ONLY
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Figure IV-15, INCREASE IN APERTURE DELAY
WITH SCAN RAMP

There may be instances where it is unnecessary,
or even undesirable, to scan over the entire Aper-
ture Delay Range. Where this is the case, the % In-
itial A and % Initial B dials ¢an be used to confine
the scan to a restricted portion of the Delay
Range. In scanned operation, the aperture posi-
tion at the beginning of each scan is that set by
the % Initial Detay dials. A scan always ends when
the aperture position {either channei) reaches
100% of the Delay Range. The following example
should serve to illustrate these relationships.

Suppose one had a signal for which all of the infor-
mation of interest fell in the 80% tc 100% of Delay
Range interval. Assume the instrument was to be
operated “'single-channel”, with the signai to be
processed in Channetl A. To scan this signal, the
“A" pushbutton should be depressed, but not the
“B* pushbutton. The % initial A diai should be set
to 60% s¢ that the scan will begin at 60% of the
Delay Range. Since Channel B is not being used,
and the “B” Scan Select pushbutton is released,
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the setting of the % initial B diai is immaterial.
The Scan Time selected is assumed to be 100 s.
To begin the analysis, one would probably first de-
press the Scan Select RESET pushbutton to zero
the scan ramp, and then, at some convenient time,
release it. While the Reset pushbutton is depress-
ed, the aperture position will be that set by the %
Initiai A dial, namely 60% of the Delay Range.
When the Reset pushbutton is released, the scan
ramp witi begin rising, and the aperture delay in
Channel A will be observed to increase. With a
selected Scan Time of 100 s, the rate of aperture
delay increase will be 100% of the Aperture Delay
Range per 100 s, Mowever, because the initial
aperiure position is 80%, only 40% of the Delay
Range remains 10 be scanned, and the time re-
gutired will be 40% of 100 s, or 40 s. After 40 s of
scanning, that is, as soon as the aperture reaches
100% of the Deiay Range, either of two things
could happen. If the SINGLE pushbution were
depressed, the final point sampled would con-
tinue to be sampled indefinitely. The aperture
position would simply remain at 100% of the Aper-
ture Delay Range. If the Singie pushbutton were in
the released state, the scan ramp would auto-
matically reset and then start again. In terms of
aperture position, the aperture would jump back
to 80% as determined by the % Initial A dial, and
then slowly scan across the Aperture Delay Range
again at the same rate as before, By restiricting the
scan to that portion of the Delay Range which
brackeis the signal of interest, the time required
to conduct the experiment is reduced from 100 s
to 40 s,

it is also possible to scan both channels, if
desired, by depressing both the “A" and “B” Scan
Select pushbuttons. Note, however, that the scan
will end when either channel’s aperture reaches
100% of the selected Delay Range. For example,
suppose the % Initial A dial were set to 60% and
the % Initlal B dial to 80%. Further suppose that
the selected Scan Time, as before, is {0 be 100 s,
When the Reset pushbutton is depressed, the
Channel A aperture will be positioned at 60% of
the Deiay Range and the Channei B aperture will
be positioned at 80% of the Delay Range. When
the Reset pushbutton is released, both aperture
delays will gradually increase, tracking the ramp.
After 20 s, the Channel B aperture will reach 100%
of the Delay Range, and the scan will end imme-
diately {hoid or reset), even though the Channel A
aperture only reached 80%.

This characteristic of terminating the scan as
socn as either channel’s aperture reaches 100%
of Delay Range can be used to advantage in
single-channe! operation 1o restrict the scan
range. For example, suppose all of the signal of in-
terest fell between 50% and 70% of the Delay
Range, and, to conserve operating time, only the
50% to 70% interval was to be scanned. Assum-
ing the signal is to be processed in Channsl A, the
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% Initial A dial would be set to 50%. Because the
scan is to cover an interval of only 20% of the
Delay Range, the % Initial B dial is set to 80% so
that the scan wilt end at the proper time, Both the
“A and "B’ Scan Seiect pushbuttons shouid be
depressed (it matters not a whit whether there is
actually a Processor Module in the “B” Channel
siot). When the scan is started, the Channel A
aperture will scan from 50% to 70% of the Delay
Range, as the Channel B aperture scans from 80%
to 100% to terminate the scan.

Note, however, that unless one deliberately in-
tends to limit the scan range in this manner, it is
generally advisable to have the Scan Select push-
button depressed for the active channel only, -
thereby reducing the likelihood of a short-scan
surprise.

A scan in progress can be suspended at any time
by depressing the HOLD pushbutton. For the
duration that the pushbutton is depressed, the
aperture position will not change. Samples will,
however, continue to be taken. When the HOLD
pushbutton is returned to the released state, the
scan witf resume and the aperture delay will in-
¢rease again in the normal manner untit comple-
tion of the analysis.

4.10C SCANNED ANALYSIS, EXTERNAL

When the Scan Select EXT pushbution is de-
pressed, the aperture position is determined by a
voltage applied to the rear-panel SCAN IN/OUT
connector and by the % Initiai Delay dials. The
sensitivity is 10% of the selected Aperture Delay
Range per + 1V applied. The external voltage will
scan either channel or both channels depending
on the state of the Scan Select “A” and “B” push-
buttons in the same manner as for scanned cpera-.
tion controlied from the front panei. The % Initial
A and % Initial B diais remain active. The aperture
delay is given by the sum of the applied voltage
and the % Initial Delay dial setting. For example,
if the % Initial Delay dial were set to 50%, and
+ 3 V were applied to the Scan In/Qut connector,
the resulting aperture delay would be 80% of the
Aperture Delay Range. Complex aperture position
programs can be applied, the only restrictions be-
ing that one must keep the resolution require-
menis in mind, and that the net effect (dials plus -
control voltage) should never be such as {o try o
force a negative delay. '

4,11 REAR-PANEL SCAN FUNCTIONS
Three BNC connectors having scan functions are
iocated at the rear panel. The first, the SCAN
IN/OUT connector, acts as either an input {Zy=
10 k() or as an output {Zour=600 {2} according to
the selected scan mode. If the front-panel Scan
Selsct EXT pushbutton is depressed, then this
connector serves as an input as described in the
previous paragraph. If the Scan Select EXT push-
button is in the released state, this connector



serves as an output. When the scan is reset
(RESET pushbutton depressed), there is 0 V at this
connector. As soon as the Reset pushbutton is re-
leased and the scan begins, the voltage at the con-
nector rises linearly. The ramping rate is + 10 V
per the selected Scan Time. (NOTE: The duration,
as opposed to rate, of a scan that goes to compie-
tion will nominally be 5-to-10 percent longer than
indicated by the panel symboiization, and the final
voltage witl therefore be proportionaliy higher.} Hf
the scan is cut short due to the action of the % In-
itial Delay dials, the final voltage reached will be
less than + 10 V. For exampie, consider a single-
channe!l analysis where Channel A only is to be
scanned over the interval of 75%-t0-100% of the
Delay Range. The Scan Select “A” pushbutton
should be depressed and the % Initial A dial setto
75%. {Because the Scan Select ‘B pushbutton is
not depressed, the setting of the % Initial B dial is
immaterial,} Assume a selected Scan Time of
100 8. When the Reset pushbutton is released, the
voltage at the SCAN [IN/OUT connector will rise
linearly from 0 V to + 2.5V {oniy 25% of the Delay
Range is being scanned, and 25% of +10 V is
+ 2.5 V), at which point it would either reset or
hold as determined by the state of the SINGLE
pushbutton. A single scan will require 25 s (the
rate is 10 V per 100 s, but since only 25V is to be
scanned, the time required is 25 s). it might be
noted that, if neither the Scan Select A’ nor the
Scan Select “B” pushbutton is depressed, the
voltage at the connector will be + 10 V (assuming
previous scan has had time to go to completion). If
a scan reset is done under these conditions, the
voltage will go to 0 V, and then ramp to +10 V
when the Reset pushbutton is released. The time
required will be that selected by the Scan Time
controls, independent of the % Initial Delay dials.
The Scan output is useful for driving the “X” axis
of a recording device, such as an XY plotter,

The other two rear-panel scan function connec-
tors provide the CHANNEL A SCAN and CHAN-
NEL B8 SCAN outputs. The voltage at these con-
nectors is atways indicative of the aperture posi-
tion. In single-scan analysis, the voltage is propor-
tional to the % Initial A and % initial B dial set-
tings, with +5 V corresponding to 100% dialed
delay. In scanned anaiysis, the voltage is the sum
of the dial setting and controt voltage, whether
that controi voltage is the internally generated
scan or the externally derived voliage applied to
the SCAN IN/OUT connector. If the scan in pro-
gress ends, the scan voltage sets or holds as ap-
propriate.

4.12 SCAN TIME AND RESOLUTION

412A INTRODUCTION

In single-point analysis with a Mode! 164, the reso-
tution is equal to the selected Aperture Duration.
In single-point analysis with a Model 163, the reso-

lution equals the Sampling Head risetime, down
to the limits imposed by aperture jitter (50 ps rms
or .05% of the selected Aperture Delay Range,
whichever is greater).

In scanned operation, the aperture duration does
not give the resolution directly, but rather sets the
maximum resolution that can be achieved.
Whether this resoiution /s achieved depends on
the choice of Scan Time. If the scan is 100 fast,
detail in the processed output will be lost. The
method of determining the minimum scan time
differs according to whether the Processor
Module is a Model 163 or a Modal 164. {f two Pro-
cessor Moduies are used, and both are being
scanned, the scan time shouid be no faster than
the slower of the two computed minimum scan
times.

4.12B MODEL 164

The Minimum Scan Time (MST) of a Boxcar Inte-
grator is determined by the Effective Time Con-
stant (ETC) and by the ratio of the Time Base (TB)
to a Hesclution Element (RE). The relation be-
tween these two parameters and MST is:

MST =BETC x TB/RE

For the Model 164, ETC has two components. The
first is the Signal Processing Time Constant
(SPTC), which is selected by the Mainframe Time
Constant switch. This time constant sets the re-
sponse time of the Mainframe output circuits. The
second component of ETC is the observed time
constant (OTC), which sets the response time of
the Processor Module. OTC is the time constant
selected at the Model 164 divided by the aperture
duty factor. OTC is computed by dividing the
selected Model 164 Time Constant by the product
of the Aperture Duration times the repetition rate,

- ETC, the time constant used in the scan rate for-
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mula, is computed by taking the square root of the
sum of the squares of SPTC and OTC.

The TB/RE factor is also easlly computed. The
Time Base is the selected APERTURE DELAY
RANGE, and the Resolution Element is the APER-
TURE DURATION.

Incorporating these considerations into the above
expression for MST, the following expression is
obtained.

MST = 5[(SPTC)2 + (OTC)?"? x %

Note that if one of the two time constants, SPTC
and OTC, is a factor of three or more larger than
the other, the effect of the smaller decreases 10
where it can generally be neglected in the MST
computation.

- a



4.12C MODEL 163

The Minimum Scan Time formula {(MST = 5ETC x
TB/RE) is the same for the Model 163 as it is for
the Model 164. However, the parameters ETC and
TB/RE are defined differently. For the Model 163,
RE = 1., where {; is the risetime of the Sampling
Head. If iz is less than 100 ps, substitute 100 ps for
1 In the formula. As with the M164, TB is simply
the selected APERTURE DELAY RANGE,

ETC =[0TGy + (SPTC)42, where OTC is the Ob-
served Time Constant of the Mode! 163 and where
SPTC is the Mainframe Time Constant. OTC, for
the Model 163, is given by the formula;

OTC= SA
2rr

where OTC is in seconds, rr is the trigger repeti-
tion rate in repetitions per second, and where SA
is the setting of the Samples Averaged switch.

Incorporating these considerations into the
general expression for MST, the following expres-
sion for the Minimum Scan Time is obtained.

MST (seconds) = 5{(SA/2rr) + (SPTCY]"2 x ADR/t,

Bear in mind that the minimum value for t, is
100 ps,

4.13 SIGNAL PROCESSING
(MAINFRAME)

4.13A INTRODUCTION

The mainframe Function and Time Constant
swhches allow further processing of the module
output signals. The inner knob of the dual-con-
centric switch allows the digital storage option, if
installed, to be switched on or off. This switch is
properly kept in the OFF position if the unit in
guestion is not equipped with the digital storage
option or if conditions are such as to make digital
storage operation unwarranted, The outer knob, in
addition to providing for the selection of the three
standard functions provided in ail units, also
allows any of four optional functions to be
seiected. Unless the unit is equipped with these
options, the switch setting must be limited to the
three standard functions.

The response time of the output circuits is deter-
mined by the mainframe Time Constant switch,
which allows time constants from.1ms 0 100 s to
be selected. The mainframe Time Constant af-
fects the overall response time of the instrument
and aiso the signal-to-noise ratic improvement,

413B STANDARD FUNCTIONS
(1) A: With the Function switch set to “A”, the
signal at the output of the Channel A Pro-

cessor Modute is applied to the Mainframe
Signal Processing circuits (Buffer Amplifiers,
Time Constant, and Output circuitry).

(2} B: As above, but for the Channel B Processor
Module.

(3) A—B: As above, but for the difference be-
tween the Channei A Processor Module Qut-
put and the Channel B Processor Module Out-
put.

4.13C OPTIONAL FUNCTIONS

Three Optional Functions are available. The cir-
cuitry for each is contained on a small plug-in cir-
cuit card. Two cards can be accommodated at a
time, and it makes no difference which option
card is plugged into which option connector; the
selected option is electrically interposed between
the Processor Module Outputs and the Mainframe
Processing circuits. i an option is selected for
which the circuit card has not been selected, the
OPTION light will glow. Figure IV-16 shows a
Mode! 162 with two options installed. It should be
noted that none of the options except Digital Stor-
age requires adjusting before being placed in
operation. :

WARNING!

TO AVOID DANGEROUS, POSSIBLY LETHAL,
ELECTRIC SHOCK, DISCONNECT THE Mie62
FROM ALL SOURCES OF POWER BEFORE RE-
MOVING THE M162's COVER. COMPONENTS AT
DANGEROUS LIVE POTENTIALS ARE EXPOSED
WHEN THE COVER IS REMOVED. ALLOW
SEVERAL MINUTES FOR CAPACITORS TO DiS-
CHARGE BEFORE PROCEEDING.

Figure IV-16. MODEL 162 EQUIPPED WITH PRODUCT
AND RATIO OPTIONS

If the options are ordered at the same time as the
Model 162, they are shipped installed. If ordered at
a later date, the customer will usually have to in-
stall the options himself. This should prove no
problem since the Installation in each case Is
straightforward and can be accompiished in a few

- minutes. However, for safety, the actual installa-
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tion should only be performed by a qualified ser-
vice technician. With the exception c?f the Digital
Storage Option, the option circuitry in each case



is located on a smal! plug-in board which mounts
in either of two special connectors that are direct-
iy in front of the power transformer. If two options
are to be installed at the same time, it doesn’t mat-
ter which option plugs intc which of the two con-
nectors. When a given option is selected at the
front panel, that same option is selected internal-
ly, independent of the connector the option is
plugged into. The Digital Storage Option is a

specidl case in that its circuitry is located on a -

large circuit board that mounts above the upper
mainframe board and in paraliel with ii. Installa-
tion of the Digital Storage Option s treated in
detail further on. The instructions that follow
describe how to install one (or two} of the plug-in
option cards.

(1) The first step is to remove the top cover,
which is secured by two screws on the under-
side of the top-cover overhang at the rear of
the instrument.

(2) Notice whether the instrument is fitted witha
Digital Storage board. If it -is, the Digital
Storage board must be removed temporarily.
This board is secured by six screws. The
cable interconnecting it and the mainframe
circuitry simply unplugs.

if the instrument does not have a Digital Stor-
age board, or if it does have one and it has
been removed as described in the preceding
step, remove the four screws (two will be
standoffs if the unit has digital storage) that
secure the upper mainframe board. With the
four screws removed, the board can be
rotated up and to the left. {The hinges are
located at the left edge of the board facing
the unit from the front.) Once the board is up,
a short length of string or wire can be used to
tie it in position so that it will be out of the
way. -

(4) 1t should now be possibie to see and gain ac-
cess to the two option board connectors
focated immediately in front of the trans-
former. The next step is simply to plug the op-
tion board(s) into the connector{s}. It doesn’t
matier which board plugs into which connec-
tor. The component side of the boards should
face the transformer.

Next secure the board(s) with the small
bracket provided for this purpose. The
bracket is fastened to a cross-rail by a single
screw. There are two other screws in the
bracket as can be seen from the photograph.
Each of these screws passes through the
bracket and threads into a. small securing
block on each coption board. With the screws
instailed, there is no possibility of the option
boards vibrating loose.
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(6) Lower the upper mainframe board into place
and secure it with the screws removed earlier.

{7) 1f a Digital Storage board was removed in step
2, return it to its proper position and secure it.
Do not forget to reconnect the cable. Last of
all, return the cover, completing the pro-
cedure. .

Before considering the individual options, note
that all three can be used for ratic measurement.
in doing ratio measurements, one must take care
to consider the relative response time of the two
channels. If a single-point analysis is being per-
formed, with sufficient time given for both Aand B
to reach their final value, the response time of one
channei relative to the other is not important. On
the other hand, if the output data is being examin-
ed before either or both channels reach the final
value, then care must be taken to make the observ-
ed time constant the same in both channeis.
Otherwise gross errors in interpreting the data
could occur. The situation is the same in scanned
operation. If one is scanning so slowly that both A
and B follow the equivalent input waveform, the
relative response time is no problem. However, if
one channel or the other is being scanned a bit
too fast for “good fidelity™”, it becomes critical
that the observed time constant in both channels
be the same.

The characteristics of the individual options are
described in the following paragraphs.

(1) log (A/B): this option significantly extends the
versatility of the system. In particular, it is
well suited for use in optical density studies
hecause it allows the density to be plotted
directly, where density is defined by the rela-
tionship:

Density = logys (lo/l)

Also, this option Is well suited to fiuores-
cence and phosphorescence decay studies
where muitiple decay times exist. Because
the transfer function of such a reaction is
Eo/Ew=1=—e"Y the various decays may piot
as a series of connected straight lines
segments of decreasing slope, with the in-
flection points marking the decay rate transi-
fions.

Best accuracy is obtained with B as large as
possible. The actual transfer function for the
{og ratic option is:

Eo/Ew = 4.00 l0g.o(|Al/[BI)



(2) A/B: This is the ratio option for which fuil
specifications are provided in Section 1i. The
transfer function is:

Eo/En = 10(A/|B])

(8) Ax B: This is a dual-function option. It can
operate as a multiplier (FUNCTION switch to
Ax B and mode switch on Option board to
AxB) or as a ratio computer (FUNCTION
switch to SPEC and mode switch on Option
board to A/B). Thus this option offers extend-
ed versatility at the expense of slightly
degraded performance in the ratio mode (ratio
accuracy is better for the ratio oniy option).
The specifications for this option are provid-
ed in Section [l. The transfer functions for the
two modes are;

As a multiplier: Eo/Exv=0.1 AX B

As a ratio computer: Eo/Ex = 10(A/|B])

{4) SPEC: In this position, a special option con-
structed by the operator on a suitable circuit
board (blank boards can be purchased from
EG&G Princeton Applied Research Corpora-
tion) can be seiected. This is also the proper
setting to obtain ratio operation with the Mul-
tiplier board, providing the mode switch on
the multiplier option board is set to A/B.

The chassis Wiring Diagram on page Vil-17
shows the connections to the two option con-
nectors, which are wired in parallel. The
FUNCTION switch simply selects the proper
output lines. As shown in the diagram, the
output of processor module A is applied to
pin 22 and the output of processor module B
is appiied to pin 24. With the FUNCTION
switch set to SPEC, pin 26 (output  of
“special” circuit) of the Option connectors is
routed to the mainframe Signal Processing
circuitry, Pins 36, 38, 40, 42, and 44 control the
OPTION light. Each Option board applies
ground to one of these lines (any special
board shouid be constructed so that ground
is applied to pin 42). The Option light circuitry
is arranged such that the OPTION light will
glow if the ground is missing for the selected
board (ground would normally be missing
only if the board itself were missing). Recall
that with the Multiplier Option installed, ratio
operation can be obtained in the SPEC posi-
tion if the switch on the option board is set to
A/B. Conseqguently, one cannot select special
board operation if a muitiplier board having

its mode swifch in the A/B position is install- .

ed. In wiring a special option then, the A and
B inputs respectively will be taken from pins
22 and 24. The output must be made available
at pin 28, and ground should be furnished to
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pin 42, + 15V will be available at pin 2, ~ 15V
at pin 6, + 5 V at pin 10, and ground at pins 14
and 18 (high quality gnd). Do not use pins 22,
24, 28, 30, 32, 36, 38, 40, and 44.

Situations may arise where, even though only a
single Processor Module is in use, it may never-
theless be desirable to operate in an option mode.
Where this is the case, it will be necessary to syn-
thesize the B Processor Module output by apply-
ing a dc voltage (+ 10 V is best for ratio operation)
fo either pin 1 or pin 50 of the rear-panel 50 pin in-
terface connector, P101. Ground Is available at
pins 23, 24, 27, and 28. A mating connector and
cable are supplied with the system to facilitate
operating in this manner.

4.130 CUTPUTS

Providing sufficient processing time has elapsed
for a Processor Module to completely respond to
an applied signal, the signal at its output will be
an inverted replica of the average value of the in-
put signal over the aperture interval. This signal is
either applied directly to the mainframe output cir-
cuits {standard functions} or passed through op-
tional processing circuits first (option installed
and selected). In any case, the signal applied to
the output circuit is first inverted. After inversion,
the signal branches into two paths, one to provide
the f(t) Output signal, and the other to provide the
f(t) Qutput signal. Both outputs are affected by
the Mainframe Time Constant. The panel meter in-
dicates the f(1} Output only. The transfer functions
for the two outputs are discussed below.

(1) f{t): This is the “‘normal” output, that is, it is at
this output that the scan-time replica of the
input signal is made available, with reduced
noise content as determined by the operating
parameters. Taking either the Processor
Module output, or the Option board output,
whichever is appropriate, as E,, the transfer
function for this output is:

f(O/Ep = H(1 + jor)

where w=2 #f, and r=mainframe time con-
stant.

(2) f(t): This is a “pseudo-derivative” output, that
is, it is proportional to the time rate of change
of the Processor Module output or Option
output. With E,, defined as indicated above,
the transfer function for this output is:

FO/EN = KA/ T + Tjwr))]

where » and 7 are as defined above; A is a
multiplying factor dependent on the setting
of the inner knob of the Time Constant con-
troi, which allows values for A from x 10
(CAL. setting) to x1 {x10 setting) to be
selected; and Kk is another multiplying factor



dependent on the setting of R128A, the RATE
adjustment. This adjustment is located on the
fower M162 circuit board immediately behind
the f(t) connector. It Is the adjustment at the
right-front corner of the board, next to the
METER adjustment, and is accessible from
above when the top cover is removed. The
RATE adjustment provides a x 1 to x50 ad-
justment range for k. Units are shipped with
k= 10/2x.

it shoutd be noted that the setting of the inner
Time Constant control knob has a dual effect
with respect to the f(t) output. Not only does
it act as a kind of gain control as described
above, but it also works together with the

_ outer knob to determine the time constant in
the sarme manner as for the f(t) output.

4.’?3E SIGNAL-TO-NOISE AND MAINFRAME

As explained previously, the Processor Module
provides an improvement in signal-to-noise ratio,
with the improvement varying with the square root
of the number of samples of which the Processor
Module output is the average. In the mainframe, a
low-pass fiiter is interposed between the Pro-
cessor Module output and the f(t) output. The
passband of the filter is set by the mainframe
Time Constant, with the 3 dB down frequency be-
ing 1/2xz7. This filter provides additional noise
reduction, that is, the noise content of the signal
at the f{t) output is less than at the Processor
Module output. (NOTE: The f(t) exhibits a high-
pass characteristic with the 3 dB down frequency
equal to 12x7.)

The analysis of the relationghip between the Pro-
cessor Module operating parameters and the
mainframe time constant (MTC) as it relates to
noise reduction is complex, and no simple expres-
sion defining the net signal-to-noise ratic improve-
ment can be given. Nevertheless, some general
guidelines can be offered. A key paramaeter is the
trigger repetition frequency. The most important
noise components out of the Processor Module
are concentrated in a frequency band having the
trigger repetition frequency as its upper Himit. If
the 3 dB down frequency of the MTC filter is below
the trigger repetition frequency, the MTC filter will
provide additional noise reduction. If the 3 dB
down frequency is above the trigger repetition fre-
quency, there will be no significant additional
noise reduction. In most experiments, significant
additional noise reductions can be achieved, and,
in fact, the noise reduction provided by the main-
frame filter can equal or surpass that achieved in
the Processor Module. However, if the MTC is of
the same order as, or larger than, the Processor
Module observed time constant, then the real time
required to make a measurement is increased. In
terms of scanned operation, a slower scan is re-
quired to maintain the same resolution. The

following exampie illusirates how the MTC can be
used to significantly improve the noise reduction
without degrading the scan time requirement.

Given: M162 equipped with a M164. Critical param-
eters are: AD=10"% s, fr=10° Hz; and PMTC
=10 ms (maximum).

Problem: To determine the largest MTC that can
be used without requiring increased scan
time and to estimate the additionai noise re-
duction that can be achieved with MTC com-
puted.

Solution: The OTC of the Processor Module=
PMTC/IAD x trm)=1 s. Therefore, as long as
the MTC selected is a factor of three or more
smalier than 1 s, slower scanning will not be
necessary. L.et us assume then that a MTC of
100 ms is selected.

The 3 dB down frequency of the mainframe
fitter with a 100 ms time constant will be
1.6 Hz, well below the f;, 0f 10° Hz. Thus a sig-
nificant additional noise reduction can be ex-
pected. To a VERY ROUGH approximation,
with the filter corner frequency heing so
much lower than the fzz freguency, the main-
frame noise reduction will vary as the square
root of the ratio of 1,z 10 f1, approximately 25.
The processor module noise-reduction factor
(2-/ADY"* is 45. the overall nocise-reduction
factor will be the product of the two factors,
about 1100. Although the computed addi-
tional noise reduction achieved in the main-
frame may differ considerably from that esti-
mated, it is nevertheless clear that use of the
MTC atlows a noise reduction to be achieved
that is very much greater from what one
would expect from the maximum M184 Time
Constant of 10 ms, and without. increased
scan time. :

4.14 DIGITAL STORAGE OPTION

414A OPERATION

One characteristic of a perfect boxcar integrator
is that its output level does not change between
aperture openings. Such a boxcar integrator is de-
scribed as having an infinite hold time. One resuit-
ing benefit is that the signal-recovery capabilities
of the instrument would be independent of the
aperture duty factor. Expressed another way, for
any aperture duration, the trigger repetition rate
could be made low without limit and still not have
an adverse effect on the instrument's signal
recovery capabitities.

Unfortunately, real instrumenis seldom equal the
projecied performance of a perfect “model” and

“the Mcdel 162 is no exception. Leakage currents

V.26




from various sources cause the voltage at the out-
put to change between aperture openings. Where-
as the output changes that occur during aperture
openings due to input signal tend to bring the in-
strument output level to G x E,, (G is the gain), the
output changes that occur between aperture
changes as a result of leakage currents tend to
bring the instrument output level away from G x
Ew. Depending on the relative amplitude of the
two effects, there will always be some degree of
error. By properly choosing the operating param-
eters, the error can usually be made negligibly
small.

