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CERTIFICATION

Saunders and Associates, Inc. certifies that
this instrument was thoroughly tested and in-
spected and found to meet its published
specifications when it was shipped from the
factory.

WARRANTY AND ASSISTANCE

This Saunders and Associates, Inc. product is warranted
against defects in workmanship. This warranty applies
for one year from the date of delivery, or, in the case of
certain major components listed in the operating
manual, for the specified period. We will repair or replace
products which prove to be defective during the warranty
period provided they are returned to Saunders
and Associates, Inc. No other warranty is expressed or
implied. We are not liable for consequential damages.
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SECTION 1

GENERAL DESCRIPTION

The 150C (Figure 1-1) is a measurement instru-
ment for fully characterizing a quartz crystal
resonator. The 150C allows for easy setup and
measurement of quartz crystals as well as con-
forming to most quartz crystal test specifications.

MEASUREMENTS TAKEN BY 150C

® Crystal Resonant Frequency
& Crystal Capacitances

@ Crystal Resistance

@ Power dissipated in crystal

All measurements are converted to digital

values and displayed on the 8-digit display.

The 150C allows all characterization of the
quartz crysial resonator to be done whiie inserted
in a single test socket. Therefore, all stray
capacitances or inductances are the same for all
of the tests, minimizing errors.

MEASUREMENT CIRCUIT

The operating details of the circuits of the
150C are covered in Section 5; while Section 6
covers the calibration of the circuits. The 150C
Block Diagram (Figure 1-2) shows the basic func-

" tional blocks.

The crystal is operated in a tuned amplifier
loop. The loop is designed such that the crystal

under test can be easily set up to repeatedly read
the crystal series resonant frequency. The 1500
setup for testing a crystal is covered in Section 4
of this manual. The tuned amplifier gain is varied
to set the power dissipation level in the crystal
under test. The frequency of the tuned amplifier
loop is buffered and counted by a microprocessor
controlled counter.

The signal amplitude at each side of the
crystal is detected and is input to the analog com-
putation circuit. The analog computation circuit
computes power dissipated and the series
resistance of the crystal under test. The power ac-
tually being dissipated in the crystal under test
and the user setpoint are compared, and the AGC
voltage is varied automatically to keep the crystal
under test power equal to the user setpoint. The
analog computation resulis drive a precision
voltage to frequency converter so the results can
be displayed by the frequency counter in a digital
format.

The capacitanbe meter output is a frequency
which can be counted by the frequency counter.
The capacitance meter measures the ioad capaci-
tance of the crystal under test by properly switch-
ing the two relays.

The frequency/contrcl microprocessor pro-
vides the necessary control signals, remote con-
trol options and the display of the measurements
results.

11



GENERAL DESCRIPTION

-  ANALOG VOLTAGE TO
COMPUTATION— . w FREQUENCY ——
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N
7

TUNED AMPLIFIER

— <109
OUTPUT
IMPEDANCE
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FIGURE 1-2. 150C FUNCTIONAL BLOCK DIAGRAM

TYPES OF MEASUREMENTS

The 150C can make six basic measurements on the crystal under test. The crystal under test can be ful-
ly characterized by further simple calculations using the six basic measurements.

1. Cg—Measure the capacitance of front 4, Fp-mMeasure the Resonant Freguency of
panel setable Series Capacitor (front the crystal under test with the Load
pane!l test socket empty). Capacitor.

2. C{ —Measure the Series Capacitor (Cg)

, : 5 P r bei issi di tal under
pius the capacitance of the crystal in ower being dissipated in crystal un

the test socket. test.
3. Fg—Measure Series Resonant Frequency 6. R —Measureresistanceofthecrystalunder
of the crystal under test. test at Series Resonant Frequency.
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GENERAL DESCRIPTION

CRYSTAL CHARACTERIZATION

The crystal under test can be modeled as a RLC
network (Figure 1-3). The elements of the network
can be computed from the 150C measurements.