Consider the case where a full-scale input {(single
point) is to be recovered by exponentiat averaging
{(M163 or M164 in EXP. mode). For the early aper-
ture openings, the output change per aperture
opening will be large because the RC charging
curve initially has a rapid rise. By the time enough
aperture openings have occurred to give a total
open-aperture time of one time constant, the out-
put will be at 63%, and the incremental output
change per aperture opening will be less due to
the decreasing slope of the RC curve. As the ex-
periment continues, the output will continue {o
rise towards G x En, but the incremental change
per apetture opening will continue to decrease.
The limit is reached when the incremental cutput
change per aperture opening due to signal is ex-
actly equal to that which occurs between aperture
openings due to leakage. No matter how many
more times the aperture opens, the output level
‘will simply “sawiooth’™ about the equilibrium
point. If the cperating parameters are selected
such that the equilibrium point is very near
G x E, leakage effect errors will be negligibly
smail. What this means practically is that as long
as the hold-time limits for the Processor Module
are not exceeded, error due 1o [eakage effects will
be no greater than 1% of full scale. In other words,
assuming a full-scale input, the equilibrium point
will occur within 1% of full scale, If the hold-time
limitations are exceeded, larger errors will occur.
In fact, under extreme conditions, the error can be
so great as to render the instrument virtually use-
less unless it is equipped with the digital storage
oplion.

in most applications, leakage effect degradation
can be greatly reduced by use of the digital
storage option. Two digital channels are provided,
allowing two Processor Modules to be accommo-
dated at once. However, there are operating re-
sirictions, First, a Mode! 163 cannot be operated
in the Baseline Sampling Mode when the Digital
Storage Option is activated. Second, the Digital
Storage Option must be aligned to match the Pro-
cessor Modufe with which it is to be used. As a
result, the two digital storage channels are
specific with regard to processor module posi-
tion. If the digital storage option is aligned to
operate with a specific Processor Module in slot

“A” and anotherin slot “B”, the two modules can-
not be interchanged {(uniess, of course, one
operates with the digital storage OFF),

The digital storage option itself exhibits a short-
term drift {+ 0.2%/minute, or less). This drift can
produce total deviations of + 4% of full scale, but
no more. Even though this drift stops when it -
reaches 4% of full scale, it nevertheless limits the
hold-time performance {minimum trigger rate
commensurate with no more than 4% of fuli-scale
error).

With the specified drift rate of 0.2%/minute, the
4% hold time of the digital storage unit can be
stated as 20 minutes or 1200 s. Thus, whenever
the hold time of the processor module Is less than
1200 s, the digital storage can be switched on to
achieve an overall hold time of 1200 s. in short, the
minimum trigger rate commensurate with no more
than 4% of full-scale error can be extended down
{0 11200 Hz by use of the digital storage.

At trigger freguencies below 11200 Hz ({digital
storage operating), the situation is exactly
analogous to that without digital storage. There is
an output level change between aperture open-
ings (always 4%) that tends to bring the output
ievel away from G xE,. During each aperture
opening, there is an output level change due to
the appiied signal that tends to bring the output
towards GxE,. As before, there will be an
equilibrium point somewhere on the RC curve
where the two effects balance, and that point will
be where the signal increment is exactly 4% of
full scale. No matter how many more aperture
openings occur, the output will move no closer o
G x E. The error can be small (equilibrium reach-
ed near the asymptotic part of the curve) or large
{equilibrium reached near the beginning "steep”
part of the curve). -

Cne technique that can sometimes be used to
good advantage when working at an extremely low
repetition rate is to use linear averaging, in which
the output change per aperture opening is always
the same. This way, if the aperture duration and
time constant are selected to give greater than
4% output change during each aperture opening,
there is no limit in how low the trigger rate can be.
There will, however, still be an error equal to N%,
where N is the number of repetitions. By noting
the direction of the error, it can easily be allowed

- for in evaluating the final output level. Note that
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pseudo-linear averaging can be accomplished
with a Model 163 by operating only on the early
“linear” portion of the RC curve. Providing the
number of repetitions is kept low enough so that,
with a full-scale input applied, the output (ignoring
leakage) doesn’'t exceed 63% (nominally) of
G x E., the situation is analogous to LIN. averag-
ing with a Model 164 and the same principles ap-

piy.



It shouid be noted that digital storage does not oc-
cur for the entire interaperture interval. Figure
IV-17 shows the digital storage timing relation-
ships. Note that each time the unit is triggered, a
Delay Range Frame is generated. The frame dura-
tion equals the selected Aperture Delay Range
plus a few percent. If the digital storage is ac-
tivated, a 1 ms ENCODE command is produced at
the end of the Delay Range Frame. During the EN-
CODE command, the digital storage circuitry
reads the analog stored level, and does an A-to-D-
to-A conversion. At the end of the ENCODE com-
mand, the encoded data is fed back to the analog
integrator in such a way as to hold the instrument
output unchanged {except for 4% of f.s. short-
term drift) until the next trigger. Note that the trig-
ger repetition rate can be no faster than allowed
by the sum of the Delay Range Frame and EN-
CODE, and, in fact, a small settling time in addi-
tion should be provided. Generally speaking, if the
situation is such that the Digital Storage prevents
one from triggering as rapidly as desired, it is
almost certain that digital storage need not be
used in the application. Furthermore, if digital
storage need not be used, it should not be used. In
situations that don’t really call for digital storage,
better results will be obtained with it turned off.
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Figure IV-17. DIGITAL STORAGE OPTION TIMING

No digital storage takes place over the interval
bounded by the sum of the Delay Range Frame
pius the ENCODE command. Thus even with the
digital storage option installed and active, there is
a portion of each cycle when the hold-time charac-
teristics of the Processor Module dominate. For
optimum performance, this portion should be kept
as small as possible. Practically speaking, this
means that the selected Aperture Delay Range
should be no longer than necessary.

Operation with digital storage can be summarized
as fotiows.
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{1y MODEL 163; If the trigger rate is faster than
5 Hz, do not use digital storage. if the trigger
rate is lower than 5 Hz, use digital storage. It
should be possible to achieve trigger rates as
fow as 1/1200 Hz without leakage errors ex-
ceeding 4% of full scale (nominal). Errors will
be larger with lower trigger rates. In certain
applications it may prove advantageous to
use the pseudo-linear averaging technique.
Bear in mind that one cannot use digital stor-
age in conjunction with baseline sampling (no
harm will resuit but the digital storage option
will not improve the instrument's perfor-
mance),

MODEL 164: If the trigger period is shorter
than P.ax, do not use digital storage. If the
trigger period is longer than P,.y, use digital
storage. lt should then be possible to trigger
as low as 1/1200 Hz without leakage errors ex-
ceeding 4% of full scale (nominal). Errors will
be larger with lower trigger rates. In certain
applications invoiving very low trigger rates, it
may prove advantageous to use linear averag-
ing instead of exponential averaging.

(3} Any time digital storage is used, be sure thaf
the selected APERTURE DELAY RANGE is no
longer than necessary.

It should be noted that the hold-time character-
istics of some processor modules will be much
better than specified. Similarly, the short-term
drift rate of some digital storage units will be
much better than the specified 4% in 1200 s rate.
As a result, one may find that the minimum trigger -
rate commensurate with 4% leakage degradation
will be much lower than specified for some Pro-
cessor Modules, or that a given digital storage op-
tion will actually hold the leakage error to 4% for
trigger rates lower than 1/1200 Hz. '

4.14B DIGITAL STORAGE INSTALLATION

The Model 182 can be purchased with or without
the Digital Storage Option. If purchased with the
option, the option is installed at the factory. If the
Digital Storage Option is not purchased initially,
but rather at some later date, the installation
would ordinarity be done in the fieid. Those op-
tions to be installed in the field are prealigned as
much as possible. However, some adjustments
have to be made in the field to match the option
characteristics to the specific Processor Moduie
with which it is to be used. The installation proce-
dure .follows. For safety, the installation should
only be performed by a qualfied service techni-
cian.

{1) Check to be sure that the Modei 162 line cord
is unplugged. Then remove the top cover,
which is secured by two screws on the under-
side of the overhang at the rear of the instru-
ment.



{2} Bemove the four screws that secure the main-
frame upper circuit board in place. With the
screws removed, it should be possible to
rotate the board upwards (hinges are at ieft
edge of board).

(3) Take four of the six standoffs supplied and
mount them with nuts in the four holes in-
dicated in Figure 1V-18. Note that these are
NOT the four holes from which the screws
were removed in the preceding step.

(4) Rotate the board back to its original position
and secure it, using two of the screws remov-
ed in step 2. Figure IV-18 indicates where the
screws are to be located.

(5) Take the remaining two standoffs and screw
them into the front pair of holes as indicated
in the figure,

{6) Position the Digital Option board, component
side up, and with the cabie extending 1o the
left, above the mainframe upper circuit board

such that each of the six option-board mount- -

ing holes is directly above the corresponding
mounting post (standoff) installed in the
preceding steps.

(7} Secure the Digital Option board to the six
mounting posts, using the six 8/16” long
standoffs/screws provided.

{8) Plug the option-board cable into the sixteen
pin matching connector located towards the
left-hand edge of the mainframe upper circuit
board. NOTE: Do not “twist” the cable. Just
fold it naturally and plug it in. Pay no attention
to any “mismatch’ of connector-pin numbaers.

This completes the Option board installation. The
alignment (zero and gain adjustments) foilows.

4.14C MATCHING DIGITAL STORAGE OPTION
TO PROCESSOR MODULE

The foliowing procedure (to be performed by
qualified service technician only) sets the zero
and gain for both Digital Storage Channels. Four
adjustments are invoived; the others should be
left undisturbed. This procedure should be used
whenever it is necessary to match the digital
storage option to a Processor Module. Once
matched to a given Processor Module operating in
a given channel, the adjustments need not be dis-
turbed again, except possibly as part of a reguiar
maintenance program. However, if any other Pro-
cessor Module is to be operated in the same chan-
nel, with the digital storage turned on, the align-
ment will have to be repeated for that channel if
proper operation is to be obtained.
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Figure 1V-18. MODEL 182 UPPER CIRCUIT BOARD SHOW.
ING DIGITAL STORAGE OPTION MOUNTING HOLES

(1) Prelimnary Steps

{a} Plug in the line cord, turn on the power,
and allow a half-hour warmup. NOTE: The
assumption is made that the Processor
Modules to which the Digital Storage Op-
tion is to be matched have been installed.
if there is but one Processor Module,
place it in the Channel A position and do
the Channel A adiustments only. The
Channel B adjustments can be performed
later if a second Processor Module
becomes available. If a Model 163 is in-
volved, the Sampling Head should be in-
stalied and the DC BALANCE adjusted.

Set the mainframe controls as follows.

Aperture Delay
% Initial A: 10%
% Initial B: 10%
Range: 5 mSEC

Aperture Duration: 5 uSEC and CAL

Scan Time: setting immaterial

Scan Select pushbutions; EXT depressed;

- all others released

Trigger Mode pushbuttons: LINE depress-
ed; all others released

Trigger Level; Adjust for proper triggering
as indicated by steady glow of TRIG-
GERED light

Function switch
Outer knob: A
Inper knob: DIG. STORAGE ON

Time Constant: 0.1 mSEC

Set the controls of Model 164 Processor
Module(s) as foliows.




(d)

Time Constant: 1 uSEC .
Pushbuttons: Select EXP, GROUND, PC,
and 50 Q :

Set controls of Model 163 Processor Mod-
ule(s).as follows.

Sensitivity: 1 V

Samples Averaged: 10

Baseline Sample Delay
Outer knob: fully counterclockwise
Inner pushbutton: pressed IN

(2) Zero Adjustments (Figure IV-18)

(@)

(b)

Set the Channel A Processor Module
ZERO control (M163 or M164; it makes no
difference) for “0” panel meter indication.

Connect the oscilloscope to the Channel
A Processor Module OUTPUT pin jack.
The scope sensitivity should be
10 mV/cm, and the sweep rate should be
2ms/fcm. The oscilloscope should be
LINE triggered and it should be DC cou-
pled.

Set the CHANNEL A ZERO adjustment -

(Dig. Storage Option board) for minimum
pedestals in the oscilloscope display.

Set the mainframe FUNCTION switch to
B. Then adjust the Channel B Processor
Module ZERO controf for “0” panel meter
indication.

Connect the oscilloscope probe to the
Channel B Processor Module QUTPUT pin
jack. Then set the CHANNEL B ZERO
adjustment (Dig. Storage Option board)
for minimum pedestals in the oscil-
loscope display.

Set the FUNCTION switch back to A.

Make provision for measuring the voltage
at the f(t) mainframe output.

Press CLEAR at the front-panel of the “A”
Processor Module.

While continuing to press CLEAR, adjust
R9954 (left-front corner of Digital Storage
circuit board facing unit from front) foro v
at the f{t) Output connector.

Set the FUNCTION switch to “B™.

Then press CLEAR at the front panel of
the “B” Processor Module.

While continuing to press CLEAR, adjust
RY9897 (left-rear corner of Digital Storage
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circuit board facing unit from front; see
page VI|-24 if there is any doubt as to the
identity of R9997) for 0 V at the f{t) Output
connector.

{m) Set the FUNCTION switch ack to A and go
on to step 3.

(3) Gain Adjustments (Figure 1V-19)
(@) Change the osciiloscope to ac coupling.

{b) Turn the Digital Storage OFF (inner knob
of FUNCTION switch).

If Channel A Processor Module is a Model
164, release GND pushbution and de-
press CAL pushbutton. Then set the CAL
screwdriver adjustment for exactly full-
scale panel meter indication.

(c

If Channel A Processor Module is a Model
163, connect + 1V to the Model 163 Input,.
Then trim value of applied dc as required
to obtain exactly full-scale pane! meter in-
dication.

Turn the Digital Storage Option ON (inner
knob of FUNCTION switch).

Connect the oscilloscope probe to the
Channel A Processor Module Output pin
jack. Then set the CHANNEL A GAIN ad-
justment (Dig. Storage Option board) for
minimum pedestals in the oscilloscope
display.

CHANNEL B GAIN —m
CHANNEL B ZERC--#nt

CHANNEL A GAIN
CHANNEL A ZERD ~wis]

Figure IV-19. DIGITAL STORAGE ZERO AND
GAIN ADJUSTMENTS



{fi Set the FUNCTION switch to B and tum
the Digital Storage OFF (inner knob of
FUNCTION switch),

{g) If the Channel B Processor Module is a
Model 164, release GND pushbutton and
depress CAL pushbutton. Then set the
CAL screwdriver adjustment for exactly
fuli-scaie panel meter indication.

If the Channel B Processor Module is a
Model 1683, connect +1 V to the Model
163 Input. Then trim value of applied dc as
required to obtain exactly full-scale panel
meter indication,

(h) Turn the Digital Storage Option back ON.

(i) Connect the oscilloscope probe to the
Channel B Processor Module QUTPUT pin
jack. Then set the CHANNEL B GAIN ad-
justment {Dig. Storage Option board) for
minimum pedestais in the oscilloscope
display.

{4} Final Checks

(a) The panel meter indication at this point
should be fuli scate. Press in the EXT Trig-
ger Mode pushbution. The panel meter in-
dication should not change.

(b) Set the FUNCTION switch back to A. The
panel meter indication should be full
scale.

(c) Momentarily depress the Channel A Pro-
cessor Module CLEAR pushbutton. The
panei meter indication should go to zero,

{d) Set the FUNCTION switch back to B. The
panel meter indication should be “0".

(e) Ground the input of the Processor Mod-

' ule(s}. in the case of a Model 164, this is

done by depressing the GND pushbutton.

in the case of a Model 163, the dc source

should be removed and a grounding plug
connected to the input in its place.

{fy Depress the LINE Trigger Mode pushbut-
ton. Then vary the Channel B Processor
Module ZERO control over its entire
range. The output Indication should
smoothly track the Zero Control setting.

. The'range of the control should be nomi-

(g) Set the FUNCTION switch to A. Then re-
peat the Zero Control check described in
the previous step, this time using the
Channel A Processor Module ZERO con-
trol.

THIS COMPLETES THE ALIGNMENT STEPS NEC-
ESSARY TO MATCH THE DIGITAL STORAGE OP-
TION TO THE PROCESSOR MODULES WITH
WHICH IT IS TO BE USED. NOTE THAT IN EVERY
APPLICATION REQUIRING DIGITAL STORAGE,
THE PROCESSOR MODULES WILL HAVE TO BE
OPERATED IN THE SAME POSITION AS FORTHE
PRECEDING ALIGNMENT. IF A DIFFERENT PRO-
CESSOR MODULE IS USED, THE ALIGNMENT
WILL HAVE TO BE REPEATED WITH THAT
MODULE.

4.15 READOUT AND RECORDING

In single-point analysis, the panel meter allows ac-
curate readings to be taken of the average signal
level over the aperture duration interval. Better
readout resolution can be obtained by monitoring
the output with a differentiai or digital voltmeter.
This better resolution is provided automatically in -
units equipped with a digital panel meter. -

For reading out a scanned analysis, any of several
different type devices can be used. Strip-chart
recorders, X-Y plotters, oscilloscopes, and scope

_ monitors are all suitable in particular applications.

nally full scale, though not necessarily .

symmetrical with respect to “0".
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Probably the most important single factor to con-
sider in the choice of recording device is the in-
tended scan speed. Assuming the scan time is of
the order of the resolution requirements of the
signal being analyzed, important detail will be lost
ifthe scan is too fast for the readout device. Ex-
cessively siow scan times can cause other
troubles with some readout devices. Generally
speaking, a strip-chart or X-Y recorder is used with
a siow scan. Oscilloscopes and scope monitors
are used with a fast scan.

lf an X-Y plotter is used, the X axis drive is best
developed from one of the rear-panel outputs. The
signal at the SCAN INJOUT connector is probably
best suited to this application because it begins
at 0 V. Note that access to pen-lift relay contacts
is provided at the rear-panel Interface connector
(see Table IV-1). Operation in conjunction with
scope monitor such as the Tektronix type 604 is
facilitated by making use of the internaily -
generated scope retrace-blanking signals, also
provided at P101 as indicated in Table IV-1.



SECTION V
ALIGNMENT

5.1 SAFETY NOTICE

WARNING! _
POTENTIALLY LETHAL VOLTAGES ARE PRES-
ENT INSIDE THIS APPARATUS. These service in-
structions are for use by qualified personnel only.
To avoid electric shock, do not perform any servic-
ing other than that contained in the operating in-
structions unless you are qualified to do so. Any
adiustment, maintenance and repair of the open-
ed apparatus under voltage shalil be avoided as far
as possible and, if unavoidable, shall be carried
out only by a skilled person who is aware of the
hazard involved, When the apparatus is connected
to a power source, terminals may be live, and the
opening of covers or removal of parts is likely to
expose live parts. The apparatus shall be discon-
nected from all voltage sources before it is open-
ed for any adjustment, maintenance, or repair.
Note that capacitors inside the apparatus may
still be charged even if the apparatus has been
disconnected from all voitage sources. Service
personnel argé thus advised to wait several
minutes after unplugging the instrument before
assuming that all capacitors are discharged. lf any
fuses are replaced, be sure to replace them with
fuses of the same current and voltage rating and
of the same type. The use of makeshift fuses and
the short-circuiting of fuse holders are prohibited.

5.2 INTRODUCTION

This section contains procedures for aligning the
Modei 162 Mainframe, the Models 163 and 164
Frocessor Modules, and the various options. Even
though this instrumentation is conservatively
designed with only the highest quality com-
ponents used throughout, alignment may be ad-
visable after a long period of heavy use to be
assured of continued high confidence in measure-
ment data obtained with the system. Also, shouid
a malfunction occur that requires instrument re-
pair, alignment after the repair is advised.

Any of the principal components {(Mainframe,
M163, M164) can be independently aligned. How-
ever, to align the Processor Modules, it is
necessary that one first have a properly function-
ing M162 Mainframe. The Mainframe is aligned
without the Processor Modules. in aligning a

given system component, it is suggested that the .

adjustments be made only in the indicated se-
quence, and that any decision to make a partial
alignment be reserved to someone having suffi-
cient knowledge of the circuitry to fuily under-
stand ail possibie interactions.

Note that the procedures that follow are not in-
tended to be used for troubleshooting. If the in-
strument is suspected of malfunctioning, go
directly to Section VI, which gives procedures for
isolating faulty circuits. Each system component
must be troublefree before it can be aligned.

5.3 REQUIRED EQUIPMENT

(1) Oscilioscope having dual-channel and sam-
pling capabilities in addition to single-
channel real time operation—TEKTRONIX
7000 series Mainframe with appropriate plug-
in modules.

(2) Sine wave osciliator having accurate ampii-
tude and frequency output—KROHN-HITE
Model 4022.

(3) Sine wave oscillator to provide 1 V rms sine
waves over range of 1 MMz te 12 MHz—TEK-
TRONIX Model 191,

{4) General-purpose Digital Voltmeter—FAIR-
CHILD Model 7000A.

(5) Precision Voltage Source (10 V =1 mV, either
potarity).

(6) Fast, clean, square-wave source—E. H. Model
G710.

{7) Accurate ac voitmeter—HP Model 400 EL.

(8) Generat-purpbsa counter with start/stop
capabilities—HP 5325B.

(9) High-speed Pulse Generator—GR 1394-A.
{10) AC Voltmeter—HP 400D.

{11) Ohmmeter—SIMPSON 260,

{(12) Extender Cable(s) that allow Processor Mod-
ules to be operated outside the Mainframe. .
Note that two cables are required for the
M163—EG&G PARC #6020-0093 (required for
both M163 and M164); EG&G PARC #6020-
0098 (required for M163 only).

(13} Sampling Head Extender board (required only
if M163 is to be aligned)—EG&G PARC #1710-
0017. '



5.4 MAINFRAME (M162) ALIGNMENT

5.4A PRELIMINARY STEPS
(1} Remove the top cover (secured by two screws
on the underside of the rear “overhand™).

{2) Note that there are two parallel circuit boards,
one above the other. The upper board, which
is secured by four screws, is hinged on the
left side (front view) so that it can be lifted up
out of the way {0 give access to the lower
board. Remove the four screws that secure
the upper board. Then rotate it upwards as far
as it will go and tie it in that position with
some string. NOTE: If the unit is equipped
with a digital storage option, the Digital Stor-
age board, secured by six screws and a cable,
must be removed first.

(3) Check the position of the rear-panel Line Volt-
age Selector. Be sure it is set to the nominal
jine voltage. Then plug in the line cord, turn
on the M162 power, and allow a 15 minute
warmup.

(4) Set the M162 controls as follows.

Aperture Delay Controis
% initial A: 10%
% Initial B: 10%
Range: 10 mSEC
Trigger Level: midrange
Aperture Duration: 50 xSEC and CAL
Scan Time: 10 SEC and CAL
Function: A
Time Constant: .1 mSEC and CAL
Trigger Mode pushbuttons: EXT depressed;
ail others released
Scan Select: A depressed; all others released
Power: ON (from step 3)

5.4B POWER SUPPLY CHECKS AND ADJUST-
MENTS (Refer to Figures V-1 and V-2 for
location of indicated points)

(1} + 15V ADJ(R216A, upper board): Connect the
digital voltmeter (hereafter referred to as
DVM) to the positive end of capacitor C266.
NOTE: AIll upper-board components have
“200" series numbers. Lower-board compo-
nents have ''100” series numbers. Then ad-
just R216A (+ 15 V ADJ) for a DVM indication
of +15.00 V.

(&) - 15V ADJ (R212A, upper board): Connect the
DVM to the negative end of capacitor C2686.
Then adjust R212A {(—~ 15V ADJ) fora DVM in-
dication of - 15.00.V. '

(3) 5 V and 50 V Checks (upper board)

(a} Connect the DVM to the positive end of
capacitor C262. The voltage should be
+50V +2V,
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(b} Connect the DVM to the negative end of
capacitor C258. The indicated voltage
shouid be -50V =2V,

(c) Connect the DVM to the positive end of

capacitor C255. The indicated voltage

should be +5V 0.2V,

{d) Connect the DVM to the positive end of

capacitor C110A {lower board). The in-

dicated voltage should be +5V +0.2 V.

Remove the DVM.

5.4C TRIGGER CIRCUIT ADJUSTMENTS
(1} Frequency Response (C115A and C121A;
lower board)

(&} Verify that the EXT trigger pushbutton is
depressed and that the SLOPE pushbut-
ton is released.

Remove the wire that attaches to quick-
disconnect terminal P138 on the lower
board. Tape the terminal at the end of the
wire so that it won’t accidentally short
against some other component.

(b)

Set up the controls of the square wave
generator to provide a 200 mV (zero-to-
peak) square wave at 500 kHz. Connect
the square wave to the Trigger INPUT con-
nector of the Model 162, Use a BNC “Tee”
at the INPUT connector and terminate the
applied square wave in 50 .

Be sure the compensation on the oscillo-
scope probe is properly adjusted. Then
monitor the signal at TP108A. NOTE: The
test points are small terminals identified
by “foil”" lettering on the boards, and by
callouts in Figures V-1 and V-2,

Adjust the M162 TRIGGER LEVEL control
until the display is centered between the
clipped limits. Then adjust trim-capaci-
tors C121A and C115A for the best observ-
ed square wave response (flat top with
minimum overshoot).

(2) Trigger Symmetry (R153A; lower board)

{a) Connect the DVM to the wiper of the
TRIGGER LEVEL control. Then adjust the
control for a DVM indication of 0.00 V. Re-
move the DVM.

Set the controls of the sine wave genera-
tor to provide a 1 V pk-pk 1 kHz sine wave.
Connect this signal to the Trigger INPUT
connector and to the vertical input of the
oscilloscope.
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Trigger the oscilloscope externally from
the negative edge of the signal at quick-
disconnect terminal P138. P138 is the
board connector. Do not attempt to trig-
ger the scope from the signal or the end of
the wire {removed in earlier step) that nor-
mally connects to P138. In some in-
stances it might be necessary to adjust
R153A (TRIGGER SYMMETRY) to get a
trigger signal at P138. Then monitor the
input signal with the oscilloscope, Care-
fully set the display baseline on the
center of the display graticule {scope cou-
pting to GND). Then, with the scope dc
coupled, display the sine wave signal.

Vary the setting of R153 A (TRIGGER
SYMMETRY) and note that it determines
the vertical separation between the start
of the displayed sine wave and the center
tine {ground) of the graticule. Note also
that as the Model 162 SLOPE pushbutton
is alternately pressed and released, the
vertical offset of the signal start shifts
with respect to the ground reference. The
objective is to find that setting of R153A
for which the signal start offset magni-
tude is the same, but the polarity op-
posite, as the SELOPE pushbutton is alter-
nately pressed and released.

Remove the line carrying the external trig-
gering signal from P138 to the oscillo-
scope and change the oscilloscope over
to internal triggering.

{3) Clipping Level Checks

(@)

Set the amplitude of the sine wave gener-
ator output to 100 mV pk-pk {frequency to
remain at 1 kHz). Then transfer the oscillo-
scope from the signal generator to
TP108A. The observed signal should be a
sine wave with an amplitude of 200 mV pk-
pk. NOTE: In some instances, it may be
necessary ¢ adjust the front-panel TRIG-
GER LEVEL control to obtain this signal.

Increase the amplitude of the input signal
to 3 V pk-pk. Clipping should be observed
with a pk-pk amplitude of nominatly 1 V.
The peaks, though clipped, will be some-
what rounded. Remove the scope from
TP108A.

(4} Line Trigger Checks

(@)

Press in the LINE Trigger pushbution.
Then monitor the signal at Quick Discon-
nect Terminal P138 with the oscilloscope.
The observed signal should be a 60 Hz
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(50 Hz where the power freguency is
50 Hz) square wave with an amplitude of
3V pk-pk.

Reverse the position of the SLOPE push-
button. The waveform should remain un-
changed. NGTE: if the oscilloscope were
synchronized from the line, one would
observe a 180° phase shift with the
change in selected slope.

(5) Trigger Risetime Check

(@)

Remove the sine wave generator from the
Trigger INPUT. Connect in its place the
square wave generator, terminated in
50 Q. Set the generator controls to provide
a 1V zero-to-peak square wave at 1 MHz
Depress the EXT Trigger pushbutton.

Set up the oscilloscope for sampling
operation. Then monitor the signal at
quick-disconnect terminal P138. Measure
the 10% to 90% risetime of the negative
transition. It should be in the range of 2 ns
to 4 ns.

Remove the generator. Then reconnect to
quick-disconnect terminal P138 the wire
that was disconnected earlier.

54D SIGNAL PROCESSING CIRCUIT
ADJUSTMENTS
(1) U101A Zero (R112A; lower board)

(@)

Verity that the Function switch is set to

AT and that the Time Constant is set to

.1 mSEC and CAL.

Connect a short ¢lip lead from TP101A to
that end of R111A that is closest to
TP101A.

Connect the DVM to TP103A. Then adjust
R112A (U101A ZERO) for a DVM indication
of 0.00 V. Remove the clip lead installed in
the previous step.

(2) U102A Zero (R115A; fower board)

(ay

)

(©)

Connect a clip lead from TP106A to the
end of R111A nearest TP101A.

Connect a second clip lead from TP103A
to the same end of RT11A.

Connect the DVM to TP104A. Then adjust
R115A {U102A ZERO) for a DVM indication
of .00 V. Remove the two clip leads and
the DVM. '



(3) U103A ZERO (R123A; lower board)

{a) Connect a clip lead from TP104A to the
end of R111A nearest TP101A.

(b)
to TP108A.
{c) Monitor the front-panel f(t) OUTPUT con-
nector with the DVM. Then adjust R123A
(U103A ZERO) for a DVM indication of
0.00 V. .
(d) Remove the clip iead interconnecting
TP105A and TP106. Do not disturb the
other clip tead.

(4) U104A ZERO (R130A; lower board)
(8) Rotate R128A (RATE) fully clockwise.

(b) Transfer the DVM to the front-panel f(-t)
OUTPUT connector. Then adjust R130A
(U104A ZERO) for a DVM indication of
0.00 V.

{c} Remove the clip lead interconnecting
TP104A and R111A.

{5) U102A Gain (R119A; lower board)

(@) Set the controls of the precision dc
source to supply — 10.00 V. Then connect
the —10.00 V level to TP101A.

(b} Transfer the DVM back to the f(t) OUTPUT
connector. Then adjust R118A (U102A
GAIN) for a DVM indication of +10.00 V.

(6) Meter Cal. (R162A; lower board)

(a) In units having mechanical meters, con-
nect a jumper across the meter terminals.
Then check, and, if necessary, adjust the
mechanical zero. Remove the jumper.

The DVM should still be connected to the
fity OUTPUT connector and
should still be applied to TP101A. The
next step is to adjust R162A (METER CAL)
for exactly full-scale panel meter indica-
tion.

{7) Differential Zero Check

(@) Set the FUNCTION switch to A — B. Then,
with —10.00 V still applied to TP101A,
connect a jumper from TRP101A to TP102A.

(b) Note the DVM indication (monitoring f(t)
OUTPUT connector). The indication
shouid be no more than 20 mV, either
_polarity. :

Connect a second clip lead from TP105A -

-10.00 V.
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(c) Remove the 10V source and the DVM. Set
the FUNCTION switch to A",

(8) Time Constant Checks

(@) Set the sine wave generator controls to
provide a 10 kHz sine wave with an .
amplitude of 6.3 V rms. Apply this signal
to TP101A. '

Measure the signal at the front pane! f(t)
connector with the ac voltmeter. Check to
be sure the M162 Time Constant is set to
0.1 mSEC and CAL. The ac voltmeter in-
dication should be 1V £.15 V rms.

Rotate the inner knob of the Time Con-
stant control to the x 10 position. The ac
voltmeter indication should decrease to
100 mV =15 mV rms.

Return the Time Constant inner knob to
CAL and set the outer knob to 1 mSEC.
The ac voltmeter indication should be
100 mVY +25 mV rms.

(e} Set the Time Constant to 10 mSEC and
CAL. The ac voltmeter indication should
decrease to 10 mV £2.0 mV rms.

{fy Decrease the frequency of the applied
signal to 10 Hz. Then set the Time Con-
stant to .1 SEC and CAL. The ac voltmeter
indication should increaseto 1V = .20V
rms. :

Set the Time Constant to 1 SEC and CAL.
The ac voltmeter indication should de-
crease to 100 mV =20 mV rms. -

Set the Time Constant to 10 SEC and CAL.
The ac voltmeter indication could de-
crease o 0 mV =20 mV rms.

(©) f(t) Rate Adj. (R128A; lower board)

(@ Set the Time Constant to .1 mSEC and
CAL. Then increase the frequency of the
applied signal to 1 kHz and adjust the
amplitude of the applied signal as requir-
ed to obtain an ac voltmeter indication of
1V rms.

Rotate the inner knob of the Time Con-
stant control clockwise as required to ob-
tain an ac voltmeter indication of 0.707 V
rms. '

Transfer the ac voltmeter to the f{t} OYT-
PUT connector and adjust R128A (;(t)
RATE ADJ) for an ac voitmeter indication
of 0.707 V rms.



(d) Remove the sine wave source and volt-
meter.

8.4E SCAN RAMP ADJUSTMENTS
(1) Set the front-pane! controls as follows.

% Initial A and % Initial B: fully counterciock-
wise

Scan Time: .01 SEC and CAL

Scan Select pushbuttons: EXT and HOLD de-
pressed; all others released

(2) CHANNEL A SCAN ZERO; U105 ZERO (R159;
fower board)

(@) Connect the DVM to the rear-panel CHAN
A SCAN BNC connector,

(b} Adjust R158 (CHANNEL A SCAN ZERO)
for a DVM indication of 0.00 V.

{3) CHANNEL B SCAN ZERO: U108 ZERO (R160;
lower board)

{(a) Connect the DVM to the rear-panel CHAN
B SCAN BNC connector.

(b) Adjust R160 (CHANNEL B SCAN ZERO)
for a DVM indication of 0.00 V.

{4) FULL-SCALE DELAY ADJUST; DELAY SCAN
ADJ (R108; lower board)

{a) Rotate the % INITIAL A and % INITIAL B
dials ten full turns (setting of 10.00).

(b} Transfer the DVM back to the CHAN A
SCAN connector. Then adjust R108
(FULL-SCALE DELAY ADJ) for a DVM in-
dication of + 5.000.V.

{c} Transfer the DVM to the CHAN B SCAN
connector. The voltage indication shouid
be +5V +£20 mv.

(5) SCAN IN/JOUT ZERQ; U104 ZERO (R129; lower
board)

(@) Rotate the % INITIAL A and % INITIAL B
dials fully counterclockwise.

(b) Ground the SCAN IN/OUT connector (rear
panei).

{c} Transfer the DVM to TP105. Then adjust
R129 (SCAN IN/QUT ZERQ) for a DVM in-
dication of 0.00 V.

(6) SCAN ZEROC (R132; iower board)
{a) Remove the short from the SCAN IN/OUT

connector and release the SCAN EXT
pushbution.

(b) Hold in the SCAN RESET pushbutton,
and, while it is heid in, adjust R132 for a
DVM indication of 0.00 V (DVM shouid still
be connected to TP105). Relsase the
pushbutton when the adjustment is com-
pleted.

(7) U103 ZERO (R146; lower board)

{a) At Integrated Circuit U103, short together
pins 2 and 3. NOTE: This is probably most
easily done by connecting a clip lead to
resistors that return o pins 2 and 3. Two
suitable resistors are R155 and R142. Fac-
ing the unit from the front, a clip lead can
be connected from the front most end of
R155 to the front-most end of R142.

{b) Transfer the DVM to TP 104. Then hold
down the SCAN RESET pushbutton and,
while the pushbutton is heid down, ad;ust
R146 (U103 ZERQ) to the “switch pomt” of
the voltage at TP104. The voltage at TP104
will be either “high” or “low”. The pur-
pose of the adjustment is to set R146 to
where the voltage just switches from
“high” (nominally +7 V) to “low” (nomi-
nally —~ 0.3 V).

(c) Release the SCAN RESET pushbutton
and remove the clip fead connected in
step a.

(8) U102 ZEROC (R140; lower board)

{a) Connect together pins 2 and 3 of IC U102.
NOTE: As in the previous step, this is
most easily done by connecting a clip’
lead between specific resistors, in this
case R137 and R139. Facing the unit from
the front, connect a clip lead from the
right-hand end of R137 to the right-hand
end of R139.

{b) Transfer the DVM to TP103. Then hold
down the SCAN RESET pushbutton and,
while the pushbutton is depressed, adjust
R140 to where the transition from “high’
{nominally +6 V} to “low” (nominally
- 1V) occurs.

{c) Release the SCAN RESET pushbutton.
Also, remove the clip lead and DVM.

(9) SCAN RATE TRIM (R117; lower board)

(&) Release the SCAN HOLD pushbutton and
press the SCAN A pushbutton. Then
check that the SCAN TlEVEE Is set to .01
SEC and CAL.

(by Monitor the signal at TP105 with the
oscilloscope. Then adjust R117 (SCAN



RATE TRIM) so that the ramping rate of
the observed repetitive ramps is 1 V/ms.

Set the center knob of the SCAN TIME
control to x10. The observed ramping
rate should slow to 0.1 Vims = 15%. Note
the baseline and peak levels. The ramp
should startat 0V + 30 mV and the peaks
should fall in the range of —10.5 V to
—11.0 V. NOTE: It is difficult to check the
tevel from which each ramp starts be-
cause the oscilloscope sensitivity must
be increased to where scope overload and
resultant zero-shift ‘error occurs. This
problem can be avoided by connecting a
network as shown in Figure V-3 between
TP105 and the scope input. With the net-
work instalted, the scope sensitivity can
be increased to where the 0V =30 mV
ramp-start potential can be checked. The
network should not be “in” when check-
ing the peak amplitude levels.

Reset the center knob of the SCAN TIME
control to the CAL position.

{10} Scan Time Checks

Set the outer knob of the SCAN TIME con-
trol to .1 SEC.

Note the ramping rate at TP105. It should
be 0.1 Vims =10%.

'Set the SCAN TIME to 1 SEC and CAL.

Note the ramping rate at TP105. 1t should
be 10 mVims = 10%.

Remove the oscilloscope from TP105 and
connect the DVM to the rear-panel CHAN-
NEL A SCAN connector. Then depress the
SCAN A pushbutfon,

Set the SCAN TIME to 10 SEC and CAL.
Hoid down the SCAN RESET pushbutton.
At some convenient time, release the
SCAN RESET pushbutton. After ten sec-
onds, depress the SCAN HOLD pushbut-
ton and note the DVM indication. it should
be +5V = 0.5V. Release the SCAN HOL

pushbutton. :

Set the SCAN TIME to 100 SEC and CAL.
Hold down the SCAN RESET pushbutten,

"At some convenient time, release the

SCAN RESET pushbution. One hundred
seconds later depress the SCAN HOLD
pushbutton and note the DVM indication.
it should be. +5 V +0.5 V. Release the
SCAN HOLD pushbutton. :
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Set-the SCAN TIME to tk SEC and CAL.
Hold down the SCAN RESET pushbutton.
At some convenient time, release the
SCAN ‘RESET pushbutton. One hundred
seconds later depress the SCAN HOLD
pushbutton and note the DVM indication.
it should be 0.5 V =50 mV. Release the
SCAN HOLD pushbutton.

Set the SCAN TIME to 10k SEC and CAL.
Hold down the SCAN RESET pushbutton,
At some convenient time, release the
SCAN RESET pushbutton. One hundred
seconds later depress the SCAN HOLD
pushbutton and note the DVM indication.
it should be 50 mV 5 mV.

Set the SCAN TIME bacgk to 10 SEC and
CAL. Also, release the HOLD pushbutton
and remove the DVM.

(11) Blanking Qutput Checks

(@)

Depress both the SCAN A and SCAN B
pushbutions. Also, depress the SINGLE
pushbutton,

Press in the SCAN RESET pushbutton
and, while it is depressed, use the DVM to
measure the voitage at pin 14 of rear-
panel connector P101 and also at pin 13 of
the same connector, The voitage at pin 14
shouid be nominally 0 V. That at pin 13 -
should be nominally +50 V. At a conve-
nient time, release the RESET pushbut-
ton, the voltage states at the two connec-
tor pins will reverse for 10 seconds, i.e.,
for the duration of the scan (ten seconds),
pin 14 will go to + 50 V and pin 13 will go
to zero. Af the end of the scan, the volt-
ages will reverse back to their initial state.
Remove the DVM.



(12) Penlift Relay Checks

(a)

(b)

d

(e}

Set the SCAN TIME to .01 SEC and CAL.

The SINGLE pushbution should be

depressed.

Connect the ohmmeter between pins 18
and 16 of rear-panel connector P101. The
ohmmeter should indicate an open cir
cuit. :

Depress the SCAN RESET pushbutton. As
tong as this pushbutton is held down, the
ohmmeter should indicate a short be-
tween pins 18 and 16.

Set the SCAN TIME to 10 SEC and CAL.
Then hold down: the RESET pushbutton,
The resistance indication will be zero
ohms. At some convenient time, release
the SCAN RESET pushbutton. The zero in-
dication will last another ten seconds
(scan in progress). At the end of that time,
the ohmmeter will indicate an open cir-
cuit,

Remove the ohmmeter.

5.4F APERTURE DELAY RANGE ADJUSTMENTS
(1) Set the controls as follows.

% Initial A: fully counterciockwise

% initial B: fully counterciockwise

Aperiure Delay Range: 1 mSEC

Scan pushbuttons: A and. B depressed; all
others released

Scan Time: 0.1 SEC and CAL

Trigger Mode pushbuttons: EXT depressed,
all others released :

(2) DELAY CAL (R204; upper board)

(@)

Connect a 1 V pk-pk square wave at
500 Hz to the Trigger INPUT connector.
Then adjust the Trigger Level control as

required for proper triggering as indicated

" by the TRIGGERED lamp.

()

Monitor TP204 with the oscllloscope. The
observed signal should be a negative
ramp with an amplitude of nominally
—-6V.

Adjust R204 (DELAY CAL) for an observed
ramping rate of 5 Vims.

(3) FAST DELAY CAL (C210; upper board)

(@)

Change the selected Aperture Delay
Range to 1 xSEC.
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(b}

Adjust trim-capacitor C210 (FAST DELAY
CAL) for an observed ramping rate of
5 VIWSEC.

{(4) DELAY RAMP COMPENSATION (C218; upper
board)

(@)

(b)

Set the Aperture Delay Range to 100 nSEC
and increase the trigger frequency to .
100 kHz.

Set up the oscilloscope for sampling
operation. Then monitor the signal at
TP204.

Adjust trim-capacitor C218 (RAMP COM:-
PENSATION) for minimum ringing in the
observed ramp with minimum rounding at
the beginning and end of the ramp. Re-
store the oscilloscope to non-sampling
operation, '

(5) DELAY RAMP ZERO (R247; upper board)

(a)

(d)

Construct a network from a 1 k{1 resistor
and an ordinary silicon diode (IN482B)
connected in series, with the cathode of
the diode connected to the resistor. Con-
nect the free end of the resistor to TP204
and the free end of the diode to ground.

Reduce the frequency of the input trigger
square wave to 100 Hz. Then set the oscil-
loscope sensitivity to 10 mVicm and
monitor the signal at the junction of the-
resistor and diode.

Carefuliy establish ground on the display.
Then alternate the inner knob of the dual-
concentric Aperture Delay Range controf
betwesn mSEQC and uSEC. The offset from
ground of the ramp reset level will be
observed to be different for the two posi-
tions of the knob.

Adjust R247 (DELAY RAMP ZERO) so that -
the two levels of offset are equal and of

" apposite polarity with respect to ground.

e)

Remove the network from TP204.

(6) % Initial Delay Checks

@

Connect the oscilloscope to TR208. With
the % INITIAL A dial fully counterclock-
wise, the observed waveform should be a
positive 0-to-6 V {nominal} ramp having a
siope of 5 V/100 ms.

Increase the % INITIAL A dial setting to.
2.00. The reset level of the ramp will shift
upwards to 1V. The peak should still be



the same potential as in the preceding
step. In effect, the ramp is shortened but
the slope remains constant.

Successively set the % INITIAL A dial io
4.00, 6.00, 8.00, and 10.00, observing that
the ramp reset level rises proportionally
to the dial setting with the corresponding
reset levels being 2V, 3V, 4V, and 5 V.
Then return the % INITIAL A dial o the
fully counterclockwise position.

Transfer the oscilloscope probe to TP209
and check the reset level of the observed
ramp as a function of the % INITIAL B dial
setling. The checks are performed in the
same manner as for the % INITIAL A
checks just completed. When finished,
set the % INITIAL B dial to the fuily
counterclockwise position and remove
the scope probe,

(7} Internal Trigger Checks

(a)

(f)

Remove the squére wave trigger from the
Trigger INPUT connector and then press
in the INT Trigger pushbutton.

Set the Aperture Delay Range to 0.1 xSEC.
Then connect the oscilloscope to TR204,

Leaving the inner knob of the Aperture
Delay Range switch set to #SEC, rotate
the outer knob through all positions ex-
cept SPEC. Repetitive ramps should be
observed for each position. The reset time
for all positions should be nominally
100 ns.

Set the inner knob of the Aperture Delay
Range switch to mSEC. Then rotate the
outer knob through ail positions except
SPEC. Repetitive ramps will be cbserved

for all positions. The reset time for all -

positions will be nominally 100 us.

Transfer the oscilloscope to pin 11 of in-
tegrated circuit U205. The observed signal
should be a logic 0 pulse at the delay-
ramp repetition rate and having a width in
the range of 100 us to 300 ps.

Continuing to monifor pin 11 of U205, set
the inner knob of the Aperture Delay
Range switch to xSEC. If the observed
signal should disappear (internal trigger-
ing stops), alternately release and de-
press the INT trigger pushbution o re-
establish internal triggering. The duration
of the observed pulse should decrease to
where it is in the range of 180 ns to 250 ns.
Remove the oscilloscope probe.
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(8) High Trigger Rate Holdoff Checks

{a)

(d)

Connect a 1 V pk-pk 1 MHz sine wave
source to the Trigger INPUT connector
and select EXT triggering. If necessary,
adjust the TRIGGER LEVEL control to
establish external triggering,

Set the Aperture Delay Range to .1 uSEC.
Then monitor TP204 with the oscilloscope
and adjust the Trigger Level control for
proper M162 triggering as indicated by the
TRIGGERED iamp and by the observed
ramps.

Begin increasing the frequency of the in-
put sine wave, The interval between suc-
cessive ramps wiil become shorter and
shorter, tracking the increasing trigger
frequency. However, a point will be reach:
ed where the interval between ramps
reaches a minimum, and further increases
in the input trigger frequency will not aiter
the ramp spacing. Check this feature up .
to a trigger frequency of 12 MHz. No
“broken” or ‘“partial” ramps should be
observed if the HIGH TRIGGER RATE
HOLDOFF circuits are functioning nor-
mally, :

Remove the trigger source and discon-
nect the scope probe from TP204.

9) A & B Zero Adjustments (R245A & R246A; up-
per board)

(@)

Set the Aperture Delay Range to 10 xSEC.
Then set the % INITIAL A and % INITIAL
B dials to 1.00 (one turn from fully
counterclockwise position). Select EXT
scan and INT triggering with the appro-
priate pushbuttons.

Monitor TP203 with the oscilloscope and
internally trigger the scope from the posi-
tive going edge of the observed wave-
form. Then monitor the signal at TP212
(scope must have dual channel capabil-
ities).

Adjust R245A (A ZERO) so that the nega-
tive going edge at TP212 occurs exactly
one microsecond after the positive going
edge at TP203.

Transfer the scope probe connected 1o
TP212 to TP213. Then adjust R246A (B
ZERO) until the negative going siope at
TP213 Is coincident with the negative go-
ing slope at TP212. NOTE: Some transfer-
ring back and forth between TP212 and
TP213 may be required.



(10} Aperture Delay Range Finai Calibration

(R254, C210, R245A, & R246A; upper board}

(a) Make preparations for incorporating the
counter into the test setup. The twisied-
nair cables will be required. One will ex-
tend from TP203 to the counter START in-
put. The other will extend from TP212 to
the STOP input. A 100 Q resistor should be
connected in series with the signal lead
of each cable, the resistor to be installed
at the signal (test point) end. The other
jead of each cabie simply interconnects
the grounds.

(b) Set the % INITIAL A dial to 1.00 and the
Aperture Delay Range to 10 mSEC. The
Model 162 should still be operating in the
INT Trigger mode. :

(¢c) Note and record the counter reading.
Then change the % INITIAL A setting to
9.00. Note and record the new counter
reading.

(d) Alternate between % INITIAL A dial set-
tings of 1.00 and 9.00, adjusting R254 after
each set of readings, until the difference
between the two counter indications is
exactly 8.00 ms x5 ps.

(e) Set the % INITIAL A dial to 1.00 and ad-
just R245A for a counter indication of ex-
actly 1.00 ms =5 us.

(f) Setthe % INITIAL A diai to 10.00 and note
the counter indication as the Aperture
Delay Ramp is rotated through the follow-

ing positions.

Aperture Delay Range Counter Reading
A mSEC... ... e ... 100 45 £ 4 pus
EmMSEC. .. e 200 us =B s
EmMSEC. e 500 us =20 g8
TmSEC. ... e 1ms +40 ps
2mSEC. .. e 2ms £80us
BMSEC. . i 5ms %200 us
10mSEC............. 10 mSEC (caiibrated position)
20mSEC. .. e 20 ms =800 us
BOMSEC. . . e 50 ms £1'ms

(g) Set the % INITIAL A dial to 9.00 and the
Aperture Delay Range to 10 xSEC. Then
adjust trim-capacitor C210 for a counter
indication of 8.00 zs. Remove the counter.

(h) Set the Aperture Delay Range to .1 4SEC
and monitor TP204 with the oscilloscope.
Set the % INITIAL A and % INITIAL B
dials to 10%. A negative ramp should be
observed with a slope of — 5 V/100 ns. The
tolerance is + 15 ns, —0ns.
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{i) Set the Aperture Defay Range to 10 uSEC.
Then trigger the oscilloscope from the
positive trigger pulse at pin 10 of U206
and display the pulse. The observed
signal should be a positive 10 ns “spike”
with an amplitude of nominally +1.5 V
(upper frequency limit of scope may {imit
observed amplitude). While triggering
from pin 10, monitor the signal at pin 4 of
1J206 as well. The observed pulse shouid
be similar to that at pin 10. Adjust R246A
as required to bring the signal at pin 4
(also available at TP206) into exact coin-
cidence with that at pin 10. Remove the
oscilloscope probes from the monitored
points.

This completes the M162 alignment. Remove all
cables before proceeding to the M163 alignment.
Return the upper board to its proper position.
Return the digital storage board to unit where ap-
propriate.

5.5 MODEL 163 ALIGNMENT

5.5A PRELIMINARY STEPS

(1) With the mainframe power off, plug the two
Extension Cable Assemblies (#6020-0093 &
£020-0098) into slot “A” of the mainframe.
Then plug the M163 into the free ends of the
cable assemblies. Note that the two circuit
boards of the Model 163 are mounted on rails
extending from the front to the rear panels.
The larger of the two boards. is the Signal
board and the smaller is the Logic board. For
convenience in doing the following align-
ment, the screws securing the upper Logic
board rail should be removed from the panel
and the screws that secure the lower Logic
board rail should be loosened. When this is
_done, the Logic board can be rotated 80° so
that it rests on the bench. If the lower rail
screws are then tightened, the Logic board
will help to stabilize the M163. Take the Sam-
pling Head Extender Card (#1710-0017) sup-.
ptied with the Model 163 and modify it as
follows. Connect a jumper from pin 3 to pin D.
Connect another jumper from pin D to pin F.
Then take a short stiff wire (a resistor lead will
do nicely) and solder one end of it to pin 4.
Leave the other end free. [t will be used as an
input in later steps. When the modifications
are complete, plug the extender into the
Model! 163. The Sampling Head is not install-
ed until a later step. Before proceeding, take
care that there are no test-equipment connec-
tions “left over” from the preceding main-
frame alignment. NOTE: When the Model 163
alignment is complete, be sure to remove the
modifications made on the extender card.



{(2) Turn on the mainframe power and allow a fif-
teen minute warmup.

(3) Set the mainframe controls as follows.

Aperture Delay Range: 1 uSEC

% Initial A: 1.00

Aperture Duration: setting immaterial

Scan Time: outer knob to .01 SEC; inner to
CAL

Scan Select pushbuttons: A depressed; all

others released

Trigger Mode pushbuttons: EXT depressed;
others released

Function: A '

Time Constant: .7 mSEC; CAL

{4) Set the M163 conirols as follows.

Sensitivity: 100 mV

Samples Averaged: 10

Zero: do not disturb

Baseline Sampie Delay: fully counterclock-
wise

5.58 SUPPLY LEVEL CHECKS

Note the connector which interfaces to the Sam-
pling MHead when it is instalied. There are two sets
of contacts. Facing the connector from the rear,
the left-hand set, reading from top to bottom, ex-
. tends from A to F. The right-hand set extends from
1 to 6. Most of the following voltage checks are
made at this connector.

(1) Connect the DVM to pin A of the Sampling
Head Interface connector. The voltage should
be —125V =02 V.

(2} Transfer the DVM to pin E. The voltage should
be +50V =2 V.

{3} Transfer the DVM to pin 1. The voltage should
be +15V 20 mV,

(#) Transfer the DVM to pin 5. The voltage should
be ~B50V =2 V.

(5) Connect the DVM 1o the positive end of
gcapacitor C3225 on the M163 Logic board
(small board). The voltage should be +5 V
+0.2 V.

{6) Remove the DVM.

5.5C AMPLIFIERS 1 AND 2 GAIN CHECKS AND
ZERO ADJUSTMENT
(1) Amplifier 1 Gain Checks

{(a) Connect the signal generator ground to
the Model 163 Sampling-Head connector
plate. Then connect the signal generator
output to the short wire connected earlier
to pin 4 of the Sampling-Head Extender
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Card. Adjust the signal generator controis
to provide an 8 mV rms 10 kHz sine wave
when lcaded with 460 (. Connect the ac
voltmeter ground to the Model 163 Signal
board ground plane. {The Signal board is
the board that is not rotated downwards.)

Monitor the signal at TP2 with the ac volt-
meter. The indicated signal level should
be 100 mV £ 5 mV rms. NOTE: Be sure the
M163 Sensitivity swiich is set to 100 mV.

Adijust the applied signal level as required
to obtain exactly 100 mV at TP2. Then set
the M163 Sensitivity switch to 250 mV.
The output should decrease to 40 mV
+2mV.

(d) Set the M163 Sensitivity switch to 1 V.
The output should decrease to 10 mV
+1mV.

(2) AMPLIFIER 2 ZERO ADJUSTMENT
(R3028; Signal board)

(8) Remove the ac voltmeter from TP2 and
connect a clip lead from TP2 to ground.

{b) Connect the DVM to TP3. Then adjust
R3028 (AMPLIFIER 2 ZERO) for a DVM in-
dication of 0.000 V. Remove the DVM.
Also, remove the clip lead grounding TP2
and set the M163 sensitivity to 100 mV. -
{(c) Monitor the signal at TP3 with the ac volt-
meter. The indicated signal level should
be 2500 mV. = 125 mV rms.

(d) Remove the signal generator and the ac
voltmeter.

5.5D SIGNAL AND BASELINE INTEGRATORS
(1} ZERO (R3049 and R3177, Signal board)

(a} Connect the DVM to the wiper of R3043
(SIG, HOLDING TIME) and adjust R3043
for a DVM indication of 0.00 V.

Connect the DVM to J3002 and set the
front-panel ZERO control for a DVM in-
dication of 0.00 V.

(b)

Connect the DVM to the wiper of R3093
(BASELINE HOLDING TIME) and adjust
R3083 for a DVM indication of 0.00 V.

Connect the DVM to TP5. Then press
CLEAR and adjust R3049 (ZERO) for a
DVM indication of Q.00 V..

Connect the DVM to TP8. Then .press
CLEAR and adjust R3177 (BASELINE
ZERO) for a DVM indication of. 0.00 V.
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{b) Connect the DVM to TP5. Then depress
the CLLEAR pushbutton and, at a conve-
nient time, release it. The TP5 voltage will
be observed to begin drifting away from
zero. Adjust R3043 (HOLDING TIME) for
minimum drift rate. Each time the voltage
drifts far enough from zero to make the
adjustment difficuit, depress CLEAR
again o re-establish zero and continue
the procedure.

(3} HOLDING TIME {R3083; Signal board)

(a) Transfer the DVM to TP8. Then depress
CLEAR and, upon reteasing, adjust B3083

(HOLDING TIME) for a minimum dc drift in-

the voliage at TP8. As in the preceding ad-
justment, it may be necessary to periodic-
afly press and release the CLEAR push-
button to re-establish zero.

{b)} Remove the DVM from TP8.
(4) ZERO (R3148)

{a) Connect the DVM to the front-panet pin jack
{J3009).

{b} Then press CLEAR and adjust R3148 (ZEROQ)
for a DVM indication of 0.00 V. Remove the
DVM.

5.5E STROBE PULSE CHECKS
(1) Locate the Strobe Qutput transformer, a small
toroidal transformer with three windings
iocated towards the front of the larger board.

(2) Trigger the M162 at 5 kHz.

{3} Monitor the signal at the ungrounded end of
the one-turn winding. The signal should ap-.
pear as shown in Figure V-5

5.5F QVERLOAD CHECKS
(1) Reduce the M162 Trigger rate to 1 Hz.

{(2) Connect an external dc.source (adjustable to
+ 10 V; high accuracy not reguired). Then con-
nect the dc source, set initially to some low
positive voEtage to TP2.

(3) Monitor the applied voltage with the DVM and
begin to increase the voltage gradualiy. Note
the level applied when the OVERLOAD light
begins to glow. The applied voitage should be
in the range of +83 Vic +88 V.
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(4) Reverse the polarity of the applied voltage
and again note how much is required to cause
an overload indication. This time the voltage
should be in the range of — 8.3V to - 88 V.