Fp - F
Ci=20 P %
o
4n2F S2C4

0= ey

FIGURE 1-3. EQUIVALENT MODEL OF A QUARTZ
CRYSTAL RESONATOR

The quality factor (Q) of the crystal under test
can be calculated:
1 2nFg L
2nFgCyRg  Rg

The resistance (no stray capacitance} of the
load resonant circuit can be calculated (Rp calc).

Rp Calculated = (—"

The 150C measurements also allow for simple
calculations of other useful crystal application
parameters.

Assume: F| = specified frequency at which the
crystal is to operate with an
unknown capacitor (Gp) in series.
Fn = Fg

CL=—"—(Cs + Co) - Co.
In this case the crystal can be measured at
any convenient F, and Cg condition.

NOTE: The value of C; could also be found by
adjusting the Series Capacitorin the F D mode and
then using the internal capacitance meter to
measure Cg which would be the desired Cy.

The sensitivity of the crystal to variations of
C|_can be calculated:

ACL CO+CL\ Fg / Ct\ Fg /

The load capacitance of an unknown
osciliator could also be computed using a crystal
measured on the 150C. Using the calculation for
C|, substitute for F) the frequency of osciiiation
of the unknown oscillator. The resulting C|_is the
unknown oscillator's load capacitance.

7-3
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SAFETY SUMMARY

The following general safety precautions must
be observed during all phases of operation,
service, and repair of this instrument. Failure to
comply with these precautions or with specific
warnings elsewhere in this manual violates safety
standards of design, manufacture, and intended
use of the instrument. Saunders and Associates,
Inc. assumes no liability for the customer’s failure
to comply with these requirements.

GROUND THE INSTRUMENT

To minimize shock hazard, the instrument
chassis and cabinet must be connected to an
electrical ground. The instrument is equipped
with a three-conductor ac power cable. The power
cabie musi either be piugged into an approved
three-contact to two-contact adapter with the
grounding wire (green) firmly connected to an
electrical ground (safety ground) at the power
outlet. The power jack and mating plug of the
power cable meet International Electrotechnical
Commission {{EC) safety standards.

DO NOT OPERATE IN AN EXPLOSIVE
ATMOSPHERE

Do not operate the instrument in the presence
of flammable gases or fumes. Operation of any
electrical instrument in such an environment con-
stitutes a definite safety hazard.

. KEEP AWAY FROM LIVE CIRCUITS

Operating personnel must not remove instru-
ment covers. GComponent replacement and internal
adjustments must be made by qualified mainte-
nance personnel. Do not replace components with
power cable connected. Under certain conditions,
dangerous voltages may exist even with the power
cable removed. To avoid injuries, always discon-
nect power and discharge circuits before touching
them.

DO NOT SERVICE OR ADJUST ALONE

Do not attempt internal service or adjustment
unless another person, capable of rendering first
aid and resuscitation, is present.

DO NOT SUBSTITUTE PARTS OR MODIFY
INSTRUMENT

Because of the danger of introducing additional
hazards, do not install substitute parts or perform
any unauthorized maodification to the instrument.
Return the instrument to Saunders and Associates,
Inc. for service and repair to ensure that safety
features are maintained.




FIGURE 1-1. 150C CRYSTAL IMPEDANCE METER
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SECTION 2
INSTALLATION

The information necessary for installing the
150C is contained in this section. Included are in-
itial inspection procedures, power and grounding
requirements, installation instructions, and pro-
cedures and repacking the instrument for ship-
ment.

INITIAL INSPECTION

This instrument was carefully inspected both
mechanically and electrically before shipment. It
should be free of mars or scraiches and in perfect
electrical order upon receipt. To confirm this, the
instrument should be inspected for physical
damage incurred in transit. If the instrument was
damaged in transit, file a claim with the carrier.
Test the electrical performance of the instrument
using the performance test procedures outlined in
Section B. If there is damage or deficiency, see
the warranty in the front of this manual.

IMPORTANT

Read the Safety Summary at the front of
the manual before installing or operating
the instrument.

POWER REQUIREMENT

The Model 150C can operate any power source
supplying 95 to 255 volts, single phase 48 to 62 Hz.
Power dissipation is 70 VA maximum.

The 150C internal supply is designed to
operate continuaity over the entire range of 85 1o
255V, The user need only plug the 150C into the
power main.