(5; Monitor the signal at that end of resistor
R3132 that is towards the rear of the board.
The observed signal should be a positive
pulse appearing at one second intervals and
having a duration of between 0.1 and 0.4 sec-
onds.

(6) Remove the oscilloscope and external dc
source,

5.5G SIGNAL CHANNEL GATE-LEVEL CHECKS
(1) increase the M162 trigger rate to 10 kHz.

(2) Rotate the Baseline Sample Delay control
about haif a turn clockwise.

(3) Monitor the signal at the ungrounded end of
resistor R3071. The observed signal shouid be
a 0.5 us wide negative going pulse. The base-
line should be at +4 V and the “peak” should
beat -7V,

(4) Transfer the oscilloscope to the ungrounded
end of resistor R3076. The observed signal
shouid be the same as in the preceding step.

(5) Monitor the signal at test points TP6 and TP9
with the oscilloscope. At both points the
observed signal should be a symmetrical
square wave with a period of nominally
200 us. The upper level should be at 0 V and
the lowerat - 13V,

5.5H LOGIC BOARD ADJUSTMENTS
(1) BASELINE DELAY ADJ (R3201; Logic board)

(a) Set the controls as follows.
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{b)

% Initial A and % Initial B: 5%

Aperture Deiay Range: 20 ps

Baseline Sample Delay: fully clockwise

Baseline Int/Ext pushbution {Inner knob
of Delay Control): in

Connect the DVM to TP3201, Then adjust
R3201 (BASELINE DELAY ADJ) for a DVM
indication of +4.50 V.

(2) COMPARATOR ZERO (R3221; Logic board)

(@)

(b)

Trigger the M162 from a 10 kHz 2 V pk-pk
square wave.

Connect the DVM to TP3202. Then adjust
the front-panel BASELINE SAMPLE
DELAY control for an indicated voitage of
+2.25 V. Remove the DVM.

Trigger the oscilloscope from the nega-
tive going edge of the signal at TP3206.

With the oscilloscope triggered from the
signal at TP3208, monitor the signal at
TP3205. Then adjust R3221 (COMPAR.
ZERO) such that the negative edge of the
signal at TP3205 occurs exactly 10 us
+ 0.2 us after the negative edge at TP3206.

(3) TRIGGER HOLDOFF CAL (R3258; Logic
board) :

()

(o)

Transfer the oscilloscope to the lower end
of resistor R3241.

Adjust R3258 (TRIGGER HOLDOFF CAL)
for an observed logic 0 gate with a dura-
tion of 80 us. The ieading (negative going)
edge of this gate should be coincident
with the positive going edge of the signal .
at TP3206.

Remove the osciiloscope and trigger
source.

5.51 FINAL ADJUSTMENTS
(Sampling Head installed)
(1) Sampling Head Adjustments

{a)

Set the M163 controls as follows.

input Range: 1V

Samples Averaged: 10°

Zero: mid-range

Raseline Sample Delay: fully counter-
clockwise

Basetine Sample Int/Ext: INT

Unpiug the Sampiing Head Extender
board (EG&G PARC #1710-0017}, Then
TURN THE M162 MAINFRAME POWER



OFF and plug the Sampling Head into the
M163. NOTE: Do not disturb any of the
Sampiing Head adjustments.

(c} Connect a shorting plug to the Input of
the Sampling Head so that its input is
grounded.

(d) Connect the DVM to the M163 OUTPUT
pin jack.

{¢) Set the M163 Sensitivity switch to
100 mV. Then adjust the Sampling Head
BALANCE adjustment for a DVM indica-
tion of 0.00 V. NOTE: in the case of a
Mode! 85 Sampling Head, this adjustment
is on the front panel of the Sampling
Head. For all other Sampling Heads, it is
located on the left side (facing the unit
from the front).

(f) Set the M163 Sensitivity switch to the 1V
position. Then adjust the M163 ZERO con-
trol for a DVM indication of 0.00 V.

(g) Set the Sensitivity switch back to 100 mV,
and again set the Sampling Head BAL ad-
justment for 0.00 V at the DVM.

(h} Continue alternating between the ZERO
adjustment (Sensitivity to 1 V) and the
Sampling Head adjustment (Sensitivity to
100 mV) untit no further improvement in
the zero setting procedure can be obtain-
ed. It should be possible to achieve better
than +2 mV.with the 1 V sensitivity and
better than x 20 mV with the 100 mV sen-
sitivity. LEAVE THE SENSITIVITY SET TO
1V,

{2) SIG. CAL (R3096; Signal board)

{a) Connect the DVM to TP5. Then note and
record the DVM indication.

. {b) Remove the ground from the Sampling
Head input and apply instead an external-
ly derived source of + 1.000 V.

{c) Adjust R3096 (SIG. CAL) for a DVM indica-
tion 10.00 V more negative than that re-
corded in step (a). Record the final voltage
indication,

{(3) COMMON MODE ADJUST (R3144; Signal

board)

(a) Transfer the DVM to the tront-panel OUT-
PUT pin jack.

(b) Adjust R3144 (COMMON MODE ADJ) so
that the indicated voltage is the same as
that recorded in step 2(c) above.
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(4) BASELINE CAL (R3098; Signal board and
BASELINE ZERO; Signal board)

{a) Ground the Sampling Head input with an
appropriate grounding plug and adjust the
M163 front-panel ZERO control for 0.0 V
at the M163 front-panel OUTPUT pin jack.

(b) Set the Baseline Sample Delay.control to
about the center of its range. Then adjust
R3177 for 0.00 V at the M163 front-panel
OUTPUT pin jack.

(c) Transfer the DVM to TP8 and set the M163
Sensitivity to 1 V. Note and record th
DVM indication. -

(d) Remove the ground from the Sampling
Head Input and apply +1.000 V to the
Sampling Head Input instead.

(e) Adjust R3098 (BASELINE CAL) so that the
voltage at TP8 is exactiy 10.00 V more
negative than that recorded in step (b).

(ff Remove the DVM.

This completes the M163 alignment. After turning
off the power, the M183 can be returned to its
proper position in the M162.

5.6 MODEL 164 ALIGNMENT

5.6A PRELIMINARY STEPS

(1) With the mainframe power off, plug the Exten-
sion Cable Assembly (#6020-0083) into slot
A" of the mainframe. Then plug the M164 in-
to the free end of the cable. When the connec-
tions are made, turn the mainframe power
back on and allow a fifteen minute warmup
before proceeding.

NOTE: When aligning a M164, there should
not be a M183 plugged into the “unused”
channel. With a M163 installed, the maximum
trigger rate is limited to 10 kHz. Also, in the
case of a unit equipped with the Digital
Storage Option, the “flat-ribbon” cable that
interconnects the Digital Storage board and
the “upper” board should be disconnected.
This cable should be unplugged at the end
that plugs into the upper board, .

(2) Set the mainframe controls as follows:

Aperture Delay Range: 10 4SEC

Y Initial A; 1.00

Aperture . Duration: outer knob to 5 wSEC;
inner to CAL

Scan Time: outer knob to .01 eSEC; inner to
CAL
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Scan Select pushbuttons: EXT depressed,

others released

Trigger Mode pushbuttons: EXT depressed;

others released

Function: A
Time Constant: .1 mSEC; CAL

(3) Set the M164 controls as follows.

Pushbuttons: Select 50 Q, DC, GND, and EXP

Time Constant: 1 xSEC

Zero, Mid-range

Gate Trim: Mid-range

Calibrate: Mid-range

Test switch {(mounted on PC board): Test posi-
ticn {forward position)

5.6B APERTURE DURATION ADJUSTMENTS
AND CHECKS
(1) GATE CAL (R428)

(@)

Connect a 1 V rms sine wave at 50 kHz to
the Trigger INPUT connector and set the
Trigger Level control for proper triggering
as indicated by the TRIGGERED lamp.

Connect the counter to TP403. The
counter cable should be a twisted pair
with a 100 Q resistor in series with the
signal lead at the source end. Set the
counter controls so that the counter will
start on the positive going edge and siop
on the negative going edge.

Monitor TP403 with the oscilloscope. The

observed signal should be a positive .
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pulse with a -~ 3 V (nominal) baseline and
a + 1.2 V (nominal} peak. The pulse width
should be approximately 5 us. Remove the
oscilloscope.

Observe the counter indication, adjust
R428 (GATE CAL) for an indicated pulise
duration of 5.0 ws. Then remove the
counter and reconnect the oscilloscope
to TP403.

(2) FAST GATE CAL (C415)

(a)

Set the outer knob of the Aperture Dura-
tion switch to 5 nSEC and the inner knob
to X10,

(b} Adjust C415(FAST GATE CAL} so that the

duration of the pulse at TP403 is 55 ns.

{3) Aperture Duration Checks

(a)

While continuing to monitor the signal at
TP403, rotate the Aperture Duration
switch (outer knob only; inner knob at
x 10} through each of its positions. The
duration as a function of the switch set-
ting should be as foliows. NOTE: To pre-
vent overlap, it may prove convenient to
increase the Aperture Duration Range as
required to keep the Aperture Duration
Range longer than the gate wid;h. Reduc-
ing the input trigger frequency 18 aiso ad-
visable.



Approximate

Switch Position Pulse Width

BO0NSEC. ... 550 nSEC
SuSEC, 8.5 uSEC
SuSEC. .. . 55 pSEC
SO SEC. ... 550 LSEC
500 xSEC 5500 «SEC

Transfer the oscilloscope to TP407. Then
set the Aperture Duration switch to
5 uSEC (vernier to CAL). The observed
signal should be a negative-going 15V
pulse with its baseline at 0 V.

Successively set the outer knob of the
Aperture Duration switch to 50 wSEC and
to 500 xSEC. The duration of the observed
pulse should increase, matching the
selected Aperture Duration in each case.

Check that no pulse is observed with the
Aperture Duration switch set to 5 nSEC,
50 nSEC, or .5 uSEC. Instead, there is a
continuous - 15 V dc level at TP407.

{4) GATE OUT Checks

(a)

Terminate the GATE OUT connector in
50 @ and monitor the GATE OUT signal
with the oscilloscope. Set the trigger fre-
quency to 5 kMz and the Aperture Delay
Range to 1 4SEC. .

Set the Aperture Duration to 50 nSEC and
CAL. The pulse at the GATE OQUT connec-
tor should have an amplitude of approx-
imately 0.25 V. :

Set the Aperture Duration to 5 nSEC and
CAL. The GATE QUT signal will not he
able to track this fast an aperture but
nevertheless should still have an
amplitude of about 200 mV.

(5) OVERLAP Check

(a)

Set up the oscilloscope controls to
monitor two waveforms at once. Connect
the scope input to either end of resistor
R443. Connect the other to the GATE OUT
connector (still terminated in 50 Q).

Set the Aperture Delay Range to .5 wSEC,
Then set the Aperture Duration switch to
50 nSEC and CAL. A negative going TTL
pulse will be observed at R443. A positive
puise will be observed at the GATE OUT
connector.

Begin rotating the inner knob of the Aper-
ture Duration control clockwise. The
GATE OUT pulse will be observed to in-
crease in width. When its width exceeds

(d)

that of the 500 ns pulse at R443, the
OVERLAP indicator lamp will glow.
Return the inner knob of the Aperture
Duration control to CAL.

Remove the oscilloscope from the moni-
tored points. Also remove the 50 0 termi-
nation from the GATE QUT connector.

5.6C SIGNAL CHANNEL ADJUSTMENTS AND
CHECKS
(1) OUTPUT ZERO (R473)

(@)

(b)

Connect the DVM between TP410 and
ground. Connect a jumper between TP414
and ground. :

Adjust R473 (OUTPUT ZERO) for 0.000 V at
TP410.

(2) HIGH-FREQ. COMPENSATION {C451)

@

(b)

()

(@)

Release the front-panel EXT/SUM and
GND pushbutton.

Monitor TP413 with the DVM and adjust
the front-panet ZERO OFFSET contro! for
an indicated voltage of 0.000 V.

Transfer the DVM back to TP410 and

" press in the front-panel CAL pushbutton.

The DVM voltage indication should be
580 mV +25 mV. Release the CAL push-
button.

Set the controls of the fast pulse
generator to provide a 50 ns 1 MHz pulse
with an amplitude of 100 mV. Then con-
nect this pulse to the M164 INPUT con-
nector. The pushbuttons shouid be set for
dc coupling, 50 Q.

Set the oscilloscope for sampling opera-
tion and monitor the signal at TP410. The
DVM should be removed from TP410.

Observing the displayed signal, adjust
C451 {(HIGH-FREQ. COMPENSATION) for
a correctly compensated waveform.

Remove the oscilloscope and pulse
generator.

(3) BRIDGE BAL (R466)

(a}

(b)

fncrease. the Aperture Duration to 500
nSEC (CAL) and set the Aperture Delay
Range to 1 xSEC. Connect the -oscillo-
scope to TP409,

Adjust R466 (BRIDGE BAL) so that the
sampled area is even with the line.
Remove the osciiloscope from TP409.



(4) OUTPUT ZERO (R410A)

(@)

(b)

Connect the DVM to the M164 OUTPUT
pin jack.

Connect a jumper from the uUpper end of
resistor R420A to ground.

Press CLEAR and adjust R410A (QUTPUT
ZEROQ) for a DVM indication of 0.00 V.

Remove the jumper extending from
R420A to ground and also that extending
from TP411 to ground. Leave the volt-
meter connected to the front-panel pin
jack.

(8) ZERO and CAL ADJ (frdnt-panet adjustments)

(@)

(&)

()

(@

Set 5408 (switch mounted on the PC
board) to the OPERATE (rear) position.

Depress the GND and EXP/SUM pushbut-
tons,

Set the M164 Time Constant to 10 mSEC
and the Aperture Delay Range to 10 4SEC.

Set the Aperture Duration to 5 4SEC and
CAL.

Adjust the front-panel OUTPUT ZERO ad-
justment for 0.000 V at the pin jack.

Release the GND pushbutton and depress
the CAL pushbutton. Then adjust the
front-panel CAL screwdriver adjustment
for —10.000 V =3 mV at the pin jack.

Release the CAL pushbutton and remove
the DVM from the pin jack.

{6) Time Constant Checks

(@)

(b)

Select CONT. GATE and 1 MQ with the
front-panel pushbuttons.

Supply a 10 mV rms sine wave at 16 Hz to
the M164 Input and set the M164 Time
Constant to 10 mSEC.

Monitor the signal at the front-panel pin
jack with an accurate ac voltmeter. Then
adjust the frequency of the input sine
wave {keeping the input amplitude con-
stant) until the indicated output ampli-
tude is .707 V rms. The frequency of the
applied sine wave should be 16 Hz + 2 Hz,

Set the M164 Time Constant to 1 mSEC.
Then increase the frequency of the input
sine wave (keeping the input amplitude a
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constant 10 mV rms) until the indicated
output amplitude is 0.707 V rms. The fre-
quency of the applied signal should be
160 Hz + 20 Hz.

Set the M164 Time Constant to 100 4SEC.
Then increase the frequency of the input
sine wave (keeping the input amplitude a
constant 10 mV rms} until the indicated
outpui amplitude is again 0.707 V rms.
The frequency of the applied signal
should be 1.6 kHz + 200 Hz.

Set the M164 Time Constant to 10 4SEC.
Then increase the frequency of the input
sine wave (keeping the input amplitude a
constant 10 mV rms) until the indicated
output amplitude again is 0,707 V rms.
The frequency of the applied sine wave
should be 16 kHz =2 kMz.

Release the CONT. GATE pushbutton and
remove the signal generator.

Connect the DVM to the M164 front-panel
OUTPUT pin jack. Then, while alternating
the M164 Time Constant switch between
the 1 us and 10 us positions, adjust C497
{(GATE FET COMP.) for less than 20 mV
change in the DVM indication.

(7) Bridge Switching Offset (C438 and C439)

@

{b)-

Set_the M164 Time Constant to 1 4SEC.

Adjust C438 andfor C439 so that the DVM
change is less than 20 mV while switch-

. ing the Aperture Duration between 5nSEC

and 5 xSEC. (Adjustment made in 5 nSEC
position.)

(8) BRIDGE NULL & FET NULL (R482A, R481A)

(@)

Disconnect the trigger signal applied to
the Trigger INPUT connector.

Set the Aperture Duration to .5 4SEC and
CAL.

Set the M164 Time Constant to 1 uSEC.

Hold down the M164 CLEAR pushbutton.
The panel-meter indication will go to zero.
At some convenient time, release the
CLEAR pushbutton. The meter indication
will drift away from zero. Adjust F{482lA
(BRIDGE NULL) so that the rate of drift is
minimum. if the output should reach full
scale while the adjustment is in progress,
momentarily depress the CLEAR pushbut-
ton to restore the zero indication and con-
tinue the adjustment procedure.



(e) Set the Aperture Duration switch to
5 uSEC and CAL.

(fy Momentarily depress the CLEAR push-
button to establish a zero indication. Then
adjust R481A (FET NULL) for minimum
drift in the zero indication. As before, if
the output indication should reach full
scale, restore the zero indication with the
CLEAR pushbutton and continue the pro-
cedure,

() Overload Checks

(a)} Select SUMMATION averaging, DC cou-
pling, and a 1 M@ input impedance with
the M164 front-panel pushbuttons.

{b} Place test-switch S409 in the TEST {for-

ward) position.

Connect a jumper from TP411 to ground.

Press in the M162 INT. Trigger Mode
pushbutton, :

Apply a 20 Hz sine wave having an ampli-
tude of 820 mV pk-pk to the M164 Input.
The OVERLOAD light should giow.

Monitor TP410 with the oscilloscope. The
observed signal should be a 20 Hz sine
wave with a pk-pk amplitude of 4.1 V pk-
pk.

Make provision to simultaneously moni-
tor the signal at TP412. The signal at
TP412 should be a TTL rectangular wave-
form that goes to logic 0 each time the
TP410 signal exceeds plus or minus two
volts.

Reduce the input frequency to 1 Hz. Then
transfer the oscilloscope to the rear-most
end of resistor R466A. The observed
signal should be a + 14 V pulse (nominal)
with a duration of nominally 300 ms.

(i) Remove the oscilloscope, the applied in-
put signai, and the jumper {TP411).

(10) FET COMPENSATION (C498)

(@) Press in the EXT Trigger Mode pushbut-
ton and apply a 100 Hz 1 V trigger input
signal to the Trigger INPUT connector.
Establish proper triggering with the Trig-
ger Level control. In the case of a unit
equipped with the Digital Storage option,
be sure that the cable extending from the
Digital Storage board to the upper M162
board is disconnected at the upper-board
end.
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(b) Set the Aperture Delay Range to 5§ mSEC.
(c) Set the % INITIAL A and B dials to 30%.

{(d) Set the Aperture Duration switch to
5 wSEC and CAL.

Press in the EXT Scan Select pushbutton.

‘Set S409, the PC board test switch, back
to OPERATE (rear position).

Select Digital Storage ON with the inner
knob of the Function switch. The outer
knob should still be set to “A”.

Set the M164 Time Constant to 1 4SEC.

Select EXP averaging and GND with the
M164 input pushbuttons.

Monitor the signal at the M164 front-panel
pin jack with the oscilioscope. The scope
should be ac coupled, the sweep rate
shouid be 5 mSEC/cm, and the vertical
sensitivity should be 50 mV/cm.

Adjust C498 (FET COMPENSATION) and
the M164 front-panel ZERO control to-
gether as required to achieve minimum
amplitude pedestals in the observed
waveform, It should be possible to reduce
the pedestals to less than 10 mV.

This completes the M164 alignment. The test
equipment can be removed. If the digital storage
board cable was removed in an earlier step, re-
connect i now.

5.7 ALIGNMENT PROCEDURES FOR
162/95, 162/96 AND 162/97 OPTIONS

5.7A EQUIPMENT REQUIRED
(1) Two adjustable power supplies, each capable
of furnishing voltages anywhere in the range
of 0 V to 10 V, either polarity.

{2) A general-purpose digital voltmeter, hereafter
referred to as DVM.

(3) A Model 162 mainframe known to be in good
working order. Plug-in Processor Modules are
not required. .

(4) An Option-Board Extender (#1710-00-1601).

(5) Cables, clip leads, etc. as required. NOTE:
When the Model 162 is shipped, it is provided
with a connector/cable assembly that gives
access to P101 (rear panel of 182). This
assembly wiil be requirad.



5.7B PROCEDURE STEPS THAT APPLY FOR

ALL OPTIONS

(1) If the option board to be atigned is already in-

—

stalled in the mainframe, unpiug it, install the
extender card (#1710-0018) in its place, and
plug the option board into the extender with
the component side of the option board fac-
ing the rear of the instrument. For instruc-
tions on the option board installation, see the
paragraphs entitied OPTIONAL FUNCTIONS
in Subsection 4.13C.

Examine the connector/cabie assembly that
interfaces to P101 at the rear of the Model
162. Identify those wires of the flat-ribbon
cable that terminate in pins 1, 25, and 49. Strip
the end of each of these wires so that connec-
tions can be made to them. Channel B “out-
put” voltages will be applied to pin 49.
Ground connections will be made at pin 25,

(3) Set the Model 182 controls as follows.

Aperture Delay Range: 10 us

% Initial A and B: 50%

Aperture Duration: setting immaterial

Scan Time: setting immaterial

Trigger Mode: INT

Scan/Select: EXT

Function: will be set in later step

Mainframe Time Constant: 0.1 mSEC and CAL
Power: ON

5.7C PROCEDURE FOR A MODEL 162/95

PRODUCT OPTION

(1) US501 ZERO (R9507) and U9502 ZERO (R9511)

(a) Set the FUNCTION switch to A x B.

(by Check the position of the slide switch on
the option board itself. It should be in the
A x B position,

(c) At the Option board, connect a jumper

from TPS507 to ground.

(d) Monitor the voltage at TP9502 with the

DVM. Then adjust R9507 (U9501 ZERO) for

a DVM indication of 0.00 V.

(e) Transfer the DVM to TP9503. Then adjust

R9611 (U502 ZEROQ) for a DVM indication

of 0.00 V.

{f)
provement in the two zero adjustments
can be made.

(g) Remove the jumper from TP9507.

(2 UB503 ZERO (R9522)

(a) Connecta jumper from TP9504 to ground.

Repeat steps-(d) and (e) until no furtherim- -
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{b) Monitor the voltage at TP9506 with the
DVM and adjust R9522 (U9503 ZERO) for a
DVM indication of 0.00 V.

{c) Remove the jumper from TP9504,

(3) Xo (R95186), Y, (R9517), and Z, (R9518) Adjust-

ments

(a) At the rear-panel connectoricable assem-
bly, connect the ouiput of one of the
power supplies to pin 1 and the output of
the other to pin 49. Use pin 25 for ground.
The pofarity should be such that negative
voltages will be applied to pins 1 and 49,
although the actual initial level applied
should be 0 V.

Set the slide switch on the Option board
to the A/B (Ratio) position. Also, set the
front-panel FUNCTION switch to SPEC.

Set the voltage applied to pin 48 of P101
to 0 V and that applied to pinito -1V,

Monitor the voltage at TPS506 with the
DVM. Then vary the voltage applied to pin
1 of P101 over the range of -1 V to
- 10 V. Adjust R9518 (Z;} so that the
smaliest possible voltage change takes
place at TP9506 as the voitage at pin 1 of
P101 is varied over the range of —1 V to
—-10 V.

(e} Leave the voltage applied to pin 48 at0QV
and set that applied topin 1 at — 10.000 V.

(f) While continuing to monitor the voitage at
TP9506, adjust R9517 (Y,) for a DVM in-
dication of 0.00 V. '

Disconnect that power supply which Is
connected to pin 49 of P101. Then jumper
pin 1 to 49 so that the voltage applied to
pin 1 will also be applied to pin 49.

Vary the voltage applied to pins 1 and 48
over the range of — 1V to — 10 V. While so
doing, adjust R9516 (X,) as required to
achieve the smallest possible change In
the TPO506 voltage.

(i} Repeat steps (¢) through (h) once more.

(4) A/B SCALE FACTOR (R9515)

(8) While observing the DVM, which should
still be connected to TPI508, vary the volt-
age applied to pins 1 and 49 over the
range of ~1Vito —-10V.



(b Set R9515 (A/B SCALE FACTOR)} such
that, as the appiied voitage is varied from
—1Vito — 10V, the DVM indication varies
no more than x 10 mV around —~ 10 V.

(5) Ax B SCALE FACTOR (R9526)

(@ Set both the A x B FUNCTION switch and
the Mode switch on the Option board to
AxB.

{b) Set the level of the voltage applied to pins

1 and 49 to — 10.000 V.

(c) Adjust RO526 (A x B SCALE FACTOR) for

a DVM indication (TP9508) of —10 V

=10 mV.

(6) POLARITY COMPENSATION({R9528)

{a) Change the power supply connections
such that +10.000 V is applied to both
pins 1 and 49,

(b} Adjust R9528 (POLARITY COMPENSA-
TION) such that the indicated voitage at
TP9506 is — 10.00 V =10 mV.

(7) Product Checks

{8) Change the power supply connections
such that one supply drives pin 1 (Chan-
nel B) and the other pin 49 (Channel A).
The polarity should be such as to suppiy
positive voltages to both points.

(b) Apply +10 V to both pins 1 and 49. The
voltage at TP9506 should be —10 V
=01 V.

{(c) Apply +1V topin49and + 10V to pin 1.
The voitage at TP9506 should be — 1.00 V
+=0.1 V. '

{(d) Apply +200 mV to pin 49 and + 10 V to

pin 1. The voltage at TP9506 should be
- 200 mV £ 100 mV.

{8) Ratic Checks

{a) Set the FUNCTION switch to SPEC and

the Option Board Mode switch to A/B.
{b) Apply — 10.00 V to both pins 1 and 49. The
DVM indication should be - 10.00 V
+ 100 mV.

Apply —10.00 V to pin 1 and —1.00 V to
pin 48. The DVM indication should be
-1.00V =100 mV.
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(d) Apply -~ 10.00 V to pin 1 and — 200 mV to
pin 49. The DVM indication should be
~200 mV 100 mV.

(e) Apply +1.00V topin1and ~ 1.00 V to pin

49. The DVM indication should be

—10.00V =100 mv.

(f} Apply +1.00 V to pin 1 and ~200 mV to

pin 49. The DVM indication should be

—200 mV =100 mV.

This completes the alignment and checks for the
product option board. Turn off the power, discon-
nect the power supplies, and return the Option
board to its proper connector. Unless immediate
operation in the ratio mode is intended, it is prob-
ably better to leave the Option Board Mode switch
in the A x B position,

5.70 PROCEDURE FOR A MODEL 162/96

LOG RATIO OPTION
NOTE: Underlying assumption is that the steps in
Subsection 5.7B have been performed.

(1} 1 kHz Oscillator Checks
(@) Set the FUNCTION switch to LOG (A/B).

(b) Set the voltage applied to pin 1 of P101 to
—10.00 V. Set the voitage applied to pin
4910 -1.00 V.

Monitor the signal at each end of R9621
(AC BAL) with the oscilloscope. The
signal at one end should be 180° out of
phase with that at the other end. Other-
wise they should be the same. The wave-
form shape should be as indicated in
Figure V.7,

()

(2) CHANNEL A ZERQ (R9605)
{a) Connect the DVM to TP9502,

be—1ms + 0.35 ms—s

+05VTO +15V

=7V TO -0V

Figure V.7. OSCILLATOR OUTPUT SIGNALS



(b) Alternate the voltage applied to pin 49 of
P101 between +1.00 V and —1.00 V.
While so doing, note the change in the
voltage at TP9602 {nominal fevel should
be —4 V). Adjust R9805 (CHANNEL A
ZEROQ) so that the observed change caus-
ed by alternating the voltage is less than
2mV. LEAVE THE APPLIED VOLTAGE
{pin 49y SET AT -1V,

(3} CHANNEL B ZERO (R9612)

(@) Switeh the voltage applied to pin 1 be-
tween + 10V and ~ 10 V, and note the ef-
fect on the voltage at TP9602 (nominal
vottage level should be —4 V).

While alternating the pin 1 voitage be-
tween +10 V and - 10 V, adjust R9612
{CHANNEL B ZERO) such that the observ-
ed voitage change is less than 4 mV.
Leave the voltage applied to pin 1 at
-10V.

(4 QUTPUT ZERO (R9624)

(a) Make provision for applying the same volt-
age to both pins 1 and 49. Set the voltage
to - 10 V. '

(b) Adjust R9624 (OUTPUT ZERO) so that the
voitage at TP9602 is OV + 1 mV.

(5) AC BALANCE (R9621)

(a) Vary the applied voltage over the range of
- 10 V to +1 V, noting the effect on the
voltage at TP9602,

(b) Adjust R9621 (AC BALANCE) such that
the observed change at TP9602 as the ap-
plied voltage is varied from -10 V to
+ 1V will be less than + 50 mV.

(6) OUTPUT ZERO (R9624)

{a) Set the potential applied to both pins 1
and 489 to - 10 V.

{b) Adjust R9624 (OUTPUT ZERQ) for 0 V
+ 1t mV at TP2602.

(7) OUTPUT SCALE (R9617)

(a) Change the power supply connections
such that + 1.00 V is applied to pin 49 and
+10.00 V is applied to pin 1.

{b) Adjust R9617 (OUTPUT SCALE)
- 4.000 V at TP9602.

for

(8) LOG o ADJUST (R9622)
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(a) Set the voltage applied to pin 49 to
+31.8 mV (the voltage applied to pin 1
should still be +10.00 V).

(b) Adjust R9622 for - 10.00 V at TP9602.

{9 Log Ratio Final Checks

(@) Set the voltage applied to pin 1 to
~10.00V and that applied to pin 49 to
-~ 10.00 V. The voitage at TP2602 should
beQV =4mV.

Set the voltage applied to pin 1 to
- 10.00 V and that applied to pin 49 fo
—1.00 V. The voltage at TP9602 should be
-4V =10 mV.

Set the voltage applied to pin 110 —~ 10.00
V and that applied to pin 48 to - 100 mV.
The voltage at TP8602 should be ~8 V
20 mV.

Set the voltage applied topin 1to — 1.00V
and that applied to pin 49 to — 100 mV.
The voltage at TP9602 should be —4 V
+40 mV.

Set the voltage applied to pin 110 - 1.00V
and that applied to pin 49 to — 1.00 V. The
voltage at TP9602 should be O V + 40 mV.

Set the voitage applied to pin 1to ~1.00V
and that applied to pin 49 to — 10 mV. The
voltage at TP9602 should be -8 V
+ 400 mV. ;

This completes the alignment and checks for the
log ratio option board. Turn off the power, discon-
nect the power supplies; and return the Option
board to its proper connector. ' -

5.7E PROCEDURE FOR A MODEL 162/97
RATIO OFTION

NOTE: Underlying assumption is that the option
board is mounted on an option board extender
card and that the component side of the option
board faces the rear of the instrument. The main-
frame control settings shouid be as given in
Subsection 5.78B. Also, note that there are two ver-
sions of this option, easily distinguished by the
number of adjustments. In one version there are
eight adjustments. in the other there are five. The
five adjustments discussed apply to both ver-
sions. The three additional adjustments in the
first version should never require field alignment.

{1) Modulator Check

(@) Set the Model 162 FUNCTION switch to
A/B,



{b) Setthe voliage appliedtopind9to —3.2V

and that applied to pin 1 to —10.00 V.

(c). Trigger the oscilloscope from the leading

edge of the puise at TP9709,

{d) Monitor the signal at TP8702. The observ-

- ed signal should be as indicated in Figure

V-8,

(2) A.G.C. ZERQ ADJUST (R9741)

{a) Gonnect a clip tead from TP8711 to

TPS701.

(b) Monitor the voltage at TPS704 with the

DVM and adjust R9741 (A.G.C. ZERQ) for
0 V. (Adjustment may drift quickly. This is
normal.)

{c} Remove the clip lead.

(3) DC RESTORER ADJUST (R9724)

(@

- waveform should be as

Connect the oscilloscope to TP3708. The
indicated in
Figure V-8.

{(b) Adjust R9724 (DC RESTORER ADJUST) so

that the voltage in the ‘‘sampie” interval
as indicated in Figure V-9is 0V £2 mV.

{4) ABSOLUTE VALUE ADJUST (R9753)

Change the voltage applied to pin 49 of
P101 to — 10 V.

Connect the DVM to R9739 (gither end),
The voltage should be about - 10 V..

Alternate the voltage applied to pin 1 of
P101 between +10.00 V and —10.00 V,
noting the change in the voitage at R9739.

Adjust R9753 (ABSOLUTE VALUE AD-
JUST) such that the observed change is

———hhmsﬁOOpsh—
+1.2V
+0.38V
ov I

Figure V-8, INPUT MODULATOR CHECK WAVEFCRMS
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oviemy

Figure V.9. DC RESTORER OQUT

less than 5 mV as the voliage at pin 1 is
switched between +10.00 V and
~10.00 V. Leave the voltage applied to
pintat -10.00V,

(5) OUTPUT ZERO ADJUST (R9754)

(@)

{b)

Set the voltage applied to pin 49 of P101
to Q.00 V.

While continuing to monitor the voltage at
R8739, adjust R8754 (OQUTPUT ZERO AD-
JUST) for a DVM indication of 0.00 V
+5mV.

{(6) SCALE ADJUST (R9752)

{a)

{b)

Set the voltage applied to pin 49 of P101
te —10.00 V, the same voitage as Is ap-
plied to pin 1 (the same supply may be
coennected 1o both pins).

Adjust R9752 (SCALE ADJUST) for a DVM
indication (DVM should still be monitor-
ing H9739) of +10.000 V.

{7) RATIO CHECKS (DVM monitors voltage at
R9739 in each case)

(@

(b)

()

Set the voltage applied to pin 49 t0 0.00 V
and that applied to pin 1 to —1.00 V. The
DVM indication should be 0.00V = 50 mV.

Set the voltage applied to pin 49 to
-~ 500V and that applied to pin 1 to
—8.00 V. The DVM indication should be
—10.00V =50 mV.

Set the voltage appiied io pin 49 to
-~ 200V and that applied to pin 1 to
—8.00 V. The DVM indication should be
- 250V £50 mV.

Set the voltage applied to pin 49 to
—10.00 V and that applied to pin 1 to
- 10.00 V. The DVM indication shouid be
- 10V =50 mV.



This completes the alignment and checks for the
ratio option board. Turn off the power, disconnect
the power supplies, and return the Ratio Option
board to its proper connector.

5.8 ALIGNMENT PROCEDURE FOR
MODEL 162/99 DIGITAL STORAGE
OPTION

5.8A INTRODUCTION -

The basic underlying assumptions for this align-
ment are that the Digital Storage Option is install-
ed, that it works, and that the alignment is being
performed as part of a periodic maintenance pro-
gram, or possibly as a post-repair procedure. The
digital storage board is ‘‘dual”, that is, the cir
cuitry that services Channel B is the same as, but
separate from, that which services Channel A. A
processor module (Model 183 or Mode! 164) must
be installed in the channel being aligned. One can
install a single moduie, and move it as necessity
dictates, or install two processor modules if fwo
are available. Note that certain of the Digitai
Storage Adjustments are outlined in Section IV of
the manual. The adjustments in Section IV are
those which match a given Digital Storage Module
to a specific processor module or pair of pro-
cessor modules. The general alignment that
follows can be performed with any processor
moduie. However, before digital storage can be
used in a measurement, the Digital Storage ad-
justments of Section IV must also be performed to
match the digital storage option to the specific
processor module. '

5.88 PROCEDURE
(1) Set the mainframe controls as follows.

Aperture Detay Range: 10 uSEC

% Initiai A and B: 10%

Aperture Duration: 5 ySEC if Processor Mod-
ule is M164. Setting immaterial if P.M. is
M163.

Scan Time: setting immaterial

Function: Outer knob to “A”. Inner knob to
Dig. Stor. ON.

Time Constant: 10 mSEC and CAL

Scan Select pushbuttons: EXT depressed;
others released. Make provision for trigger-
ing at 100 Hz from external trigger source.
Set Trigger Level control as required for
reliable triggering.

Power: ON

{2) Set Processor Module controls as follows.

Model 164

Pushbuttons: Select EXT, GND, DC and 1 MQ

Time Constant: 1 xSEC

Zero Control: Gnce proper triggering is estab-
lished, adjust Zero Control for 0.00 V at the
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M164 OUTPUT pin jack. Each time the M164
is moved (if it is moved) recheck the Zero
adjustment and touch it up if necessary,

Maodel 163

A Sampling Head should be installed. A suit-
able grounding pliug should be connected to
the Sampling Head input. :

input Range: 1V

Samples Averaged: 102

Baseline Sample Delay: outer knob fully coun-
terclockwise; inner knob pushed in.

Zero Control: Once proper triggering is estab-
lished, adjust the Zero control for 0.00 V at
the M163 QUTPUT pin jack. If a single pro-
cessor module is being used, which will re-
quire moving the P.M. in the course of the -
procedure according to which channe! is
being aligned, the Zero Adjustment should
be checked and, if necessary, touched up
each time the module position is changed.

(3) Remove the top cover (secured by two screws

on the under surface of the “overhang” at the
rear of the instrument),

(4) Turn the power off. Then remove integrated

circuits U8315, U98186, U925, and L9926 from
their sockets, taking careful notice of the
orientation in each case so that they can be
correctly inserted later on.

(5) CHANNEL A D/A SUMMING AMP. ZERO

(R9948)

{a) Connect a clip lead from TP9802 to
ground,

{b) Monitor TP803 with the oscilloscope and
adjust R9948 for nominally 0 V. NOTE:
This is a high-gain open-loop adjustment.
The best one can do will usuaily be to find
that setting where a slight adjustment in
either direction will “snap” the voitage at
TPY903 from one extreme to the other.

{c) Remove the clip lead from TPS902.

(6) CHANNEL A D/IA QUTPUT ZERO (R9954)

(a8) While continuing to monitor TP9903 with
the oscilloscope, press and hoid in the
Processor Module CLEAR pushbutton.-
Then adjust R9954 for 0 V +10 mV at
TP3903.

(b) Release the CLEAR pushbutton..

(7) CHANNEL A x 100 ZERO ADJUSTMENT

(R9943)



(@)

(d)

Place Integrated Circuits U9815 and
19916 {removed in step 4) back into their
sockets.

Connect a clip lead from TP9305 to
ground.

Monitor the signal at TP9906 with the
oscilloscope. Then adjust R9943 for
nominally 0 V. This is another high-gain
open-loop adjustment and the adjustment
criteria discussed in step 5(b) will apply.

Disconnect the grounding clip lead from
TP9905.

(8) CHANNEL A INTEGRATOR ZERO ADJUST-
MENT (R9950)

(@)

(b)

()

Connect the clip lead from TF9906 to
ground.

Monitor TP9907 with the oscilloscope and
adjust R9950 for a smooth 0 V de level. A
suitable oscilloscope sensitivity would be
10 mV/icm.

Remove the .grounding clip lead from
TPS908. '

(9) CHANNEL B D/A SUMMING AMP ZERO
{RO991)

NOTE: If the procedure is being performed
with a single processor module, it will be nec-
essary to transfer the module from the Chan-
nel A to the Channel B position at this time.
After making the transfer, touch up the pro-
cessor module zero adjustment before pro-
ceeding.

(a)

{b)

Connect a clip lead from TP99C9 to
ground.

Maonitor TP8810 with the oscilloscope and
adjust R9991 for nominally 0 V at TP9910.
Again, this is an open-loop high-gain ad-
justment, and the best that one can ex-
pect to do is to find that point where a
slight adjustment in either direction will
“snap’ the voltage to one extreme or the
other.
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(c)

Remove the clip lead from TP9208.

(10) CHANNEL B D/A OQUTPUT ZERO (R9997)

(@)

(b)

While continuing to monitor TPS910 with
the oscilloscope, press and hold in the
Processor Module CLEAR pushbutton.
Then adjust R9997 for 0V £10 mV on the
oscilloscope.

Helease the CLEAR pushbutton.

(11) CHANNEL B x 100 ZERO ADJUSTMENT
(R9S80)

(a)

{b)

{d)

Place Integrated Circuits U9825 and
U9826 (removed in step 4) back into their
sockets.

Connect a clip lead from TP9912 to
ground.

Monitor TP9913 with the oscilloscope.
Then adjust R8980 for nominally 0 V at
TP9913. Again, this is a high-gain open-
loop adjustment and the best one can ex-
pect to do is to find that point where a
small adjustment in one direction or the
other will “snap” the monitored voltage to
the extremes.

Remove the clip lead from TP2912.

(12) CHANNEL B INTEGRATOR ZERO ADJUST-
MENT (R9993)

(a)

Connect a clip lead from TP8913 to

ground,

{by Monitor TP8914 wifh -the oscilloscope

(use 10 mVicm sensitivity). Then adjust
R9993 for a smooth 0 V dc level.

(¢ Remove the clip lead from TP8813.

NOTE: This completes the general alignment of
the digital storage option board. It does not maich
the digital storage board 1o a specific processor
module or modules. That operation is performed
using the procedure in Subsection 4.14C (MATCH-
ING DIGITAL STORAGE OPTION TO PROCESSCR
MODULE).



SECTION Vi
TROUBLESHOOTING

' 6.1 SAFETY NOTICE

WARNING!
POTENTIALLY LETHAL VOLTAGES ARE PRES.-
ENT INSIDE THIS APPARATUS. These service in-
structions are for use by qualified personnel only.
To avoid etectric shock, do not perform any servic-
ing other than that contained in the operating in-
structions unless you are qualified to do so. Any
adjustment, maintenance and repair of the open-
ed apparatus under voltage shall be avoided as far
as possible and, if unavoidable, shall be carried
out only by a skilled person who is aware of the
hazard involved. When the apparatus is connected
to a power source, terminals may be live, and the
opening of covers or removal of parts is likely to
expose live parts. The apparatus shall be discon-
nected from all voltage sources before it is open-
ed for any adjustment, maintenance, or repair.
Note that capacitors inside the apparatus may
still be charged even if the apparatus has been
disconnacted: from- all voltage sources. Service
personnel are thus advised to wait several
minutes. after unplugging the instrument before
assuming that all capacitors are discharged. If any
fuses are replaced, be sure to replace them with
fuses of the same current and voltage rating and
of the same type. The use of makeshift fuses and
the short-circuiting of fuse holders are prohibited.

6.2 INTRODUCTION

This section consists of a detailed block diagram
discussion of the Models 162, 163 and 184, follow-
ed by a series of procedures to be followed in
troubleshooting these instruments. By making
voltage and waveform checks at criticai points, it
should be possible to narrow the trouble down to
one of the circuit boards, and in many cases even
to identify the specific malfunctioning circuit.
Once the problem has been localized, the operator
is advised to contact the factory or the factory-
authorized representative in his area for advice on
how to get the instrument back into operation in
the shortest possible time. In the case of units
still in Warranty, it is particularly important that
the factory or one of its representatives be con-
tacted before doing any work on a circuit board, as
any damages incurred from unauthorized work
will not be covered by the Warranty.

8.3 BLOCK DIAGRAM DISCUSSION

6.3A INTRODUCTION

The discussion that foilows is keyed to Figure
VI-1. As can be seen by referring to the figure, the
Mainframe and two Processor Modules are de-
lineated by dashed lines to indicate the physical
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location of any given circuit. Referring to the
figure, note that most of the timing circuitry and
all of the output-channel signal processing cir-
cuitry is located in the Mainframe, The Processor
Moduies contain the input-channe! signal pro-
cessing circuitry and the remainder of the timing
circuitry. For a more detailed look at the circuits,
the reader is referred to the Schematics and Parts
Location Diagrams in Section VI,

6.3B MAINFRAME TIMING CIRCUITS

Aperture Delay

The mainframe timing circuits provide the trigger-
ing, aperture delay, and scan contro! functions.
When the instrument is operating in the External
Trigger mode (most common mode of operation),
an externaily derived trigger applied to the Exter-
nal Trigger Input connector is routed through con-
tacts of the External Trigger pushbutton switch to
the Level Detector circuit. Here the trigger pulse
is compared with a voltage from the Trigger Level -
control so that triggering at any amplitude point
on the trigger signal can be accomplished. The
Slope switch that follows allows the transition co-
incident with either the positive or negative slope
of the input trigger to be applied to the next stage.
From there the signal is routed through contacts
of the Internal Trigger pushbutton switch to the
Defay Range Frame Generator. On receipt of the
trigger, this circuit initiates a Delay Range Frame
pulse, which has many functions. First, and most
importantly, its leading- edge switches on the
following current source to start the Aperture
Delay Ramp. Ramping current as determined by
the setting of the Aperture Delay Range switch
develops a linear ramp on the rampmg
capacitor(s). This ramp is buffered by a gain-of-
one operational amplifier, the cutput of which is
applied to a comparator. The comparator output in
turn is fed back to the Delay Range Frame Genera-
tor to effect reset when the ramp reaches its final
value. The Delay Range Frame Generator then ter-
minates the frame pulse, switching the current
source off. The current source output switches to
alow-impedance 0 V level, and the ramping capac-
itors quickly discharge, resetting the ramp back to
zero. Thus each trigger initiates a Delay Range
Frame equal in duration to the Aperture Delay
Ramp. The ramp duration in turn depends on the
setting of the Aperture Delay Range swiich. In the
Internal Trigger mode, no externally derived trig-
gers are required. Aperture Delay ramps foilow
one another as rapidly as possible.

Besides the aforementioned function of initiating
the Aperture Delay Ramp, the Delay Range Frame
is applied to the Model 163 to enable either the



Signal Sampling Gate or the Baseline Sampling
Gate (more about this later). Additionally, it is ap-
plied to the Trigger Light circuitry so that the
TRIGGERED light flashes each time the instru-
ment is {riggered. The monostable that precedes
the Light Driver assures that the light wilt remain
on long enough to be noticed, even with a very
short aperture delay. In units equipped with the
Digital Storage Option, the trailing edge of the
Aperture Delay Frame triggers the digital storage
ENCODE generator. Note that the Deiay Range
Frame is combined with the Digital ENCODE com-
mand to produce a STORE GATE signal. it is this
signai that causes the output of the Digital Stor-
age Unit to appear at the Mainframe output when
neither an ENCODE nor a Delay Ramp is in pro-
gress. (For the sake of simplicity, only the digital
storage circuitry associated with the Model 164 is
indicated in the diagram. The digital storage cir-
cuitry is actually “dual” and operates in an
analogous manner with the Model 163 as well)

The Delay Range Frame is also applied 1o the
Overlap Detect circuit in the M164. A puise de-
rived from the Aperture Gate Pulse is also applied
to the Qverlap Detect circuit. Should an Aperture
Gate Pulse initiated during a given Deiay Range
Frame extend beyond the end of the Frame, the
Overlap Detect circuit will cause the OVERLAP
light to glow. At the same time, a trigger holdoff
signal is fed back to the Delay Range Frame Gen-
erator to prevent ancther Delay Range Frame from
being triggered while the overlap condition per-
sists; the instrument does not become trigger-
sensitive again until the Aperture Gate Pulse in
progress ends.

Note that the Delay Range Frame input to the
Model 163 acts through a gate to trigger a 100 xs
monostable, and that the output of this mono-
stable in turn is fed back to the Trigger Holdoff In-
put of the Delay Range Frame Generator. By incor-
porating this monostable into the holdoff feed-
back loop in this manner, triggering faster than
10 kHz is prohibited when a Model 163 Processor
Module is used. This limit is dictated by the
recovery-time requirements of the Sampling
Heads used with the M163.

Scan Circuits

In scanned operation, these circuits determine
the position of the aperture opening with respect
to the trigger. To do this, a ramp is generated
whose duration can be set from .01 s to 10 s ac-
cording to the setting of the Scan Time controls.
Note from the block diagram that the ramp is pro-
duced by an operational amplifier connected as
an integrator. A voltage apptied through a field-
effect transistor switch to a resistor in series with
the integrator input sets the ramping current. The
Scan Time switch setting determines the value of
the input resistor and also the magnitude of the
feedback capacitance around the operationai am-

vi-2

plifier. The ramp produced by the integrator is
routed through some switch contacts to two sum-
ming amplifiers where it is added to the dc volt-
ages picked off the Initial Delay A and Initiai Delay
B potentiometers. The ramp is aiso fed back to the
Scan Control Logic circuits. These circuits, in ad-
dition to controlling the field-effect-transistor
switch at the input to the integrator, provide the
SCAN RESET, SINGLE SCAN, and STOP SCAN.
functions. Also, there are Scan Control Logic out-
puts that drive the Pen Lift Driver and Scope
Blanking circuits.

Before the Scan Ramp is applied to the Summing
Amplifiers, it passes through contacts of the
INT/EXT, A SCAN, and B SCAN switches, When
the EXT pushbutton is depressed, the output of
the internal Scan Ramp Generator is dead-ended
at the switch, and it is the externaily derived con-
trol voltage applied to the SCAN IN/OUT connec-
tor, together with the % Initial Delay settings, that
determines the position of the aperture opening.
When the A SCAN pushbutton is depressed, the
Scan Ramp is applied to the Channel A Surnming
Amplifier. Similarly, when the B SCAN pushbutton
is depressed, the Scan Ramp is applied to the
Channe! B Summing Amplifier. Should either of
these two buttons not be depressed, the ramp is
not applied to the correspondmg amplifier. In-
stead, the ampilifier input is grounded.

The time position of the aperture opening is ex-
pressed as a percentage of the selected Aperture
Delay Range. Each scan ramp can shift the aper-
ture opening over a range of 0% to 100% of the
Aperture Delay Range. Similarly, the % INITIAL
DELAY A and % INITIAL DELAY B dials can also
position the aperture opening over a range of 0%
to 100% of the Aperture Delay Range. (NOTE: The
lower limit for aperture position is actually about
3%; minimum delay of 75 ns always applies.) inas-
much as both the Scan Ramp and the voltages
picked off the potentiometers are applied to the
Summing Amptlifiers, the output of each ampiifier
equals the sum of the Scan Ramp and the corre-
sponding dialed voitage, and it is this sum that
determines when the aperture opens. For exam-
ple, if the Initial Delay A dial is set to 40%, and at
the moment of interest the Scan Ramp is at 30%
of maximum, the output of the Channel A Sum-
ming Amplifier will be a voltage that will position
the ieading edge of the aperture opening at 70%
of the selected Aperture Delay Range.

‘The output of each of the Summing Amplifiers is -

fed back through a Scan Maximum Detect circuit
to the Scan Control Logic circuitry. When the out-
put of either Summing Amplifier reaches the level
corresponding to 100% delay, the Scan Control
Logic ends the ramp. The ramp will either reset
and begin again (SINGLE pushbutton released), or
hold at the point reached (SINGLE pushbutton de-
pressed). it is important to note that the ramp
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does not necessarily reach its maximum. For ex-
ample, if the dialed initial delay were 40%, the
ramp would terminate when it reached 60% of its
maximum value; ramping terminates when the
sum voltage reaches 100%.

Two comparators follow the Summing Amplifiers,
The sum of the Scan and the Initial Delay A volt-
age Is applied to the Channel A Delay Comparator.
The sum of the Scan and the |nitial Delay B volt-
age is applied to the Channel B Delay Comparator.
Both Comparators have as a second input the
Aperture Delay Ramp. Recall that each time the in-
strument is triggered, one Aperture Delay Ramp is
produced. The Aperture Detay Ramp voltage ap-
plied to each comparator rises linearly and
crosses over the sum voltage applied to the other
input. When the crossover occurs, a Comparator
output is generated. The time position of this out-
put will depend on the sum voltage into the com-
parator, and can vary from 0% to 100% of the
selected Aperture Delay Range. Assuming a Scan
Ramp is in progress, the time position of the com-
parator output transition will occur slightly later
with each successive repetition of the Aperture
Delay Hamp. Thus the Comparator output is
“scanned” over the selected Aperture Delay
Hange. The comparator outputs are routed to the
corresponding Processor Modules to {rigger the
Aperture Gate Generator circuits, thereby deter-
mining how long after each trigger the aperture
opening occurs, Note that the duration of each
aperture opening is determined by circuits in the
Processor Modules, Also note that the Aperture
Gate Generator circuits do not respond to the
comparator output reset transitions that occur as
each Aperture Delay Ramp resets.

8.3C MODEL 164 TIMING CIRCUITS

The output of the Channel B Delay Comparator is
applied to the input of the Model 164 Aperture
Gate Generator. (The other Comparator could also
drive the Model 164; it’s solely a matter of module
position.) The Aperture Gate Generator is a pulse
generator that provides one pulse out for each in-
put trigger (Comparator output). The duration of
the pulse is set by the Aperture Duration controls,
which are located on the front panel of the main-

other output of the Aperture Gate Generator is
available at the front-panel GATE OUT connector,
and vet another is applied o the Mode! 1684 Over-
lap Detect circuit, which functions as described
previousty.

6.3D MODEL 163 TIMING CIRCUITS

The timing relationships in the Model 163 are nec-
essarlly complex due to the baseline sampling
and averaging features provided in this module.
For each input trigger 1o the Model 162, either of
two separate timing sequences are set in motion
at the Modet 163, The first, or signal-sampling se-

_quence, is analogous fo that in the Model 164.

frame. The Aperture Gate Generator pulse output

{or buffered equivalents thereof) is used in many
ways. First, it serves to control the M164 Signal
Channel Gates. Note that there are two gates con-
nected in series, a four-diode “fast” gate, and a
field-effect transistor *low-ieakage” gate. The FET
gate switches on the three slowest Aperture Dura-
tion Ranges-only. On the faster ranges it conducts
continuously. The bridge gate, which is capable of
extremely fast switching times, switches on all
Aperture Duration Ranges. Although the response
time of the diode bridge is much faster than that
of the FET gate, its leakage characteristics are not
as good. Hence the use of the FET to achieve
superior holding time on the siower ranges. An-

Vi-4

Note that the output of the Channel A Delay Com-
parator (it coutd as well be the Channel B Delay
Comparaton is routed to the Model 163 and ap-
plied to a Trigger Buffer circuit, The buffer output
in turn is applied to a gate, which also has an In-
hibit input. In a signal-sampling sequence, no in-
hibit signal is applied, and gate outputs trigger the
0.5 us Signal Monostable and also the Blocked
Oscillator that causes the Sampling Head to take
one sample. Outputs of the monostable control
the Signal Channel Gated Integrator, and provide
one input to the Gate circuit that generates the
front-panel GATE QUT signal. The sample taken at
the Sampling Head is ac coupled out of the Sam-
pling Head, amplified, and applied to the Gated In-
tegrator controlled by the earlier mentioned
Signal Monostable.

A baseline-sampling sequence is similar, the main
difference being that, whereas the timing of the
sample in a signal-sampling sedquence is coinci-
dent with the output of one of the two mainframe
Delay Comparators, the timing of the sample in a
baseline-sampling sequence is coincident with
the output of a Comparafor located in the Mode!
163. Like the mainframe comparators, this one has
the Aperture Delay Ramp as one of its inputs.
However, whereas the mainframe comparators
have the sum of the scan plus dialed delay for
their second input, the voltage determined by the
setting of the front-panel Baseline Sample Delay
Control acts as the second input to the Baseline
Sample Comparator. Thus, by adjusting the Base-
line Sample Delay control, the position of the
baseline sample can be iocated anywhere over the
Aperture Delay Interval.

The output of the Baseline Sampie Delay Com-
parator is applied to a gate having an inhibit input
like that of the corresponding Signal Channel
gate. This gate, when not inhibited, passes the
Comparator output to trigger both the 0.5 us
Baseline Monostable and the Biocked Osclllator.
The Baseline Channel Monostable directly con-
trols the Gated Integrator in the Baseline Channel,
and also provides an output {o the Gate which pro-
duces the front-pane! GATE QUT signal. The sam-

‘ple taken at the Sampling Head is ac coupted out



of the Sampling Head, amplified, and applied to
the Gated Integrator controlled by the Baseline
Sampling Monostable.

Each time the M162 is triggered, a divide-by-two
circuit triggered by an output of the Delay Range
Frame Generator determines whether a given cy-
. cle' will be a signal-sampling sequence or a base-
iine-sampling seguence. Note that the divide-by-
two circuii has two outputs, each of which is de-
layed and then appiied to the Inhibit input of the
corresponding gate. At any time, one gate or the
other is inhibited. Thus, during a given cycle, only
one of the two monostables can be ftriggered.
When operating in the baseline-sampling mode,
the divide-by-two circuit alternately inhibits first
one gate and then the other, with the resuit that
signai-sampiing sequences and baseline-sam-
pling sequences alternate. When not operating in
the Baseline Sampling mode, the divide-by-two
circuit is itself inhibited in such a way that the
gate following the Baseline Sample Delay Com-
parator is continuously inhibited while that follow-
ing the Trigger Buffer is continuously on. The
resuit is that every trigger initiates a Signal Sam-
pling sequence.