If the 150C is to be connected to a different
plug type, the following wire color code should be
followed:

Green Ground
White Line Common
Black Line

REMOTE CONNECTOR

The rear panel Remote Interface connector
must be properly connected for the 150C to per-
form correctly.

» Local Operation—Internal Standard no
connectors or external connections needed.

e Local Operation—External Standard Re-
mote Plug (Amphenol 57-30140) must be in-
stalled with the 1-MHz standard placed on
Pin 12 (Common) and Pin 8 or connect exter-
nai standard to rear panel BNC connector.

See the operation section to set up for other
external frequency standards.

REPACKING FOR SHIPMENT

If the instrument is to be shipped to Saunders




INSTALLATION

& Associates, Inc. for service or repair, attach a
tag showing owner (with address), complete in-
strument serial number, and a description of the
service required.

Use the original shipping carton and packing
material. If the original packing material is not
available, Saunders & Associates, Inc. will pro-
vide information and recommendations on
materials to be used.
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SECTION 3
SPECIFICATIONS

Frequency Range:

Crystal Termination:

Crystal Power:

Crystal Resistance:

Crystal Socket:

Capacitance Meter:

Series Capacitor:

1—60 MHz in six (6) bands

Band Frequency (MHz)
1-2.2
2.2-5
5-10
10-20
20-40
40-60

A WwMN =

24-ohm source
27-chm load

Adjustable 50-5000 Microwatts (Typically 1-40 MHz)
500-1000 Microwatts (Typically 40-60 MHz)
(Extremes dependent on crystal resistance)

Crystal operated at constant power (independent of resistance or frequency
variation)
Accuracy =100 Microwatts

Maximum resistance—500 chms at 1MHz decreasing to 100 ohms at 60 MHz
Accuracy = = (5 + Frequency in MHz ) %

10
Universal socket for .38cm to 1.24cm (.15” to .49”) lead spacing and .04cm to
.13cm (.015” to .050") lead diameter. The center contact is ground. The socket

assembly can easily be replaced or modified. The entire socket assembly is
plugged into the 150C and held in place by a singfe screw.

Measures value of Series Capacitor plus value of capacitor in front panel socket.
Measurement capacity range—0 to 250 pF
Accuracy +2% of reading

Setable with internal capacitance meter. Variable with range of 16 to 110 pF
(Typical).




SPECIFICATIONS

Displays:

o Digital Display—8 digits LED’s .51¢m (0.217) high non-magnified

° When reading resistance, the display is ‘EAGC’ if the 150C is out of range.

° Analog Indication
The LED below the digital display intensity varies proportionally to the value of crystal
resistance. (The display is valid only when the crystal is oscillating.)

¢ Function Indicator
The LED display below the Fp, R, and Cy switch indicates when these functions are activated
{local or remcte). All LED’s on indicate power being displayed.

» Display Resulis

SWITCHES

FUNCTION

DISPLAY

UNITS

None

Serles
Rescnance

Load
Resonance FL

XXXKXKXK
or
HXOOLXXX
or
XXHXHAAKX

Hz

Crystal
Resistance

KHROCOKX

ohms

Total Socket
Capacitance

KHHXXX XK

oF

Crystal
Dissipate

XXUHHXK

BWatts

Crystal Motional
Capacitance
C‘I

HHKKAKKKX

pF

Most significant (left hand digit) decimal point will be on if a valid externai standard is being used.
Next to the most significant (2nd from left digit) decimal point will be on to indicate Remote control.

Measurement Time: All measurements performed and displayed in less than 0.5 sec. except C, typical
2 sec. (depends on mode last used)

Time Base:
Internal Frequency Standard—10MHz temperature controlled crystal
Variation less than +0.5 PPM including:
Power supply
Temperature
Aging for 6 months
External Input—Internally setable to accept any of the following frequencies:
100KHz, 500KHz, 1MHz, 5MHz or 10MHz.
Requires 1V PP sine or square wave—terminated into 1K load.
Signal input through BNG connector or Remote TTL interface connector.