Note that the Divide-by-Two circuit aiso controls
two shunt FET gates, one at the output of each
Gated Integrator. During a signal-sampling se-

quence, the ocutput of the Baseline Integrator is-

shunted to ground and only the ocutput of the
Signal Integrator is appiied o the feedback ioop.
During a baseline-sampiing sequence, the output
of the Signal Iategrator is shunted to ground and
only the output of the Baseline Integrator Is ap-
plied to the feedback loop.

Not yet discussed is the Baseline-On Detector
that monitors the voltage picked off the Baseline
Sampte Delay control and compares it with a
small dc voltage. When the control is fully coun-
terciockwise, the output of the detector supplies
no current to the reiay in the input circuits of the
final M163 Amplifier. As a result, this amplifler
“sees” the output of the Signal Channel Gated In-
tegrator with respect to ground. With controf set-
tings other than fully counterclockwise, that is,
with Baseline Sampling selected, current is sup-
plied to the relay and it energizes, changing the in-
put circuit configuration of the final amplifier. In-
stead of seeing the Signal Channel Integrator out-
put with respect to ground, the amplifier sees the
Signal Channe! Integrator output with respect to
the Baseline Channel Integrator output. Since dc
drifts will affect both channels equally, they will
not deqrade instrument accuracy when operating
in the Baseline Sampling mode. The Baseline-On
Detector also inhibits the + 2 circuit as explained
previously whenever baseiine sampling is not
selected. '
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Note that the input Baseline Sample Delay Com-
parator can also be taken from an external scurce,
The switching for this function is ilustrated in the
block diagram. When external control of the base-
line sample position is selected, the ground sup-
plied to the Baseline Delay potentiometer is dis-
connected and the EXT pin jack is routed to the
Comparator input.

The M183 final amplifier drives the M163 front-
panel OUTPUT pin jack, and is also routed to the
mainframe for final processing.

6.3E SIGNAL PROCESSING

Model 164

The signal applied to the Signal Input connectoris
routed directly to the Input Coupiing circuits.
These circuits, which are actuated by front-panel
pushbution switches, allow the operator to
choose ac or dc coupling, an input impedance of
1 MQ or 50 Q, or, if desired, to apply either ground
or a full-scale calibrate level to the following gain-
of-six amplifier. The amplifier drives the Gated In-
tegrator, which has two gates in series with its in-
put, a diode-bridge gate for speed, and a FET gate -
for low leakage with long aperture times. Because
of the gating action, the Integrator only sees the
signal for the selected aperture time after each
trigger. The voitage at the output of the Integrator
can only change over the gate-open intervals. For
the entire time between apertures, the voltage at
the output of the Integrator “hoids”. if the Model
164 is being operated in the EXP averaging mode,
the Integrator output is applied to a x 0.5 amplifier
that feeds back to the gain-of-six preamplifier.
However, due o the 50:1 attenuator at the output
of the feedback amplifier, there is only 1% effec-
tive feedback, establishing the overall gain from -
the input of the gain-of-five to the output of the
Gated Integrator at one hundred. Thus, the feed-
back has the effect of making the Integrator out-
put asymptotically approach 100 E, where E, is
the signal amplitude at the sampled point. The cir-
cuit response is described by the characteristic
RC charging curve but stretched in time by the
duty factor, The selected Time Constant sets the
RC product, with the involved components being
the capacitance around the Gated Integrator and
the resistance in series with the summing junc-
tion, including that of the gates when conducting.
Because of loop-gain considerations {factor of 100
attenuation in the feedback loop together with a
% 6 gain in the summing line), the actual RC is
about a factor of 17 less than the selected Time
Constant.

If the Model 164 is operated in the SUM averaging
mode, the feedback loop is broken and the circuit
functions as a true integrator. A given amount of
input causes a specific rate of change at the out-
put. The duty factor and selected Time Constant
determine the rate of change for any given inpuil



tevel. In other words,, with an input, E,, applied,
the output does not asymptotically approach 100
E., but rather rises linearly until the limits are
reached or the input signal changes.

Note that there is a second FET connected to the
summing point of the Gated Integrator, one that
extends from the summing point to the junction of
iwo equal resistors, R1 and R2 in the block
diagram. In units not equipped with the Digital
Storage Option, this FET only conducts when the
CLEAR pushbutton is depressed. When this is
done, the FET forms a discharge path for the in-
tegrating capacitor, -allowing it to be quickly
discharged,

in units that are equipped with the Digital Storage
Option, this second or “feedback” FET has the ad-
ditional function of providing the means for con-
necting the output of the Digital Storage Circuitry
to the summing point of the Gated Integrator. The
basic timing sequence of the Digital Storage func-
tion follows.

(1) The instrument is triggered, initiating a Delay
Range Frame which, in addition to its earlier
described uses, is applied to the gate that
controis the Feedback FET. This FET, when
conducting (it does not conduct during a
Delay Range Frame) connects the junction of
the Digital Storage and Gated Integrator out-
puts {o the summing junction of the Gated In-
tegrator. As a result of the control exercised
by the Delay Range Frame, the Feedback FET
is prevented from conducting for the duration
of the Delay Range Frame, and the Gated In-
tegrator is not affected by the Digital Storage
Unit over the Deilay Range Frame interval.

(2) At some time during the Delay Range Frame,
the aperture opens, and the voltage at the oui-
put of the Gated Integrator changes as ap-
propriate for the input signal level and operat-
ing parameters. As soon as the aperture
closes, the Gated integrator resumes holding
in the usual manner.

(3) The trailing edge of ithe Delay Range Frame
triggers the 1 ms ENCODE generator. The en-
code generator output has two functions.
First, it is applied to the gate that controls the
Feedback FET, thereby preventing the FET
from conducting during {he Encode se-
quence. Second, it is applied to the Digital
‘Storage Unit, which then makes an analog-to-
digital conversion of E;, the output of the
Gated Integrator. The digital information is
stored and reconverted to analog form. The
analog voltage, which is equal to E, but of op-
posite polarity, is made available at the out-
put of the Digital Storage Circuitry.
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(4) At the end of the 1 ms Encode command, by
which time the analog-to-digital-to-anaiog
conversion is complete, the gate controiling
the Feedback FET switches and the Feed-
back FET conducts, thereby connecting the
junction of R1 and R2 to the summing junc-
tion of the Gated Integrator. E, is applied to
R1 and — E; to R2. Because these resistors
are equal, there is 0 V at their junction. Should
the output of the Gated Integrator tend to
drift, the voltage at the junction of R1 and R2
will become non-zero {(except for 1% of full
scale maximum short-term drift, the voltage
at R2 remains — E, indefinitely because it is
derived from the siored digital data), develop-
ing an input to the Gated integrator of the
polarity necessary 10 correct the output back
to its former valus. The Feedback FET con-
tinues 1o conduct until the instrument is trig-
gered again, giving, in effect, an infinite hold
time.

The CLEAR pushbutton has an additional function
if the Digitai Storage feature is being used. Be-
sides establishing a discharge path for the Infe-
grating Capacitor via the Feedback FET, it also
resets the Digital Storage Circuitry to 0 V out.

In any case, whether or not the unit is equipped
with the Digital Storage Option, the Gated Inte-
grator cutput signal is routed to the Mainframe for
additional processing as explained further on.

Model 163

Because of its baseline sampling capability, the
Mode! 163 has more complicated signal process-
ing circuitry than does the Model 164. Referring to
the block diagram, note that the input signali is ap-
plied directly to the Sampiing Head. The aperiure
circuitry, which is internal to the Sampling Mead,
is controlied by the Blocked Oscillator as describ-
ed previously. Each time a sample is taken, either
of the signal or of the baseline, the information
gathered is coupled out of the Sampling Head to a
x 0.5 attenuator and from there to an amplifier
with a fixed gain of x 30. This amplifieris followed
by an attenuator controlled by the Modei 163 front-
panet Input Range switch. Another x 30 amplifier
follows, and then a pair of Gated Integrators.
These integrators stretch and hold the informa-
tion out of the Sampling Head. The upper gated in-
tegrator is only activated during a signal-sampling
sequence. The lower is oniy activated during a
baseline-sampling sequence. The output of the
Signal Sampling Integrator asymptotically ap-
proaches the average levei of the input signal at
the sampled point. Similarly, the output of the
Baseline Sampling Integrator asymptotically ap-
proaches the average level of the baseline at the

sampied baseline point. If the baseline sampling

st



feature is turned off, only signal samples are
taken. The magnitude of the capacitance around
each of the integrators is set by the Model 163
SAMPLES AVERAGED switch.

Note that a feedback loop simiiar to that in the
Model 164 is employed. The feedback loop con-
sists of an amplifier and an atienuator. This at-
tenuator operates in conjunction with the Input
Range switch as required to maintain the loop
gain constant. Depending on whether the se-
guence in question is a signal-sampling sequence
or a baseline-sampling sequence, the output of
one Gated Integrator or the otheris fed back to the
Sampling Head to complete the loop. Note that
there is a shunt FET ahead of the feedback point
at the output of each integrator. One or the other
of these FET’'s always conducis. Thus, when a
signal-sampling cycle is In progress, the shunt

gate at the cutput of the Baseline Sampling inte-

grator is fed back. The reverse is true during a
baseline-sampling cycle. It is important 10 realize
that these shunt gates are in an attenuator net-
work, that is, they do not directly ground the out-
put of the infegrators. Thus, even when a given
shunt FET is conducting, the output of the pre-
ceding integrator is not forced to 0 V, bui rather
continues to hold at the proper level. Only feed-
back signal is grounded.

The direct outputs of the two integrators are ap-
plied to a differential amplifier which provides the
Model 163 signal output. When using the baseline
sampling feature, the Model 163 output is a volt-
age proportional to the difference between the
average amplitude at the sampled signal point and
the average baseline level at the sampled baseline
point. If baseline sampling is not used, the output
is simply the average amplitude at the sampled
signal point relative to ground.

Although it isn’t indicated in the block diagram,
the Digital Storage Option is “dual”, that is, there
are two sets of Digital Storage Circuitry, one for
each channel, and both function as described for
the Model 164, If operated in conjunction with a
Mode! 163, the Digital Storage Circuitry only af-
fects the Signal Sampling Integrator. The hold
time of the Baseline Sampling Integrator remains
the same. As a resuli, one cannot use the baseline
sampling and digital storage .techniques simul-
taneously.

Mainframe

The output signal from each of the Processor
Modules is applied to the mainframe Function
switch. This switch allows the operator to select
the final mode of signal processing. Assuming
none of the options are selected, either the A
Channel Qutput signal, the B: Channel Quiput
signal, or the difference signal will be applied to

the foliowing amplifier. If one of the options is
selected, other circuits, not indicated in the biock
diagram, come into play to perform the desired
function.

In any case, the signal out of the Function switch
is applied to a series of amplifiers that establish
The net gain from the output of the Processor
Module to the f{t) Output at x 1. The f(t) signal is
aiso developed in these amglifiers, and is routed
through a final Quffer to the f(t) Output connector.
The gain to the f(t) Qutput depends on the setting
of the inner knob of the Time Constant switch (in-
ner knob affects time constant also, as indicated)
and on the setiing of the internal BATE adjust-
ment. The transform functions are given in the
specifications.

6.4 MAINFRAME TROUBLESHOOTING
PROCEDURE

6.4A INTRODUCTION

Troubleshooting the mainframe is accomplished
by making voltage andf/or waveform checks at
critical points. Generally speaking, the operator
will be searching for gross discrepancies between
the observed waveform or voitage and that in-
dicated in the following procedurs. Thers is some
normal variation from instrument to instrument,
and small differences between indicated and ac-
tual measurements are to be expected. Once the
malfunctioning circuit has been identified, addi-
tional troubleshooting as decided by the operator
can be performed {0 locate the specific faulty
component. in the case of instruments stilt in war-
ranty, care must be taken that no damage Is dene
in troubleshooting as such damage would not be
covered by the Warranty.

5.48 EQUIPMENT REQUIRED

{1} High-speed oscilloscope with dualtrace
capabilities—TEKTRONIX 7000 series main-
frame with appropriate plug-in modules.

(2} Fast square-wave source—E. H. Model G710.

(3) General purpose digital voltmeter—FAIR-
CHILD Model 7000A.

{4) For convenience in making contact with
some of the test points, it will prove useful to
have some of the special test probes specific-
ally designed for the purpose. Two particular-
ly well suited probes are the Rye Industries
KLEP 30 “clip/probe” and the Pomona “grab-
ber” plunger action Mini-Test clip.

5.4C PRELIMINARY STEPS
(1) With the power off, remove the Processor
Modules from the mainframe.



(2) Remove the top cover (secured by two screws
on the underside of the top-cover overhang at
the rear of the instrument).

(3) Note whether the unit is equipped with digital
storage. If it is, the digital storage circuit
board will have to be removed to give access
to the check points on the upper mainframe
circuit board. NOTE: If the unit is equipped
with any of the other options, the correspond-
ing circuit boards can be feft in.

(4) Note that the upper circuit board is hinged on
the left side {front view) so that it can be lifted
up out of the way to give access to the lower
board. Remove the four screws that secure
the upper board. Then rotate it upwards as far
as it will go and tie it in that position with
some string,

(8) Check the line fuse, located at the rear panel,
Also check the two fuses mounted on the
lower circuit board. If any of these fuses are
blown, replace them and turn the power back
on. If the fuse “holds”, continue the pro-
cedure. If it biows, there is a short circuit
somewhere in the mainframe that wiil have to
be located and repaired before any further
checking can be done. Good possibilities in
the case of fuse failure are the electrolytic
power-supply filter capacitors and the rec-
tifiers.

{6) Set the controls as follows.

Trigger Mode pushbuttons: EXT depressed;
all others released

Scan Select pushbuttons: “A” depressed; all
others released

% Initial A and B: both to 10%

Aperture Delay Range: 1 uSEC

Aperture Duration; setting immaterial

Scan Time: 10 SEC and CAL

Function: A

Time Constant: 0.1 mSEC and CAL

6.40 POWER SUPPLY CHECKS

(1) Connect the DVM to the positive end of
capacitor C265. The indicated voltage should
be +15V 0.2V,

(2) Connect the DVM to the negative end of
capacitor £266. The indicated voltage should
be —18V x02V.

{3} Connect the DVM tc the positive end of
capacitor G255. The indicated voltage should
be +5V x£0.2 V. U209 is the upper board
+ 5V reguiator.
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{4) Connect the DVM to the positive end of
capacitor C110A. The indicated voliage
should be +5 V =0.2 V. U105A is the lower
board +5 V reguiator.

{6} Connect the DVM to the positive end of
capacitor C262. The indicated voitage should
be +50V £2 V.

{6) Connect the DVM to the negative end of
capacitor C258. The indicated voltage should
be -850V +2 V.

it all voitages are within tolerance, go on to step
6.4E. If any voltage is in error, it will be necessary
io locate and repair the malfunctioning circuit
before any further checks can be made. Most of
the power supply circuits are focated on the upper
board. The corresponding schematic is on page
Vi-13. in troubleshooting the regulators, bear in
mind that the +15 V reguiated level acts as the
reference for the —15 V regulator and for the
+ 50V regulator. The — 15 V regulated level acts
as the reference for the — 50 V regulator.

6.4E TRIGGER CHECKS
{1) Disconnect the wire which connects to quick-
disconnect terminal P138 on the lower board.
Tape the terminal at the end of the wire so
that it cannot accidentally short to another
clreuit element. :

{2) Connect a 250 kHz 0-to-1 V positive square
wave to the Trigger INPUT connector. NOTE:
The front-panel TRIGGERED lamp will not
glow because the lamp drive circuit is trig-
gered by a signal taken from beyond P138, the
disconnectied terminal.

{3} Monitor P138 with the oscilloscope. Then ad-
just the front-panel TRIGGER LEVEL control
until proper triggering is obtained as evidenc-
ed by a 250 kHz square wave at P138. The
lower leve! should be nominally — 0.6 V. The
upper should be nominally + 3V, If this signal
is as indicated, the basic trigger circuitry is
functioning normally. If the indicated wave-
form is not obtained, then detaiied checking
will be required. Note from the schematic on
page VIi-16 that the circuitry can be divided
into three subsections. The first subsection
is the Level Detector, and inciudes thai cir-
cuitry from the Tridger INPUT connector to
TP108A, a convenient monitoring point to
determine whether the Level Detector cir-
cuitry is functioning normally. With a 250 kHz
input, and with the TRIGGER LEVEL control
properly adjusied, the signal at TP108 should
be a sguare wave swiitching symmaetrically
about ground. The actual levels will depend
on the input amplitude and the wave shape
can vary considerably according to the TRIG-
GER LEVEL setting. Transistors Q105A and



Q106A, together with their associated com-
ponents, constitute the Slope Detector. The
output of this circuit is monitcred at the col-
tector of Q105A, where the observed signal
should be a 500 mV pk-pk square wave with
its lower level at about —8 V. Q107A is the
output transistor. Its output is monitored at
P138, as described at the beginning of the
paragraph.

{(4) 1 the signal at P138 is as indicated above, re-
connect to P138 the wire removed earlier.
NOTE: If the Delay Range Ramp and Delay
Range Frame circuits are functioning proper-
ly, along with the Triggered Lamp Driver cir-
cuit, the TRIGGERED lamp will commence to
glow when the wire is reconnected. These cir-
cuits are specifically checked in later steps.

6.4F DELAY RANGE FRAME AND DELAY RANGE
RAMP GENERATOR CIRCUITS

The underiying assumption at this point is that the

power supply and trigger circuits have given nor-

mal indications.

(1) With the 250 kHz trigger signal still applied,
monitor the signai at TP207. The observed
signal should be a 250 kHz square wave
switching between nominally —0.6 V and
+3V. There should be a positive-going
100 ns wide pedestal with an amptlitude of
0.2V 10 0.3 V located about one microsecond
after the negative-going transition of the
square wave. This “pedestal’” marks the
100 ns trigger holdoff that takes place at the
end of the Aperture Delay Range to allow the
Aperture Delay Frame circuits time to reset. If
the trigger input waveform were such as to
cause this holdoff to be located on the upper
level of the TP207 waveform, it would appear
as a 100 ns wide “notch” having its iower
level at nominally.-0.3 V.

{2) Monitor the signal at TP203. With the Aper-
ture Delay Range controls set 1o 1 uSEC, one
shouid observe a logic 1 (nominally +3.5 V)
pedestal. It should begin coincident with the
negative-going edge at TP207, and end (return
to nominally 0 V) after 1 s plus a few percent.
If this signal is as indicated, one can assume
that several inter-related circuits, all schem-
atically portrayed on page VII-11, are working
normally. They are: (i) the two gates of U204
that are arranged in a flip-flop configuration
and which have the Delay Range Frame (in-
verted) as their output {pin 12 of U204), (ii} the
Ramp Generator Reset circuit, Q205-Q208, (iii)
the Ramping Current Control circuit, Q202
and Q204, (iv} the Ramping Current Source,
U201, Q203 and Q201, (v) the Ramp Buffer, the
circuitry between TP201 and TP204, (vi) the
End-of-Ramp Detect circuit, G215, Q216 and
Q217, and {vii) the Trigger Holdo#f circuit,
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Q218 and Q212. Troubles in any of these cir-
cuits could prevent the signat at TP203 from
being as indicated. If the signatl is not as in-
dicated, the following hints and discussion of
how these circuits function may prove helpfui
in further isolating the problem.

(@} The control loop begins and ends with the
U204 flip-flop. Prior to a trigger being re-
ceived (negative transition coupled
through C222), pin 6 will be down and pin
12 up. Pins 3, 4 and 5 should all be up.
Pins 1 and 2 should be down, and pin 13
up. If these quiescent conditions are not
as described, either U204 or one of the cir-
cuits affecting an input of the flip-flop is
defective. Note that the pin 13 input is
taken from the End-of-Ramp Detect cir-
cuit, Q215, Q216 and Q217. This circuit
monitors the Ramp Buffer Output (TP204).
Whenever the Buffer Output is more posi-
tive than about -6 V, the End-of-Ramp
Detect circuit’s output will be at logic 1.
Thus, in the quiescent state, one would
expect TP204 to be at 0 V, and, as a result,
pin 13 of U204 to be at logic 1.

The various Trigger Holdoff inputs all act
through Q212 to control the fiip-flop. Nor-
mally Q212 is not conducting. When it
does conduct, detected triggers (TP207)

_ are effectively shunted to ground by Q212
and there is no trigger input to the flip-
fiop. Because the trigger inputs are ac-
coupied through C222, a problem involv-
ing Q212 or one of its inputs would not af-
fect the initial dc state of the flip-flop, but .
would instead simply make it impossible
to trigger the flip-flop.

{b) The pin 12 flip-flop output is the earlier
discussed Delay Range Frame. Actually,
the compiement of the Delay Range
Frame is present at pin 12 and so is refer-
red to as DRF. When a negative transition
is detected at pin 3, the flip-flop reverses
state, i.e., pin 6 goes to logic 1 and pin 12
to togic 0. Pin 6 going positive turns Q206
off and Q205 on. When Q205 conducts,
dicdes CR201 and CR202 are biased off,
unclamping the ramping capacitor G213
{capacitor C214 is only “in” when the
Delay Range switch is set to “mSEC”). At
the same time, the U204 pin 12 signai
switches current sink Q202 off, allowing
the current suppled by Q203 to flow
through Q201 {0 the Integrating capacitor.
The current magnitude is a function of the
Aperture Delay Range switch setting.



{c) The ramping current causes a negative
ramp to develop across G213. The gain-of-
one Buffer between TP201 and TP204 buf-
fers the ramp, and drives the comparators,
cne for each channel. The ramp is also ap-
plied to the End-of-Ramp Detect circuit
(base of Q215).

{d) When the ramp reaches nominaily -8 V,
Q217 is biased into conduction, applying
a logic 0 to the pin 18 input of U204. The
logic 0 at pin 13 reverses the state of the
flip-flop. Immediately Q205 stops con-
ducting, clamping the Buffer input to 0 V.
The Buffer output snaps back to 0 V {the
ramp resets), and a logic 1 appears again
at the pin 13 input of U204. Note that the
pin 13 logic O is transient, lasting but a
few nanoseconds. The logic 0 does not
begin until the ramp reaches the voltage
required {0 activate the End-of-Ramp
Detect circuit. H ends as soon as the

. ramp-reset begins. Note also that as soon
as the flip-flop resumes the quiescent
state, Q202 switches on to sink the ramp-
ing current.

{3) Assuming the signal at TP203 is as indicated,

that is, a logic 1 with a duration of justovera

microsecond and having a repetition rate of
250 kHz, switch the Digital Storage switch (in-
ner knob of FUNCTION switch) to the ON
position. (The function to be checked does
not depend on a digital storage circuit board
being installed.) The repetition rate of the ob-
served pulses will decrease to about 1 kHz, in-
 dicating that the ENCODE generator, U213
(schematic on page VIi-13} is working proper-
ly, as is the ENCODE Trigger Hoidoff circuit
(R260 input to Q212). If the indicated behavior
is observed, turn the Digital Storage OFF
before proceeding.

{4) Monitor the signal at pin 8 of U205, the output

of the Trigger Holdoff Monostable. One
should observe 100 ns logic 1 puises at a
250 kHz repetition rate. In External Trigger
operation, these pulses are applied to the
R268 input of Q212 to render the U204 flip-flop
trigger insensitive long enough for the Delay
Range Ramp to fully reset,

{5) Set the Delay Bange to 1 mSEC. The duration

of the logic 1 pulses at pin B of U205 will in-
crease to 100 us as a result of capacitor C220
being switched into the monostable time-
constant circuitry. The interval between
pulses will increase to 1 ms; the output of
Q217 acting through pin 13 of U204 keeps the

flip-flop trigger insensitive until the end of the -

ramp (1 ms} in progress.
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{6) If the indicated behavior was observed in all

of the preceding checks, one can assume that
the Delay Range Frame and Ramp Generator
circuits are working correctly. There are some
additional checks that could be made. One
could monitor TP204 to be sure there are no
oscillations or noise superimposed on the
ramp. Also, one could run through all possi-
bie Delay Range settings (other than SEPC) to
ascertain that there is no problem with a
specific setting. If such a problem is observ-
ed, check the switched component(s) asso-
ciated with the switch position in question.
One further point, if all checks to this point
are positive, but the TRIGGERED iamp does
not glow, the probiem is most likely with the
TRIGGERED lamp itself, or with the asso-
ciated drive circuit (U203, page VII-11) which
is triggered by the negative (leading) edge of
the Delay Range Frame (inverted) coupled
through €216 to pin 2 of U203.

6.4G DELAY RANGE RAMP COMPARATORS

AND ASSOCIATED GATES

{1) Set the Delay Range back to 1 xSEC (leave

trigger input frequency at 250 kHz).

(2) Referring to the schematic on page VH-13,

note the Comparator circuit in the upper right-
hand corner. There are actually two such cir-
cuits, one for each channel. Because they are
identical, only one is shown on the schem-
atic. Each component has two component
numbers, one applying to the Channel A Com-
parator circuit, the other to the Channel B
Comparator.

In any case, monitor the signal at TP212, the
output of the Channel A Comparator. Cne
should observe a logle 0 “pulse” (baseline at
nominally +3.5 V) at 250 kMz and having a
duration of nominally 0.9 us (% Initiai Delay
dial set to 10%). If the dial setting is made
higher, the duration of the logic 0 will become
shorter, linearly tracking the dial setting. With
the dial fully clockwise, the logic 0 portions of
the displayed waveform will be reduced to a
couple tenths of a microsecond. Note that if
the dial is rotated fully counterclockwise, the
circuit may stop working altogether, in which
case the voltage at TP212 would simply re-
main at the upper level.

It may prove convenient to trigger the oscillo-
scope with the positive going edge of the
Delay Range Frame (available at TP203), With
the oscilloscope triggered in this manner,
cne could observe that, whereas the position
of the TP212 signal's leading (negative going)
edge varies directly with the setting of the %



Initial Delay dial, the position of the trailing
edge remains fixed and coincident with the
trailing (negative going) edge of the Delay
Range Frame.

(3) Transfer the oscilloscope to TP213, the out-

put of the Channel B Comparator. The be-
havior should be exactly the same as for the
Channe! A Comparator described in the pre-
ceding step, except that in this case the % in-
itial Detay B dial will control the signal. When
the checks are completed, leave both delay
dials set to 50%.

{4} With the oscilloscope triggered from the lead-

ing edge of the Delay Range Frame (positive
going edge of the TP203 signal), monitor the
signal at pin 10 of U206. (NOTE: TP205, a test
point, should be in. common with pin 10 of
U2086. If it is, use it as the monitor point. In
some units TP205 is returned to pin 13 of
U206 and so cannot be used to check the
signal of interest) The observed signal
shoutd be a positive spike a few nanoseconds
in width and located at about 0.5 ps with
respect to the teading edge of the Deiay
Range Frame. This puise can be positioned
anywhere on the Delay Range Frame {except
for the first few % where the Comparators
may stop working) by means of the % Iinitial
Delay dial. This puise is the actual trigger sup-
plied to whatever Processor Module is in the
Channel A position. If the signal is as indi-
cated, one can assume that the Channel A
Post-Comparator Trigger circuit (one gate of
U205 and one of U206) is working properly.

(5) Transfer the oscilloscope to TP206. The

signal should be the same as at pin 10 of
U206, except that in this case the % Initial
Deiay B dial will determine the pulse position.
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(&) Cn the lower board, monitor the signal at
TP105, the output of the Scan Ramp Gener-
ator. (NOTE: 100" series components are
located on the lower board.) The observed
signal should be a negative-going repetitive
ramp referenced to 0 V and reaching about
- 5.5 V. lts duration should be about 10 ms.
This same signal should be available at the
rear-panel SCAN IN/OQUT connector but with
opposite polarity. If these signals are absent
or improper, proceed to SCAN FAULT
ANALYSIS,

Note that one could try setting the SCAN
TIME to other positions. The duration of the
observed ramp should always exceed that
selected by a few percent. It will prove im-
practical to check the longer scan times in

This completes the checks of the Delay Range
- Ramp Comparators and of the Post-Comparator
Trigger circuits. Figure VI-2, a timing diagram for
the circuits discussed so far, may prove heipful in
isolating the malfunctioning circuit.

6.4H SCAN-RAMP GENERATOR AND ASSO-
CIATED CIRCUITS

Procedure

(1) Set the Scan Time to 0.01 SEC and CAL. The
“A” Scan Select pushbutton shouild be de-
pressed and all of the other Scan pushbut-
ions released. The signal previously applied
to the Trigger Input connector should be dis-
connected and all of the Trigger pushbuttons
except EXT should be in the released posi-
tion. The % Initial Delay A dial shouid be fully
counterclockwise.

this manner. However, one can still monitor
the ramping rate for some arbitrarily selécted
time. In any case, any problems associated -
with a specific scan time almost certainly in-
volved one of the integrator components
{R110 through R113, and C103 or C104) or the
Scan Time switch itself. L.eave the Scan Time
set to 10 mSEC and CAL.