Controls:
¢ RANGE Switch—Sets operating frequency range
s Tuning*—Sets specific operating frequency
» SERIES CAPACITOR*—Adjusts load capacitor value
* R {(Momentary switch}—Activates display to measure crystal resistance
s Fp {Momentary or hold switch)—Places series capacitor in series with crystal

* Ci;—(Momentary switch)—Activates display to read value of series capacitor plus capacitance
across crystal sockets.

* Power Set (Screwdriver adjust potentiometer—push to read)— Activates display to read power and
adjusts power being dissipated in crystal.

* Frequency Standard Set (Screwdriver adjust)—On back panel sets Internal frequency standard.
*4:1 turns ratio drive to enhance ease of setting

32
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SPECIFICATIONS

o Function Set (Screwdriver adjust 16 position switch on front panel)
Sets 150C operation and display. Permits a troubleshooting mode and normal measurement.
User can specify special measurement modes which would be quoted by the factory and supplied
to the user as field upgrades (ROM changes).

(See Operation Manual for particular unit details)

Remote TTL Interface: (Amphenol Micro Ribbon Connector 57-30140)
Provides remote reading of display in a TTL level compatible digit serial—bit parallel format. The
measurement mode is remote controlled—interfaces Saunders & Associates 2000A/B Printer-
Processor.

488 Data Bus Interface—Option 001: {Factory Upgrade only)
Standard 488 bus connector interface with metric threads
User can specify measurements of Gy, F, Fp, Ry and Power
The 150C sets SRQ when conversions are complete.

Crystal Resistance Output: Output continuously available except in C; and Fp modes.
Qutput is 2 volts per 100Q of crystal resistance.

Analog Frequency Quiput—Option 002: {(Field Upgradable)
The output is enabled by setting the function select.
Each measurement of F, or Fp will be compared to the reference frequency entered and the out-
put and dispiay will be in parts per million deviation from the reference frequency. The reference
frequency is entered by a sequence which measures a known crystal and stores that frequency
value. The output changes 1 volt per 100 parts per million difference. The total range is 10 volts
or 1000PPM.

Power: 95 through 255 volis AC, 50/60 Hz, less than 70 VA
Weight: Net: 5.67 kg (12.5 Ibs); Shipping: 7.94 kg (17.5 1bs)

Dimensions: 21.07 cm Wide by 15.48 cm High by 38.07 ¢cm Deep (8.3" W x 6.1 H x 157 D)

3-3
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SECTION 4
OPERATION

The general setup procedure of the 150C is
described in this section. The specific 150C opera-
tion can be varied by changing the microprocessor
ROMs. Refer to the 150C Operation Manual for the
specific capabilities of the 150C being used. The
necessary controls are located on front panel
(Figure 4-1).

A. Calibration. Resistor

As with all current crystal test instruments
{oscillator as well as transmission), initial fre-
quency or phase is calibrated by a substitution
resistor. This resistor should have a minimum
inductive component and the shortest lead
length possible. One percent monolithic re-
sistorshave proved the most satisfactory forthis
purpose. The critical nature of the calibration
resistoris a direct function of frequency becom-
ing most significant for the 40-60 MHz band.
The value of the setup resistor should be within
30% of the nominal crystal resistance for op-
timum accuracy.

B. Frequency and Power Set

With oscillator in Fg mode (Fp “LED” out),
set range switch to appropriate band for crystal
to be tested and insert calibration resistor.
Display will indicate the operating frequency of
the oscillator and the oscillator indication light

will glow. If the right most four characters in-
dicate “EEAGC"” an AGC or an out of range
condition has been encountered. (Refer to Sec-
tion 3 for codes.) This typically occurs when
the power set is too high or too low for the fre-
guency range or resistance value. Increase or
decrease the power setting until an in range in-
dication is encountered.

Push in on power set potentiometer to display
power. This is displayed in microwaits; sei to
required power while depressed, and the
display will return to frequency when released.
Depress R toggle and check resistance value
indicated versus value of calibration resistor.
(The display will read “EEAGC” if an AGC error
is encouniered.)

With power set 1o proper value, readjust the fre-
quency of the oscillator to the freguency of the
crystal to within the 3-4 most significant digits
for suitable acouracy. The unit is now set for
proper measurement of the crystal series reso-
nant frequency and resistance.

Load Capacitance Adjustment

To set the proper load capacitance, the crystal
sockets of the 150C must be empty. Depress
the GC; toggle switch and the current vaiue of
load capacitance will be displayed with resolu-
tion of 0.01 pF. With C; still depressed; adjust
value with the series capacitance knob to that
required. (Approximately 15-110 pF.)




OPERATION

D.

Measurements

The setting of frequency, power and load
capacity are all that is required for complete
crystal test. With a crystal inserted in the ap-
propriate socket, characterization can be ac-
complished in the following manner.

1. Insert crystal—Record Fg (series
resonance)

2. Depress R—Record Rg (series resonant
resistance)

3. Depress Fp—-Record ioad frequency

4, Depress Ci—Record total capacitance

/K\Depress Fp & Ci—Record crystal C1 mo-

tional capacitance

Special Tests

The internal capacitance meter of the 150C
results in a convenient me:thod of determining
the load capacitance requirements of Pierce
or Modified Collipitts oscillators. Set up the
150C for proper operation at series resonance.
Obtain the operating frequency of the crystal
in the unknown oscillator and then insert the
crystal into the 150C. Depress the Fp toggle
and vary the series capacitor until F is equal
to the frequency in the unknown oscillator.
Remove the crystal from the 150C; depress C;
and read the required load capacitance. This
method can alsc be utilized to determine the
load capacitance variation of units at incom-
ing inspection or determine the sensitivity in
ppm/pF of the lcad capacity per equations in
Section 1.

42
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. TAL ] PEDANCE ME\
._1 UC CRAL SQEFIE | DASS!O

- FREQUENCY

Frequency Range Bandswitch

Display 8 digits

Power set (Push in to display power in
microwatts)

Resistance display

inseris ioad capacitor (momentary-down,

Fg-horizontal “LED” off, fixed-up)
Ci socket capacitance display
Frequency tune

Operation Mode set

Load capacitor set

Crystal sockets (replaceable panel)
Oscillator indicator

FIGURE 4-1. 150C FRONT PANEL

CAPACITOR
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SECTION 5

CIRCUIT DESCRIPTION

The operation of the 150C Crystal Test Oscil-
lator circuits is reviewed in this section.

The 150C Crystal Test Oscillator can be di-
vided into ten major sections:

—

O w0~ O, Wk

. Oscillator Circuit

. Analog Measurement Circuits
. Capacitance Meter

. Microcomputer

. Time base generation

. Period Counter

. Display

. Power Supply

. Analog Frequency output

. Remote Interface

OSCILLATOR

The oscillator is a variable gain amplifier
which operates at zero phase shift across the test
terminals (Figure 5-1). The input to the amplifier is
terminated in a low impedance (OR118). The low
impedance minimizes variations caused by the in-
put amplifier (OQ2) and maximizes oscillator
stability related to the crystal under test.

The differential amplifier (OQ2-0G3) is
capacitor-coupled to avoid imbalance in bias cur-
rent which would be caused by transistor Vgg
mismatch. The AGC voltage input to the emitter
current setting resistors (OR69, OR70) sets the
amplifier loop gain.

+VOLTAGE

-

I BAND |

= SWITCH
: NETWORK |
L

+15V

CRYSTAL
UNDER + VOLTAGE 0Q11, 0Q12,

0Q13, ete.

AGC INPUT

0C59/0C63

. ORT4
I AN
onﬁsf oL12
il ocio7
SWITCH TC
GROUND
ON HIGH
oD10 BAND ONLY
+5V
0CeE0

.|||__i

FIGURE 5-1, OSCILLATOR CIRCUIT
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CIRCUIT DESCRIPTION

The gain stage output has a parailel tuned
tank for a load (Band Switch Network [Figure 5-2]
and OCB3). The variable capacitor performs the in
band tuning function.