(3) Transfer the oscilloscope to TP1086, the out-

put of the Channet A Summing Amplifier
{sums scan ramp with dialed deiay voltage).
The observed signal should be a zero-based,
repetitive, positive-going ramp with a peak
amplitude of nominally +55 V. :

(4) Begin rotating the % Initial Delay A dial

clockwise. As the dial is turned, the baseline
of the observed ramp will rise {be sure scope
is dc coupled) and the duration of the ramps



will become shorter. At 100% delay, the ramp
will be reduced to but a few percent of its in-
itial vaiue. Leave the % Initial Delay A dial set
fully counterclockwise.

Next reiease the Scan “A” pushbutton, de-
press the Scan "B’ pushbutton, and, while
monitoring TP108 with the oscilloscope,
observe the effect of adjusting the % Initial
Detay B dial. If proper behavior is observed for
one channel but not for the other, the problem
is most likely with U105 (Channel A Summing
Amplifier) or U106 (Channel B Summing
Amplifier), whichever is appropriate. Leave
the controls set for Channel A operation
(Scan "A” depressed, “B’ released, both %
Initial Delay dials fully counterciockwise).

{6) While monitoring TP108, press in the SINGLE

pushbutton. The ramp in progress when the
pushbutton is activated will go to completion,
and the TP106 voltage will remain at the final
ramp level reached.

(6) Reiease the SINGLE pushbutton. Repetitive

ramping will take place again. Increase the
selected Scan Time to 10 SEC and CAL. When
a given ramp in progress is at about the mid-
way point, depress the HOLD pushbution.
The voitage at TP106 should “hold" at the
level reached when the pushbutton was de-
pressed. At some convenient time, reiease
the pushbutton. The scan will go to comple-
tion and successive scans will follow one
another in the usual way,

(7) With the Scan Time still set to 10 SEC,

depress the SINGLE pushbutton. The ramp in
progress should go to completion and the
TP106 voltage should remain at the maximum
ramp level. At'some convenient time, depress
and hoid down the Scan RESET pushbutton.
The TP106 voltage will instantly go to 0 V and
remain there for as long as the RESET push-
button is held down. When the button is re-
leased, a new ramp will begin.

{8) Release the SINGLE pushbutton. Then locate

relay K100. The relay should give an audible
click at ten-second intervals. Contacis of this
relay are used to achieve pen-lift commands
(Table IV-1). Leave the Scan Time set to 0.01
SEC and CAL.

(9) Monitor the signal at the collector of Q108.

This is the Scope-Blanking signal. For the
duration of the scan ramp, the level at the col-
lector of Q108 will be at nominally + 50 V. At
the end of each ramp, there is a momentary
reset to nominally ¢ V. The complement of
this signal is available at the collector of
Q107. '
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Scan Fault Analysis

(see Figure Vi-3 for Scan Timing)

The preceding checks exercise most of the Scan
Control circuits, and one can be reasonably confi-
dent that if the indicated results were obtained,
the Scan Circuits are functioning normally. if in-
correct indications were noted, further trouble-
shooting to narrow the problem down to the
specific malfunctioning circuit may be advised.
Note that the Scan and Scan GContro! ¢ircuits are
operated in a ¢losed dc loop, which tends to make
troubieshooting difficult. The following brief
description of the circuit functions and their inter-
relationships may prove hetpful.

(1) The actual Ramp Generator consists of U101
and its associated components. The gener-
ator output is at the emitter of Q106. Note that
there are two integration capacitors, G104
{(always in the circuit) and C103 (*in” for the
four longest scan times only). The ramping
current is given by E/R, where R is the inte-
grating resistor (R110, R111, R112, or R113,
whichever is switched in), and E is the voltage
applied to the integrating resistor. When
Q103 conducts, ramping current is available.
When Q103 does not conduct, no ramping
current is supplied. Transistor Q102 acts as a
shunt switch, conducting oniy when the ramp
is reset, When Q102 conducts, it shorts out
and discharges the integrating capacitor(s).
When a ramp is in progress, Q102 is held in
the non-conducting stiate.

{2) The output of the Ramp Generator is buffered
by U104 and made avaiiable at the rear-panel
SCAN IN/OUT connector. it is also routed
through contacts of the A SCAN and B SCAN
switches to Summing Amplifiers U105 and
U106. At U105 it is summed with the dialed %
Initial Delay B voltage. The Summing Ampli-
fiers in turn drive the rear-panel CH A SCAN
and CH B SCAN connectors. They aiso drive,
via diodes CR111 and CR113, U103, the End-
of-Scan Detect Comparator,
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{(3) There are two critical comparators. They are

the End-of-Ramp Detect Comparator, U103,
and the Start-of-Ramp Comparator, U102.
Both control the Scan Generator via the flip-
flop comprising two gates of U108. The Start
Comparator Qutput is up whenever a ramp is
more than a few millivolts off its baseling,
that is, its output is up aimost the whole time

a ramp is in progress. Only when the ramp is’

reset, or just getting underway, is the output
of the Start Comparator down,

The End-of-Ramp Comparator monitors the
sum voeltage. When the scan voltage plus dial-
ed delay of either channel reaches 100%, the
output of the End-of-Ramp Comparator
switches from logic 1 to logic 0. This action
initiates a reset and the ramp voltage begins
to fall. it need fall only a few millivolts to
switch the End-of-Ramp Comparator back to
its original state, that is, with the output at
logic 1.

(4) The U108 flip-flop has two outputs, one at pin

3 and the other at pin 8. The pin 3 output acts
through two gates to drive the base of Q105.
This transistor in turn acts through Q104 to
determine whether ramping current will be
available. When U108-3 is up, Q103 conducts
and ramping current is available. At the same
time, U108-8 (down when Q108-3 is up) acts
through a gate of U109 to control Q101 to the
effect that Q102 is held non-conducting,
allowing a ramp to be generated.

Note that the pin 3 output has two secondary
functions as well. It acts through a gate of
U110 to control the Blanking Signal circuitry,
and it acts through a second gate of U110 to
actuate the Pen Lift relay on the four sloweast
ramp speeds.

(5) Assume a ramp is in progress. The outputs of

both U102 and U103 will be up. Pin 3 of the
U108 flip-flop will be up and pin 8 down. (This
state was established by a previous logic 0 at
pin 2 of U108.) The pin 3 output being up will
force Q103 to conduct (a necessary condition
for a ramp to be in progress). The pin 8 output
wiil force Q102 out of conduction {another
necessary condition for a ramp to be in pro-
gress, that is, the integrator cannot be in a
state of reset), The ramp progresses until the
sum volitage applied to U103 reaches about
+55 V, or, otherwise expressed, until the
delay reaches 100%. When that happens, the
output of U103 goes to logic 0, and the U108
flip-flop reverses state. Pin 3 of U108 goes to
logic 0, switching Q103 off and withholding
ramping current. Pin 8 of U108 goes to logic 1,
switching Q102 on and resetting the ramp.
The instant the ramp voliage begins to drop,
U103 reverses its output again. However, this
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action does not reverse the U108 flip-flop, and
the ramp voltage continues down to 0. When
it reaches within a few millivolis of zero, the
output of U102 goes to logic 0. This action
does reverse the state of the U108 flip-flop,
that is, pin 3 goes again to logic 1 (ramping
current is again supplied) and pin 8 goes to
logic 0 (reset is terminated). A new ramp
begins. As soon as the ramp rises a few milii-
volts, the output of U102 switches back to
logic 1, but this transition has no effect on the
U108 flip-flop. (Only a logic 0 applied to one
input or the other causes a state reversal.)
This completes the basic cycle, and it will re-
peat indefinitely as long as either the “A” or
“B" {or both) pushbutton is depressed. These
basic timing relationships are illustrated in
Figure VI-3.

{8) There are some secondary scan functions

that might alsc be considered. Note that there
is another flip-flop comprising two gates of
UJ109. This flip-flop affects the Reset circuitry
only. Normally {ramp circuits not in reset
state) the pin 10 output of this flip-flop is at
logic 1 and the pin 13 output is at iogic . Only
the pin 10 ocutput is used and it is connectled
to pin 4 of U108, the output of the Reset Gate.
This gate’s cutput is also at logic 1 when the
integrator is not in the reset state. If either
U109-4 or U109-10 go to logic 0, Q102 is bias-
ed into conduction and the ramp generator
resets. As explained previously, the U108 flip-
flop initiates an automatic reset at the end of
each ramp. (Note that if the Scan SINGLE
pushbutton is depressed, the reset command
is not applied to the Reset gate (U109-4-5-8},
and no auto-reset cccurs. Reset via the U109
flip-flop can be initiated either by depressing
the front-panel SCAN RESET pushbutton, or
by applying a logic 0 to the proper pin of the
rear-pane! Interface Connector, P101. Either
action causes a logic 0 pulse to be generated
by the monostable consisting of two gates of
U407. This monostable causes the U109 flip-
flop to change siate. When this happens,
Q102 is biased into conduction and the ramp
generator resets. Note that when the ramp is
reset, the output of U102 goes to logic 0. This
logic 0 serves to reset the U108 flip-flop back
to its original state as soon as the Scan Reset
pushbutton is released (or the external com-
mand ends). Note that the end of the mono-
stable output pulse does not reverse the flip-
flop state. By controlling the reset of the fiip-
flop via U108-13, the reset can be maintained
for as long as the Scan RESET pushbutionis
depressed.

The Scan HOLD pushbutton ($114) works
through a gate of U109 to switch off the ramp-
ing current when the pushbutton is depress-
ed. Ramping current is withheld foras long as
the pushbution is heid down,



This completes the description of the Scan Con-
trol circuitry. Although some of the finer poinis
have not been discussed in detail, the information
provided should be sufficient for someone experi-
enced in solid-state logic circuitry to isolate a
malfunctioning circuit.

6.41 MAINFRAME SIGNAL PROCESSING

Introduction

The mainframe signal processing circuits are
straightforward, consisting of four integrated-
circuit operational amplifiers and their associated
components. In addition to these amplifiers, the
only other active circuit is the transistor pair
Q101A-Q102A that drives the OPTION light when
an improper option selection has been made. With
a bhasic understanding of how the mainframe
signal processing circuits work, the experienced
troubleshooter should have no difficulty, using
the available test points and externally derived
signals, devising simple checks that will quickly
enable identification of the malfunctioning cir
cuit. A brief description of the mainframe signal
procgssing circuits follows, The signal-process-
ing options are discussed in Subsection 6.5. The
digital-storage option is discussed in Subsection
6.8.

Function Switch and U101A

The first active circuit is differential amplifier
U101A. The FUNCTION switch determines the
manner in which the Processor Module andfor op-
tion outputs are applied to this amplifier. Note
from the schematic on page Vil-16 that there are
three switch sections. The upper section deter-
mines which signal is applied to the inverting in-
put of the amplifier. The middle section deter
mines which signal is applied to the non-inverting

applied to the non-inverting input, and U101A acis
as a true differential amplifier. The gain is one
from the output of either Processor Module to the
output of L01A,

Two transistors, Q101A and Q102A, can supply
current to the OPTIONS light. When no option-
selection fauit is present, the base of both of
these transistors is returned to ground and the
transistors are biased into cutoff. The return to
ground for Q101A is through contacts of the Func-
tion switch and from there through a circuit on the
option card. If a given option is selected with the
option card plugged into either of the option
board connectors, the ground path is compieted.
Q101A is biased off, and the OPTIONS light re-
ceives no current. f the option card is missing,
the ground path will glow. Q102A works in con-
junction with the Digital Storage selection switch
and the Digital Storage circuitry in a similar man-
ner. If digital storage is not selected, ground is
supplied to Q102A via 51020, biasing the transis-
tor off. If digital storage is selected, the ground
path will only be completed if the digital storage
board is plugged in. If it is not, Q102A will be bias-
ed into conduction via R114A and the OPTIONS
light will glow.

Time Constant and Output Circuits

U102A and U103A work together to provide the
mainframe time constant function and aiso the re-
maining sysiem gain. To see how this circuit
works, assume a step-function voltage, E; is
made available at the output of U101A. Initially,
pin 3 of U102A will be at ground potential {retum

. through R118A and R119A) and pin 2 of U102A will

input, and the lower section controls Q101A, one .

of the two transistors that suppiies current to the
OPTIONS panel light. Note that the non-inverting
input of the ampiifier is returned to ground for all
positions of the FUNCTION switch except A - B.
The seiected signal is applied to the inverting in-
put by the switch for all positions. In the “A” posi-
tion, the output of Processor Module A is applied
to the inverting input. In the “B” position, the out-
put of Processor Module B is applied to the invert-
ing input. In the “A - B” position, the output of the
Processor Module A is applied to the inverting in-
put and the output of Processor Module B is ap-
plied to the non-inverting input. In the option posi-
tions, the output of the selected option module is
connecied to the inverting input. In other words,
for all but the A—-B position of the Function
switeh, the selected function is applied to the in-
verting input and U101A acts as a simple inverting
buffer amplifier with a gain-of-one. In the A-B
pesition, A is applied o the inverting input, B is
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be at virtual ground (feedback/gain network’
R105A-R104A). Assuming E; is positive, the output
of U102A will go negative in response, and this
negative potential will be applied to U103A
through one of the time constant resistors. U103A
is connected as an integrator (C103A, C102A, or
both provide the integrating capacitance, accord-

-ing to the selected time constant), The output of

U103A then moves positively in response to the in-
put step function. However, the rate at which it
moves is determined by the selected time con-
stant. As the output of U103A rises, this positive
voltage is fed back through R121A to the pin 3 in-
put of U102A. The voltage at pin 3 of U102A,
following the RC charging curve, then rises
asymptotically towards E;, the step function level
applied. After five time constants, the voltage at
pin 3 of U102A will be within one percent of E,, the
output of U102A will be O V (as the pin 3 voltage
rises towards E;, the net differential input to
U102A goes to zero). No more current wiill be
available to integrator U103A, and the output of
U103A will hold at the voltage reached. The values
of R121A, R118A, and R119A are such that for a
given input E,, the volitage at the output of U103A
will asymptotically approach (settle at) 10 E,.
Because the output of U103A is identically the f(t)



OUTPUT, the overall gain of the mainframe signal
processing circuits is ten (inverting due to UT01A).
Recalling that the Processor Modules are them-
selves inverting, the inversion provided by U101A
causes the overall system [processong module In-
put to f(t) Output] to be non-inverting.

Understand that at equilibrium, that is, five time
constants or longer after applying a voitage to
U101A, the output of U102A will be 0 V. In other
words, the output of U102A is proportional to the
rate of change of the processor module output.
This pseudo-derivative signal is applied to U104A,
a non-inverting amplifier that provides the f(t)
QUTPUT as given in the specifications. The fac-
‘tory set value for the gain (k) is 5/7, or nominally
x 1.6,

6.5 SIGNAL PROCESSING OPTIONS

6.5A INTROGDUCTION

The circuits for the various signal-processing op-
tions are interposed between the outputs of the
Processor Modules and the mainframe signal-pro-
cessing circuits discussed in Subsection 6.4. The
Processor Module A and Processor Module B out-
puts are applied to the selected option circuit,
which then performs the selected function. The
option output {always single ended) is then ap-
plied to the inverting input of U101A via the FUNC-
TION switch as previously described. A brief dis-
cussion of each of the modules follows. The Digi-
tal Storage Option is not involved in signal pro-
cessing and so is discussed separately in Subsec-
tion 6.8.

6.5B PRODUCT OPTICN (162/95)

This option gives the choice of A x B or A/B opera-
tion as seiected by a siide switch on the option
board. Referring to the schematic on page VII-19,
note that the product option consists principally
of muitiptier module U9504 and its associated
components. The product of the signal applied to
the X; and Y, inputs appears at the output of the
multiplier and is applied to one input of the differ-
ential amplifier, The other input of the differential
amplifier is returned to Z,. V, is the designation for
the differential amplifier output.

In multiplier operation, the B Processor Module
output is applied to X,. The multiplier output,
A x B, is applied to one input of the following dif-
ferential amplifier (this amplifier is internal to the
muitiplier integrated circuit). Feedback through
R9526, R9525, and R9524 interconnects the ampii-
fier's output and “free” input, thereby setting the
gain to the specified level (see specifications for
transfer function). Amplifier U9503 acts as a sim-
ple output buffer.

Operation in the ratio mode is more complex. In
this mode, only the B Processor Module output is

applied to one of the muitiplier inputs (X). The A
Processor module output is applied to the “free”

* input of the differential amplifier. In other words,
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the differential amplifier has as one input the
multiplier output signal, and for the other input
the output of the A Processor Module. Because of
the feedback from the output of the differential
amplifier back to the Y, multiptier input, the output
of the differential amplifier will adjust its output
(the feedback signal) to whatever value is neces-
sary to make the XY, product equal to A, In other
words, XY, will be made to equal A, and because
X, is known to be the output of the B Processor
Module, X,Y,= A can be written as BY, = A. Solving
for Y, the output, one obtains Y,= A/B. As before,
U9503 acts as an output buffer. Integrated circuit
U950 and its associated components function as
an absolute value circuit, that is, its output is the
same polarity for both polarities of applied input.
Thus the multiplier does not work directly on the B
Processor Module output, but rather on the ab-
sclute value of the B Processor Module output.
This absolute value relationship is indicated in the
transfer function (see specifications). U9502 acts
as a buffer between the absolute value circuit and
the X; multiplier input.

6.5C LGG RATIO OPTION (162/96)

This circuit takes advantage of a diode character-
istic, namely, that each successive decade of
change in diode current provides the same
number of mV change in diode voltage. in other
words, the current and voltage are related logarith-
mically. Note from the schematic on page VH-23
that two transistors connected as series diodes
are connected between the input and output of
integrated-circuit amplifier U9604. As a result of
this diode feedback, the output voltage of U9604
varies as the log of the input current. The transfer
function for U9604 is nominally 140 mV/decade. A
1 kHz oscillator controlling Q8601 and Q9602
alternately connects to the output of one Proces-
sor Module and then the other to the input of the
log element (U9604). As a result, providing the two
processor module ouiputs are not the same, a
1 KHz square wave is developed at the ocutput of
Q9604. The peak-to-peak amplitude of this square
wave is proportional to the ratio of A/B. Note that
both the A Processor Module output and the B
Processor Module output are first routed through
absolute value circuits so that the polarity applied
to the iog element is always positive. The absolute
value of the U304 cutput is of no consequence.
The ratio information is carrled In the peak-to-peak
tevel, which would be the same for inputs of 10 V
and 1 V as it would be for inputs of 1 V and
100 mV. The common mode dc level would shift
for the two examples of course, but woulid have no
effect on the final output voltage.

This square wave is applied to an ac amplifier
(U9605) that provides a gain of five. An associated
dc restorer subtracts out the common mode dc



compenent, that is, the output of U9605 is a zero-
referenced positive sguare wave, The amplitude of
this square wave is five times the pk-pk amplitude
at the output of the log element. US603 and Q9603
form a simpie half-wave demodulator, also driven
by the 1 kHz clock, that provides the final dc
voltage out. The gain is variable to compensate for
differences in the log transfer function of the log
diodes from one unit to ancther. The overall
transfer function for the option is given in the
specifications.

It may be Iinstructive to take a closer jook at the
baseline restoration circuit. Assume that the A
and B switching levels at the output of US604 are
0.265 V and 0.845 V respectively. In other words,
the signal at the output of U9604 is a square wave
with a pk-pk amplitude of 280 mV (0.545 V — 0.265
V=10.280 V). This signal is applied to ac amplifier
Ug605. During the B part of the cycle, that is, for
that part of the cycle in which Q9602 conducts
and for which the U8604 output is 0.545 V, Q9604
also conducts, connecting the output of U9605 to
integrator U96086. Equilibrium is achieved when
the output of U8606 is the same as the applied
voltage (0.545 V). At that point, the output of US605
will be zerc. When the ¢rossover to the A part of
the cycle takes place, Q9604 cuts off. However,
the “B" voltage across C2606 remains, referenc-
ing amplifier U9606 to 0.545 V and not {o ground.
Thus the amplifier sees the A fevel (0.265 V) with
respect to 0.545 V and not with respect to ground.
As a result, during the A part of the cycle, the cut-
put of U96B05 goes to five times the difference
potential, and not to five times the potential with
respect to ground. In effect, the common mode
component has been removed; the US605 output
is a zero-referenced square wave proportional in
amplitude to the pk-pk amplitude of the applied
signal.

- 8.50 RATIO CPTION (162/97)

Introduction

The Ratio Option circuit is schematically depicted
on page VIH-21. Referring to the schematlc, note
that a unijunction transistor, Q9701, is used in
conjunction with an octal counter/decoder to pro-
vide the three-phase clock that controis the re-
maining ratio-option circuitry. Because the circuit
operation is different for each of the three succes-
sive clock states, each is discussed separately.

Phase B

The nature of the operating cycle is such that the
operation is most easily understood by consider-
ing the B portion of the cycle first. During “B”, the
output of the B Processor Module is applied to
amplifier U9702 via the B channel of the input
muitiplexer, U9701. The gain of this stage, as
established by the ratio of RY706 tc RE702, is
nominally x 1.2 {inverting). Thus the amplified B
signal is applied to the X input of the multiplier,

VI-16

L8703, The multiplier is followed by two inte-
grated-circuit amplifiers, the second of which is
referenced to the output of dc restorer US705. The
dc restorer is active only during the C part of the
cycle, and for the purpose of this discussion, iis
output (identically the non-inverting input to
U8702) can be considered to be ground, :

Note that the U8702 output is applied to an abso-
lute value circuit, U9708 and its associated com-
ponenis. The absolute value circuit output is a
positive current that is summed with the 140 uA
negative current supplied through R%745 and
R97561. The difference current is appiied to inte-
grator UY705, which in turn drives the Y input of
the muitiptier. The feedback is negative in the
sense that the loop comes to equilibrium when
the L9702 output voltage reaches nominally 1.4V
{either polarity). At that point the current supplied
by the absolute vaiue circuit will exactly cancel
that suppiied by R9745 and R9761, at which point
there will be no input current to integrator U9705.
With no current applied to its input, the output of
Ug705 will “hold”, The actual US705 output volt-
age will depend on the magnitude of the B voltage
at the multiplexer X input. The icop sets the Y
voltage at that level which, when multiplied by the
8 voltage at the X input, gives 1.4 V at the output
of U8702. In other words, the product is constant,
and this can only be so if the voltage developed at
the Y input is the reciprocal of the amplified B
voltage at the X input.

To summarize, during the B part of the cycle, the
voitage at the Y input of the multiplier goes 1o 1/B,
where the “B” in this case is the amplified ouiput
of the B Processor Module. There is no other ac-
tion during the B part of the cycle. The demod-
ulater, U9708-U9708, is not active during the B part
of the cycle, and the option output voltage simply
hoids at whatever voitage it may be at.

Phase C

During the C part of the cycle, the input multi-
plexer applies ground to the X input of the multi-
plier. 1/B continues o be applied to the Y input be-,
cause input current to integrator U9705 is only
available during the B part of the cycie. Thus the
integrator output continues to “hold” at the 1/B
favel. The multiplier gutput then has 1/B applied to
one input and zero ito the other. The product
should be zero, and the voltage at the output of
Ug702 shouid go to zero as well. Note that integra-
tor Y9705 (dc restorer integrator section and not
the Y input integrator section} is switched on dur-
ing the C part of the cycle only. If there is any d¢
offset .at the output of U9702, dc restorer in-
tegrator current will be applied through R9725. As
aresult, the do restorer integrator output wili ramp
in the direction necessary to reduce the current.
The net effect is that, during the C part of the cy-
cle, the output of U9702 goes to 0 V, independent



of any dc offsets in the preceding circuits. More-
over, because the required correction voitage
“holds’ at the integrator output when the C part of
the cycle ends, the offset correction will remain
as well. This active compensation tracks any
changes in offset that occur with time or tempera-
ture,

A Phase

During the A Phase, the input muitiplexer applies
the output of the A Processor Module to the X in-
put of U9703. 1/B continues to be applied to the Y
input. With A applied to one input, and 1/B applied
to the other, the multiplier develops an output
voltage proportional to A/B. Thus a voltage propor-
tional to A/B is available at the output of U8702
during the A part of the cycle. This voliage is
demodulated by U9706-U9708, buffered by Ug704,
and made available at the output. The option out-
put then only changes during the A portion of
each cycle. It is because 1/B is developed during
the B part of the cycle that A/B can be provided
during the A part of the cycle.

Note that the gain of the output demodulator is
about seven, as established by the ratio of R9755
plus R9752 to RI759.

6.6 MODEL 163 TROUBLESHOOTING
The basic premise is that proper operation of the
mainframe has been established.

6.6A PRELIMINARY STEPS
(1) With the mainframe power off, mount the two
Processor Module Extender Cards {6020-0093
and 6020-0098) into the Channe! A mainframe
slot.

{2) Note that there are two Mode! 163 circuit
boards. The smaller of these, the Logic board,
must be lowered to gain access to test points
on both boards. If the screws that secure the
lower raii are loosened, the board can easily
be rotated down, making the test points on
both boards readily accessible. Once the
Model 163 is in position with the Logic board

fully lowered, the screws that secure the:

lower rail can be tightened, alfowing the
Logic board to help support the Mode! 163,

(3) Plug the Mode! 163 into the two exiender
cards installed in step 1. Note that the Sam-
pling Head should not be installed at this
time. (With the Sampling Head not installed,
the Overioad light will glow continuousiy.)

(4) Turn the mainframe power on.

6.6B +5V REGULATOR CHECK

The +5 V power used in the Model 163 is estab-
lished by an integrated-circuit regulator on the
Logic board. This voitage is most easily checked
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at the positive end of capacitor 3225, | the mea-
sured voltage is nominally + 5V, one can assume
that the Model 163 + 5V reguiator, U3204, is func-
tioning property.

6.6C LOGIC CIRCUITS (see Figure Vi-4 for
timing relationships)
(1) Set the mainframe controls as follows,

Aperture Delay
% Initial A: 50%
% Initial B: 50%
Range: 10 us
Trigger Mode: EXT (other pushbuttons re-
ieased)
Scan Select: EXT and A (other pushbuttons
released).
Aperture Duration: setting immaterial
Scan Time: t SEC and CAL
Function: A (digital storage OFF)
Mainframe Time Constant: 0.1 mSEC and CAL

{2) Set the Mode! 163 controls as follows.

Baseline Sample Delay dial: fully counter-
clockwise, concentric pushbutton to be “in”

All other M163 controls: setting immaterial at
this time

(3) Delay Range Frame and M163 Trigger Holdoff
Checks

(a) Connect an external trigger source to the
mainframe TRIGGER INPUT connector.
The trigger frequency should be nominal-
ly 8 kHz. Adjust the TRIGGER LEVEL.con-
trol for proper mainframe triggering as in-
dicated by the TRIGGERED tamp.

Monitor the signal at TP3206 with the
oscilloscope. The signal should be the
Delay Range Frame complement, a togic 0
frame with a duration of nominally 10 us
and a repetition period of nominally
125 us.

Increase the trigger input frequency to
100 kHz. The frequency of the observed
signal will increase to about 10 kHz but no
more. If the indicated behavior is observ-
ed, one can conclude that the Trigger
Holdoff circuit is functioning normally, If
not, this circuit is malfunctioning. Note
from the schematic on page VII-3 that the
100 a5 holdoff pulse is generated by
U3206 working together with transistors
Q32098 through Q3212. The flip-flop Is
clocked on the traifling (positive going)
edge of the Delay Range Frame signal ap-
plied to pin 3 of U3205. It is reset after
nominally 100 us by the feedback signal
from the output of Q3212 to the Preset In-
~ put of the flip-flop. The Trigger Holdoff



pulse, a 100 us logic 0, is taken from the
cotlector of Q3210. This signal is fed back
to the mainframe to prevent the Model 162
from being triggered faster than 10 kHz
when operated in conjunction with a
Model 1868.

Reduce the input trigger rate to 8 kHz
again. For convenience in observing the
other M163 circuits, trigger the oscillo-
scope externally from the beginning
(negative going) edge of the sigpal at
TP32086.

(4) Baseline Channel Detector and Mode Inhibit-

ing

(@

(b)

()

Manitor the voltage level at U3202-13. A
fogic 0 level should be measured.