The high impedance of the tuned tank is con-
verted to a low impedance by a unity voltage gain
buffer amplifier (OQ11, OQ12, and OQ13). The buf-
fer amplifier drives the load through a resistive at-
tenuator. The resistor pad isolates the buffer
amplifier’'s output from variations in reactance of
the crystal under test.

The oscillator's tuned tank is set by operating the
osciliator with a resistive ioad in the test socket.
The tuned tark is adjusted until the oscillator's

frequency is equal to the crystal to be measured.
This setup adjusts the oscillator such that the
crystal will operate at the phase shift across the
resistor (ideally zero). Even though the resistor is
not ideal it does allow for a repeatable standard-
ized setup.

Inthe 40-60 MHz range, the oscillator loop has
excessive phase shift. The phase shift is compen-
sated in setup by adjusting the LC tuned tank off
of resonance but this results in loss of loop gain.
To minimize the phase correction needed in the
LC tuned tank a phase correcting inductor {OL12)
is switched in on the 40-680 MHz band. The phase
correcting inductor is capacitor-coupied to
ground through a switching PIN diode (OD 10).

0C86
+15V 1
OR84
AAN—+ 5V
ADJUSTABLE
CURRENT l ol19
SOURCE ORS5 to
OR91
0Q7, 0Q8
+15V
RD16
oD18 OL1 OR83
I 9 FTTT _T_ NN
%Omg Iocsz
I : v BAND
0Cs3 o
T % OD23 _~—=5 CONTROL
= =8 V ZENER e o INPUT
MIDDLE BANDS CONNECTOR —
SIMILAR TO OL1 '|+15v —o
— - — = |
oD13 OR78 /3
- oCT77
oL6 orR7é L
) OR77
A
ol
0C76
TO 0Q3 "

FIGURE 5-2. BAND SWITCH NETWORK
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CIRCUIT DESCRIPTION

The AGC amplifier (Figure 5-3) compares the
user Power Set Potentiometer (RG1) with the com-
puted power being dissipated in the crystal test
socket and adjusts the AGC input voltage to hold
the oscillator circuit gain at a constant power.

The power set limits are set by resistive
dividers in series with the Power Set Poten-
tiometer (OR1, OR120}.

The AGC amplifier stability is maintained by a
complex RC network (OR25, OR26, OR27, CO105,
0OC33, 0C34, OC50). The AGC amplifier output is
buffered by an emitter-follower (OQ15).

The osciliator tuned itank uses 6 inductors,
one for each band. The 40-60 MHz band inductor
{OL6} is always in series with all other inductors.
To operate on the 40-60 MHz band the Band Gon-
trol input to the 40-60 MHz band is active low
which connects one end of a current limiting
resistor (OR78) t¢ ground with the other end going
to a PIN switching diode (OD13) and a bypass
capacitor (QC77). This condition turns the switch-
ing diode to a low resistance which essentially RF
grounds one end of the 40-60 MHz inductor, with
the remaining inductor network non-operative.
The Q of the high band inductor is set by a resistor
(OR76}.

The entire inductor network is biased to +5

volts by an active feedback circuit which compares

T AT

the voltage at the differential transistor (0Q3) to
the + 5 volt supply. The comparator (O119) adjusis
the bias condition of high impedance current
source network (OR85-OR90 and 0Q7-0Q8) to
maintain the operating voltage on the inductors at
5 volts.

The 1-40 MHz bands have individually switched
in inductors. The lowest band’s inductor {QL1) is
switched into the current by a PIN switching
diode (OD18). When the inductor is switched in,
the Q swamping dicde (0D19) is reverse-biased
and doesn't affect band operation.

To switch to another band the PIN switching
diode {OD18) is reverse-biased by pull up resistor
to +15 volt supply. The Q swamping diode (CD19)
conducts into the zener clamp diode (OD23) which
shorts out the coil and minimizes any stray ef-
fects of the inductor in the vicinity of other driven
inductors.

ANALOG MEASUREMENT CIRCUIT

The power dissipation by the crystal under
test and the resistance of the crystal under test is
computed with analog circuits. The voltage
across the crystal under test and current through
the crystal under test must be measured. The pro-
duct of the voitage and current give the crystal

power and the ratio of the voltage and current give
the resistance.