Rotate the M163 BASELINE SAMPLE
DELAY dial clockwise. As soon as the dial
is rotated a few degrees, the voltage at pin
13 of U3202 will switch to a logic 1. At the
same time, relay K3001, a reed relay lo-
cated on the M163 Signal board, will be
energized. An audible click can be heard
as the relay energizes. If the indicated ac-
tion is observed, the Baseline Channei
Detector, U3201, Q3206, and the two NOR
gates of U3203 that follow, are aill working
properiy.

Leave the BASELINE SAMPLE DELAY
control fully counterclockwise,

(5) Baseline/Signal Channel Alternator Checks

(@)

Monitor the voltage at pin 8 of U3206. The
tevel should be a steady logic 0. This logic
0 applied to pin 5 of Y3202 inhibits strob-
ing of the sampling head when the BASE-
LINE SAMPLE DELAY control is fuily
counterclockwise.

Monitor the voltage at pin 5 of U3210. The
{evel should be a steady logic 0. This logic
0 applied to pin 12 of U3202 inhibits the
Baseline Sampiing 0.5 us one shot, which
consists of two gates of U3202 (pins 1-2-3
and 11-12-13).

Moritor the level at pin 8 of U3205. There
should be a fogic 1 level at this point. This
logic 1 acts through the Baseline Feed-
back Switch Driver (schematic on page
VII-5) to bias shunt FET Q3025 into con-
duction and thereby prevent the voltage at
the Baseline Integrator output from being
applied to the Feedback Amplifier, U3003.
The logic 1 at pin 8 of U3205 is also ap-
plied to pin 13 of U3006, enabling the
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(i)

Signal Gate One Shot so that it can be
triggered by the output of the Trigger
Amplifier, Q3229-Q3230.

Monitor the signal at pin 8 of U32086. The
voltage at this point should be a logic 1.
This voltage, applied to pin 8 of U3005,
enables the Signal Strobe drive gate
{U3005, pins 8-8-10-11), allowing the Sam-
pling Head Strobe circuit to be triggered
by the output of the Trigger Amplifier
{Q3029-Q3030). The Sampting Head
Strobe circuit should be operating at
8 kHz.

Monitor the levei at pin 12 of U3205. A
logic 0 should be measured. This logic 0,
acting through the Signal Feedback
Switch Driver circuit, biases Q3024 off,
altowing the output of the Signai Channel
Integrator to reach the Feedback Ampli-
fier, .

Rotate the BASELINE SAMPLE DELAY
control clockwise about half a turn. Then
monitor the signal at pin 9 of U3206. The
observed signal should be a square wave
at 4 kHMz (trigger frequency is 8 kHz), in-
dicating that the alternator flip-flop {one
of the two flip-flops in the U3206 package)
is functioning properly.

Monitor pin 4 of U3203. The observed
signal should be a logic 0 pulse at B kHz,
with each logic 0 lasting 2 us. If these
signals are as indicated, the two Delay
Circuits U3208 and U3209, along with the
following gate of U3203, are all working

properly.

Monitor the signal at pin 8 of U3205. The
observed signal should be the same as
that at pin 8 of U3206 but delayed by 2 ps.

Monitor the signal at pin 12 of U3205. The
observed signal should be the same as
that at pin 0 of U32086, but delayed by 2 us.
If the signals at pins 8 and 12 of U3205 are
as indicated, the two flip-fiops of U3210,
together with the two following gates of
U3208, are working correctly to provide
the delayed signals that control the shunt
gates ahead of the Feedback Ampilifier.
By delaying 2 us, there is no possibility of
a “signal cutoff” if the sample position is
focated near the end of the Aperture Delay
Range. -

{6) One Shot Checks
(ay

Monitor the signal at the Model 163 GATE
QUT connector. Two gate puises should
be visible, each a hailf microsecond wide.
The position of one should be set by the
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BASELINE SAMPLE DELAY control (the
assumption is that the oscilloscope is
stitl being triggered from the leading edge
of the Delay Range Frame). The pulse will
disappear if the BASELINE SAMPLE
DELAY control is rotated fully counter-
clockwise. The position of the other pulse
is set by the Model 162 % Initial Delay A
dial.

‘If the Baseline Gate Pulse is as indicated,
one can assume that the Baseline Delay
Generator (schematic on page VIi-3) and
the following One Shot are workmg prop-
erly. If the Signal Gate Puise is as indi-
cated, one can assume that the Trigger
Ampliﬂer {schematic on page Vil-6) and
the following Signal Gate One Shot are
working properly.

Leave the BASELINE SAMPLE DELAY
control half a turn from the fuily counter-
clockwise position and leave the % Initial
Delay A dial set to 75%.

{7) Integrator Gate Drivers

(@) Connect the oscilloscope to the collector
of Q3019. The observed signal should be a
half-microsecond wide negative going
pulse with its baseline at +5 V and its
peak at —7.5 V. The pulse position rela-
tive to the leading edge of the Delay
Range Frame is set by the % Initial A dial.
Leave the dial set to 75%. If the signal is
as indicated, the Signal Integrator Gate

Driver circuit (schematic on page VIl-B) is

working properly.

Connect the oscilloscope to the collector
of Q3022. The observed signal should be
the same as that observed in the pre-
ceding step, except that in this case, the
pulse position is set by the BASELINE
SAMPLE DELAY dial. if the signal is as in-
dicated, the Baseline Integrator Gate
Driver is functioning normaily. Leave the
Baseline Sampie Delay control set about
haif a turn from the fully counterciock-
wise position.

(8) Feedback Switch Drivers

{a) Monitor the signal at TP3006. The observ-
ed signat should be a 4 KHz square wave
with its upper level at ground and its
tower level at - 13 V.

Transfer the signal to TP3009. The signal
should be the same as in the preceding
step but of opposite phase. If the signal in
these two steps is as indicated, the Feed-
back Switch Driver circulls (schematic on
page VIH-5) are functioning properly.
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6.60 SIGNAL PROCESSING CIRCUITS

Description

Each time the Sampling Head is strobed, a sample
is taken of E,. This sample passes thrcugh a
series of Model 163 amplifiers and is then applied
to the Signal Integrator or to the Baseline in-
tegrator, according to whether the sequence in
progress is a signalsampling seguence or a
baseline-sampling sequence, as described pre-
viously. During the half microsecond gating
period, the integrator output moves asymptotical-
ly towards — 10 E,./S (8 is the sensitivity 1, 0.25, or
0.1), following the RC charging curve at the rate
appropriate to the integrator time constant (set-
ting of SAMPLES AVERAGED switch). The inte-
grator output is routed through an output Buffer,
U3009, and is then made available at the front-
paneil QOUTPUT pin jack. The buffer output is aiso
routed to the mainframe signal processing cir-
cuits. The direct integrator output is additionally
applied to a Feedback Ampiifier. The output of
this amplifier is fed back to the Sampling Head for
comparison with E,. As the integrator output
asymptotically approaches — 10 E./S, the feed-
back voltage asymptotically approaches E,,. Equi-
fibrium is reached when the feedback voltage is
“exactly” En. At that point, the Sampling Head
output is zero (average value; a waveform out is
always visible), no more current is available to the
integrator, and the integrator output holds at the
proper level.

The net Model 163 gain measured from the Sam--
pling Head input to the QUTPUT pin jack is 1/Ass,
where Ag; is the attenuation of the feedback half
of the loop. The attenuation is set by the gain of
U3003 (always x 0.5) and by the attenuaior that
follows U3003. The attenuator is controlied by the
Sensitivity switch. With a Sensitivity setting of
1V, the attenuator reduces the U3003 output volt-
age to 1/5. With a sensitivity of 280 mV, the attenu-
ation is 1/20. With a sensitivity of 100 mV, it is
1/50. Mutltiplying the attenuator reduction by the
gain of U3003, the net feedback attenuation for
the three sensitivity settings is 1110, 1/40, and
1/100, giving net gains of x 10, x40, and x 100
respectively.

In Baseline Sampling operation, the output of first
one integrator and then the other is fed back on
alternate cycles so that the ioop always works on
the proper signal, allowing each integrator output
to asymptotically approach the proper voltage.

There is considerable gain provided in the forward
part of the loop as well. The Sampling Head out-
put is foliowed by a x 1/2 attenuator (R3004 and
R3014) and two amplifiers (each x31) having an
attenuator controlled by the Sensitivity switch In-
terposed between them. Forward loop gain hasno
effect on the Processor Module sensitivity. That
sensitivity is set by the feedback “gain” alone as



explained in the preceding paragraph. However,
forward gain does influence the response time of
the integrators, as does the feedback “gain” and

also the actual values of the integrating RC com-.

ponents. Forward gain makes the RC product look
smaller than it actually is. The more feedback that
is applied the smaller the RC product looks. As
the sensitivity is changed from 1 V to 250 mV, to
100 mV, the feedback is proportionally reduced
and the apparent RC product Is increased. This is
compensated for by increasing the gain in the for-
ward part of the icop to the same degree by means
of the attenuator interposed between the two am-
plifiers. The increasing forward gain makes the
RC product look smaller in the same amount as
the decreasing feedback makes it [ook bigger,
thereby keeping the gain around the entire loop
constant and making the integrator response time
independent of the selected sensitivity.

. Troubleshooting

With regard to troubleshooting the signal process-
ing circuits, only some very general suggestions
can be made. With the Sampling Head not instali-
ed, one can make some simple dc zero checks on
the amplifiers. Specifically, the voltage at the out-
put of each of the x 31 amplifiers should be zero.
The output of the feedback amplifier should be
zero if TP3012 and TP3013 are grounded. The out-
put of each of the integrators will drift up to one
limit or the other. (NOTE: With TP3012 and TP3013
grounded, the integrator outputs are tied to hard
ground.) Assuming TP3012 and TP3013 are not
grounded, the integrators can be checked by
pressing the front-panel CLEAR pushbution. As
fong as CLEAR is held in, the integrator outputs
should be at 0 V. At the same time, the front-panel
OUTPUT pin-jack voltage should be 0 V, giving a
check of the M163 output buffer amplifier.

If the indicated zero-check behavior is noted,
chances are there are no catastrophic failures in
the Model 163 Signal Processing circuits. The
next step would be to instail the Sampiing Head
and do signal tracing while performing the initial
checks from Section Il of the manual. If the
amplifiers are working properly, and the logic cir-
cults are working properly, the most likely com-
ponents to give trouble would be the gates, Q3013
and Q3023. Leakage in these gates, or in the Clear
FET’s, Q3014 and Q3026, could degrade the hold
time or give generally abnormal integrator perfor-
mance, 1f Q3024 or Q3025 should fail, the feed-
back loop would not work properly. Either both
signals woulid be fed back together (Q3024 or
Q3025 open) or one would never be fed back
{Q3024 or (3025 shorted).

When the Model! 163 troubleshooting is complete,
the power should be turned off before pulling the
extenders and returming the Model 163 to its nor-
mal operating position (if appropriate).

6.7 MODEL 164 TROUBLESHOOTING
The basic premise underlying the following proce-
dure is that the mainframe is known to be in good
working order and that the necessary Model 164
Extender, 6020-0093, is available.

6.7A PRELIMINARY STEPS

With the mainframe power off, plug the extender
(6020-0093) into the Channel A slot. Then plug the
Model 164 into the extender so that the Processor
Module can be operated out on the bench. One
shoulid not operate with a Model 163 at the same
time because of the restricted trigger rate (10 kHz)
obtained with a M163.

8.7B +5 V REGULATOR CHECK

The + 5V power used in the Model 164 is estab-
lished by U402, an integrated -circuit regulator.
This voltage is most easily checked by measuring
the voliage at the positive end of C408. If the volt-
age is +5 V +0.2 V, one can assume that the
regulator I8 working properly.

8.7C TIMING AND SWITCHING CIRCUITS
{1) Mainframe Control Settings

Aperture Delay
% Initial Delay A: 50%
% Initial Delay B: 50%
Range: 20 xSEC
Trigger Mode: EXT
Scan pushbuttons: EXT and A (other push-
buttons released)
Aperture Duration: 5 xSEC and CAL
Scan Time: 1 SEC and CAL
Function: A (digital storage OFF)
Mainframe Time Constant: 0.1 mSEC and CAL

{2) Model 184 Control Settings

Time Constiant: 1 xSEC
Pushbuttons: EXP. GND, and DC in {others
released)

(3) Gate Generator Checks

(a) Connect a 10 kHz trigger source to the
mainframe Trigger INPUT connector and
adjust the TRIGGER LEVEL control for
proper triggering as
mainframe TRIGGERED lamp.

Monitor the signal at TP402. One shouid
see a negative-going transient at.10 kHz.
The “peak” will be at ground and the
baseline at nominally +6 V. The width
will only be a few nanoseconds.

Monitor the signal at the collector of
Q404. The observed -signal should be a
5us wide pulse swiiching between
nominally plus two and minus two volts.
The complement of this signal should be
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indicated by the



present at the collector of Q405. These
signals drive the diode bridge gate. This
bridge is active for all values of aperture
duration. |f the width is “wrong”, see if it
can be adjusted to 5 xSEC by means of
the M164 front-panel GATE TRIM adjust-
ment before concluding that the circuit is
maifunctioning.

Rotate . the Aperture Duration switch
through its entire range. For each posi-
tion, the observed pulse width (collector
of Q404 or collector of Q405) shouid be
that selected. It may prove convenient to
monitor at TP403 instead of Q404, and at
TP404 instead of at Q405. The signals will
be the same but offset negatively by one
diode drop (about - 0.4 V). In the SPEC
position, without an appropriate “special”
capacitor installed, the pulse width will be
somewhere in the range of 5 ns to 50 ns.

If problems are noted with any particuiar
range, note that the Aperture Duration
switch actually controls relays K401
through K407, and that these relays
switch in different timing capacitors for
the different settings. Relay K403 is ener-
gized If the switch is set to any of four set-
tings, SPEC, 500 wSEC, 50 uS8EC, or 5
oSEC. Leave the Aperture Duration set to
5 uSEC,

Vary the inner knob of the Aperture Dura-
tion control. The ramp should increase
linearly from its calibrated value of 5 ySEC
to a maximum of nominally 50 4SEC with
the multiplier fully clockwise. When the
frailing edge of the gate pulse extends
beyond the end of the Aperture Delay
Range, the OVERLAP light will glow.
Because the delay is set to 50%, the gate
puise begins 10 us after the start of the
Aperture Delay Range. When the gate is
10 us or longer, it will extend beyond the
end of the Aperture Delay Frame and trig-
ger the overlap indication. Nofe that the
Overlap circultry consists primarily of two
gates of U401 and three gates of U403.
These gates monitor both the gate puise
and the Delay Range Frame complement.
The gates are arranged such that any time
there is a gate pulse in progress but not a
Delay Range Frame, Q411 activates the
Overlap Light Drive circuit at the main-
frame. At the same time, Q410 provides a
Trigger Holdoff signal to the mainframe

triggering circuits so that the unit cannot.

be triggered for the duration of the over
lap. Leave the Aperture Duration set to 5
»SEC and CAL
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{f)

Transfer the oscilloscope to TP406. The
signal here should be a positive +5 V
pulse, This pulse controls the FET gate as
described later. Because the FET is
switched only on the three slower ranges
{four if you include SPEC), the clrcuitry is
not as fast as that which drives the diode-
bridge gate. Even though the FET gate is
actually switched on the three slow

‘ranges only, the pulse at TP406 is avail-

able on all ranges. This is the same pulse
as drives the front-panel GATE QUT con-
nector. On the three fast ranges, a dc
override input to the FET gate keeps the
gate in conduction independent of the ap-
plied puise.

If the indicated behavior has been observ-
ed, one can conclude that the Model 164
APERTURE GATE GENEHATOR'carcmtry
(schematic on page ViL-7) is functiomng
normaliy.

(4) Gate Circuits (schematic on page VII-9)

(a)

{b)

Before proceeding, be sure that the Aper-
ture Duration is set to 5 uSEC and CAL.

Monitor the 5 us signals at TP403 and at
TP404. The signal at both points should
be a 4 V pk-pk pulse, compiementary with
respect to the test points. The absolute
level will be about + 1.6 Vand -~ 24 V. If
these signals are as indicated, one can
assume a normal drive is available to the
diode-bridge gate. A description of the
bridge follows.

The bridge consists of diodes CR432
through CR435. The pulses that tumn the
bridge on and off are supplied through
CR423 and CR422. In the quiescent state,
CR422 and CR423 are both conducting,
with the diode current suppiied by current
sources Q417 and Q418. The junction of
CR432 and CR434 is quiescently at —~2V
while the junction of CR433 and CR4356 s
quiescently at +2 V. The bridge diodes
are back biased and nonconducting.
When the pulse is applied, CR422 and
CR423 cut off, the bridge diodes are hias-
ed into conduction, and the current from
Q417 (identically that through Q418) flows
through the bridge diodes. The voltage at
the output of the preamplifier passes
through the bridge and is applied to the
féanowing integrator via the FET date
428,

Monitor the signal at TP407. The drive
signal to the FET gate should be present,
a negative-going pulse with its baseline at
+0.6 V and its "“peak” at - 15 V. lf the



Aperture Duration switch is set to the
three longest settings or SPEC, the pulse
is appiied. On the three fast ranges, Q429
is locked into conduction (TP407 at
- 15 V) via the dc control signal applied to
the base of Q414. Leave the Aperture
Duration at 5 4SEC and CAL.

8.7D SIGNAL PROCESSING CIRCUITS
(1} Preamplifier (page VII-10)

(@)

(b)

Press in the CAL pushbutton and select
SUMMATION averaging. Check to be sure
that GND is also selected.

Monitor the voltage at TP411 and adjust
the M164 front-panel ZERQ control for an
indicated O V. If this can be done, chances
are that feedback ampiifier U407 is func-
tioning normally.

Transfer the voltmeter to TP410. The
voltage at TP410 should be O V. If it Is,
chances are that the preamplifier is work-
ing properly. :

Release the GND pushbutton. The voitage
at TP410 should increase to nominally
0.59 V, checking the preamplifier gain. An
incorrect reading is indicative of a
preamptifier malfunction.

{2) Overload Detect Circuit

(a)

Whiie stilt operating in the SUMMATION
averaging mode, refease CAL and connect
a variable dc voltage to the M164 input.
DC coupling should be selected.

Start from zero and gradually increase the
applied voltage until the Overload light
giows. Note the required input. It should
be nominally 400 mV. Try reversing the
polarity. The required input to give an
overload indication should still be about
400 mV. Remove the dc source,

If the above indications were noted, the
Overload circuit can be presumed to be

functioning properly. If not, a maifunction

in this circuit can be assumed. Do not
overlook the possibility of a burned out
light bulb. The schematic for this circuit
is located on page VH-10, along with that
of the preamplifier.

(3) Integrator

n the following steps, the gated integrator
will be checked by observing the output be-
havior with a known input and a known duty
factor. The irigger rate will be decreased to
1 kHz. With a five microsecond gate, this
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gives a duty factor of 1/200. In other words,
the observed time constant wilt be 200 times
longer than that seiected with the M184 Time
Constant switch.

@

(@)

Select EXP averaging. Then push in both
the CALIBRATE and GROUND pushbut-
tons. Set the Mode! 164 Time Constant to
10 mSEC and decrease the trigger rate to
1 kHz. NOTE: With a duty factor of 1/200
and a time constant of 10 ms, the observ-
ed time constant will be two seconds.

Press in the CLEAR pushbutton. The
mainframe panel meter should indicate
“07. If the desired "'0” cannot be obtained,
the integrator may be malfunctioning, or
the Q430 circuit. A fallure in the Digital
Storage Option could make this test fail in
units equipped with that option.

Release the GND pushbutton. The observ-
ed time constant should be nominally two
seconds. After two seconds, the meter
should indicate nominally 63% of fuil
scale, and after ten seconds (five time
constants), the meter indication should
stabilize at or near full scale. If the finai
meter indication is not exactly full-scale,
adjustment of the CAL screwdriver adjust-
ment on the M1684 front panel shouid re-
sult in obtaining the desired full-scale in-
dication. Be sure to allow time for the unit
to fully respond each time the adjustment -
setting is changed..

Press CLEAR again. The meter indication
should go immediately to “0” and remain
there for as long as the CLEAR pushbut-
ton is held down. When the pushbutton is
released, the meter indication will again
rise to full scale at the observed time con-
stant rate.

Release the CAL pushbutton."‘rhe meter
indication should fall to zero, taking about
ten seconds to stabilize.

It these indications were proper, the Integrator
and the Gates are working properly. If not, there
could be a malfunction with the integrator (U406)
or with either gate circuit. (Recall that the pre-
vious gate checks only checked the gate drive
waveform.) With the five microsecond aperture
duration, both gates are active. One could as well
check the behavior with only the bridge active by
selecting an aperture duration of 50 nSEC. if the
repetition rate is increased to 10 kHz at the same
time, the observed time constant will remain at
two seconds and the circuit response time will be
the same as in the preceding checks.



Another check one can make is to evaluate the
hold time. This can be done by disconnecting the
trigger input when the meter indication is at about
haif scale. If # is done with the Aperture Duration
set to 5 pSEC and CAL, the hold time with the FET
" gaie biased off is checked. Under these condi-
tlons, and with a M164 Time Constant setting of
1 m8EC, the mainframe panel meter indication
should drift no faster than 20% of fult scale in 100
seconds.

If the hold time check is made with the Aperiure.

Duration set to 5 nSEC and CAL, the hold time
with the FET ““on”, that is, with the dominant leak-
age being that of the diocde gate, is checked.
Under these conditions, and with a M164 Time
Constant setting of 10 mSEC, the mainframe
panel meter indication should drift no faster than
20% of full scale in 10 seconds (leakage is a factor
of hundred greater, but the time constant capac-
itor is a factor of ten greater as well, limiting the
apparent leakage increase to a factor of ten).

If the hold-time check fails, there are several pos-
sibilities. The excessive leakage current could be
inherent to the integrator IC, U406, it could be
coming through Q430, or it could be coming from
the gate circuits. A less likely possibility is the in-
tegrating capacitors, C461 through C464. Check-
ing under the two sets of conditions specified
allows isolation of one gate or the other, although
a failure of Q429, the FET gate, could cause failure
under both sets of conditions.

This compileies the M164 checks. At this time, the
power can be turned off so that the M164 can be
returned to its normal operating position, if appro-
priate.

6.8 DIGITAL STORAGE OPTION

_The digital storage circuitry is schematically de-
picted on page VIi-25 (Channe! A} and VIi-26 (Chan-
ne! B). The Channel A circuitry and the Channel B

circuitry are the same. Hence the schematics are-

virtually identical, the only differences being that
those circuits that serve both channels are shown
on the Channel A schematic and not on the Chan-
nel B schematic. :

Digital storage from a “black box”’ point of view is
discussed in Subsection 6.3E. Here the discus-
sion deals with the internal workings of the digital
storage board. Even though digital storage is ac-
complished with a rather complicated mix of
digital and analog techniques, troubleshooting
with the aid of an oscilloscope should be relative-
ly straightforward given a basic understanding of
how the circuitry works.

Referring to the Channel A digital storage
schematic (page VII-25), note that there are two in-
puts. The first is the ENCODE pulse generated in
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the mainframe at the end of each Delay Range
Frame intervat. The second is the Processor
Module Qutput. The processor module output is
applied to pin 2 of comparator U9916 (through
R9938 and R9939). The digital storage cutput volt-
age is also applied to comparator U9916 (through
R9840). As will be shown, the comparator operates
in a loop to force the digital storage analog output
voltage to be equal to the Processor Module out-
put voltage but of opposite polarity. This loop
operates and completes its activity during the
1 ms ENCCDE period.

The arrival of the ENCODE puise at the digital
storage board triggers the digital storage se-
quence. First, ENCODE directly resets the 40
Clock, U9902. In addition, it resets the sequencer,
Ug908, and triggers the 80 us pulse generator,
U9910. The resultant puise in turn inhibits the
1 MHz Osctilator, U9801, for 50 us via Q9901. It
also provides an input to the U9904 fiip-flop and to
the U8807 flip-flop that controls the counter input
gates. The effect is to prelocad the counter o 50%
of fuil scale. With the counter preloaded to 50% of
full scale, a corresponding 50% of full scale cur-
rent is provided at the output of the D/A Converter,
This current, which is negative, is applied to the
input of VE Converter U9918. Note that positive
current is also applied to the input of US918,
through R9954 and R9953. This current is aiso
50% of full scale but its polarity is opposite that -
supplied by the D/A Converter. Because the two
input currents to U9918 are equal and opposite,
there is no net input to this circuit and its output
is at 0 V. in other words, when an ENCODE pulse
is sensed, the digital storage output voltage is set
to O V at the start of the digital storage sequence.
Note that there is a third current input to U9918,
this one from the output of U9817 through R9955.
As a part of the starting sequence, Q9906 is
switched into conduction, resetting integrator
U9917. The output of U8917 then goes o zero, and
no current is supplied through R9955,

At the end of the 50 us reset pulse triggered by EN-
CODE, the oscillator inhibiting ends and the oscil-
lator starts to run at 1 MHz. U8902 provides a
divide-by-four frequency division making a -
250 kMz signal available to the counter. The gates
controtling the counter determine whether the
counter will count up or count down. Comparator
V9916 does the polarity sensing. Recall that the
digital sterage output is at ¢ V due to the reset.
The Processor Moduie output will be either posi-
tive or negative. If the Processor Module output is
positive, U9916 will act through U9911 and the fol-
lowing counter-control gates to cause the counter
to “count down” from its 50% of full scale start-
ing point. As the counter counts down, the nega-

- tive current out of the D/IA Converter diminishes,

that is, becomes smaller than the positive current
supplied to U9318 through R9953 and R9954. The
output of US818 goes negative in response to the



net positive input. it will continue to go negative,
tracking the down count, until crossover occurs,
that is, until the U9918 output voltage is greater
than the Processor Module output voltage. When
crossover occurs, U9916 acts through U9911 and
the counter-control gates to stop the counter.
With the counter stopped, the D/A output current
stops changing, and the net input current to
UB918 stops changing. In other words, a voltage
equal and opposite to the Processor Module out-
put voltage has been developed. Recali that the
basic assumption was that the Processor Module
output voltage was positive. Had it been negative,
the counter-control gates would have reversed,
forcing the counter to count up instead of down.
In that case, the negative current out of the D/A
converter would have increased, making the net
input to US918 negative, and causing a positive
digital storage output to be developed. By pre-
loading the counter to 50% of full scale, and sub-
tracting the 50% at the input to U9918, operation
with either polarity input is accomplished.

It should be noted that the final voltage developed
during the sequence just described can be in error
by as much as one counter bit, which corresponds
to =100 mV at the output of U9918. Consequently,
as soon as the counter is switched off, another
toop takes over to correct this remaining small
error. This second loop, which consists of Usg1s,
19816, U9915, and US917, is activated by switch-
ing Q9906 off and Q9907 on at the end of the
counter-active part of the sequence. Unless the
U9918 output voltage and the Processor Module
output voltage have identically the same magni-
tude, there will be a non-zero voltage developed at
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the output of U9916. This voltage is amplified by
U9915 and apptlied to integrator U9917. As soon as
Q9907 is switched into conduction (this happens
when the counter stops counting), the integrator
begins to ramp positively or negatively according
to the polarity of the residual error. The loop is
closed by applying the output of U8917 to the
“trim” input of U9918 through R9955. Thus the
output of U9917 asymptotically approaches that
voltage which, when applied to U9918 causes the
output of U9918 to be identically the Processor
Module output (but of opposite polarity). When the
two magnitudes are the same, there will be no fur-
ther net error voltage at the output of U9916 and
US915, and therefore no more input current to
UB917. Thus the U9917 output voltage holds at the
level reached, keeping the net input current to
U9918 at precisely the correct value.

The entire sequence described is completed dur-
ing each 1 ms ENCODE pulse. By the end of the
ENCODE interval, the required equal but opposite
voltage is developed. This voltage and the Pro-
cessor Module output voltage are compared and
the difference fed back to the Processor Module
integrator as described In Subsection 6.3E.
Because integrator U9917 is not perfect, but
drifts, the analog “correction” voltage drifts as
well, and with time, the digital storage output
voltage can change as much as 400 mV. It can
change no more than that, however, because
400 mV represents the limit of influence of the
U9917 integrator on the U9918 output voitage.
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APPENDIX A
M164 P MAX AS A FUNCTION
OF APERTURE DURATION
& AND TIME CONSTANT

TC=1us

2 5 2 5 5 2 5 2
1ns 10 ns 100 ns 1 us 10 ps 100 us
APERTURE DURATION