+15V

OR1

FRONT PANEL
POWER SET RGH
POTENTIOMETER

OR120

COMPUTED
POWER DISSIPATED
= IN CRYSTAL

0C105 TO

It AGC INPUT
OR25 OR26 OR27

AN AN AN 0Q15

—-15V
0C33
OR24
== 0C34/10C50

FIGURE 5-3. AGC AMPLIFIER
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CIRCUIT DESCRIPTION

The computation of the ratio and product is
done by detecting the AC voltage and current and
utilizing analog circuits.

The final computed DC voltages needed to be
displayed to the user. The already existing re-
quirement for a frequency counter and display
made the use of a voltage-to-frequency converter
a simple method of performing analog-to-digital
conversion.

SIGNAL DETECTORS

To achieve long-term stability and the
necessary wide bandwidths, peak detectors
(Figures 5-4, 5-5 and 5-6) were used. The peak
detector was formed from an ultrafast emitter-
coupled logic comparator (Figure 5-4), For the ma-
jority of the time the non-inverting input will be
greater than the inverting input. Therefore, the Q
output is more positive than the 6output.

The comparator’s outputs are unterminated
transistor emitters. The emitters charge the
holding capacitors (Cp, Cg) which store the peak
amplitude of each emitter output. The capacitor
charging current is limited by resistors (Rp, Rp).
The hold period is set by discharge resistor (Rp,
Re, RE).

As the unknown input exceeds the feedback
signals the Q output switches more nositive on

the waveform peaks, charging up the unknown
output. if a DC comparaior is placed between
Reference Output and the Unknown Qutput which
holds these equal and the output becomes the
feedback signal, the circuit becomes a wide band
peak detector (Figure 5-5).

The comparator has excellent temperature
tracking due to the inherent input matching of the
comparator's monolithic integrated circuit con-
struction. The smali offset match of these tran-
sistors can be compensated by injecting a small
input voltage into the circuit input.

The peak detector can also have a DC output
which is many times larger but proportional to the
peak input voltage. The gain is obtained by
dividing the output voltage (Figure 5-5) with
resistive divider (OR47 in series with OR48) and
using the reduced voltage as the feedback.

Offset and gain variations in the output com-
parator do not affect the output appreciably since
these variations are reduced by.the gain of the
high-speed input comparator.

The peak detector can be positive peak detect-
ing but produce a negative output voltage (Figure
5-6). An extra times one inverting amplifier is re-
quired to create the feedback voltage,

LR 1

INTEGRATING
1? NETWORK
FEEDBACK
VOLTAGE 21, R’ o R )
WHICH EQUALS A B . REFERENCE
WAVEFORM PEAK AN AAA, > OUTPUT
UNKNOWN 8|_ —K_ S0 . UNKNOWN
CA :E‘ _;I— CB Rc RE
T -5y

FIGURE 5-4. PEAK AMPLITUDE COMPARATOR
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OR47
AN
030
INTEGRATING f
NETWORK
REF |-
LOAD SIDE o113 ol12
OF THE
CRYSTAL UNKNOWN — +
pERTEST L == == ==
UN S ORAG OR42-OR46
QC24 AND OC25

OUTPUT=(18.4) V IN RMS

OouTPUT

QUTPUT (VOLTS) =(497) (CURRENT IN RMS AMPS
THROUGH CRYSTAL UNDER TEST)

FIGURE 5-5. POSITIVE PEAK DETECTOR WITH POSITIVE QUTPUT VOLTAGE

OR56 AND OR57

A
0C48 OR53
H— A
- UNKNOWN
INTEGRATING OR54
oH4 i - AAA
DRIVEN SIDE NETWORK 0115
OF THE
REF
CRYSTAL o6 b
UNDER TEST OR59-OR63
OR58 OC41 AND 0C42 J__‘
i — OUTPUT +OUTPUT

+ OUTPUT = (6.81)VIN RMS

OR53=0R54

+OUTPUT = — QUTPUT

FIGURE 5-6. POSITIVE PEAK DETECTOR WITH POSITIVE AND NEGATIVE OUTPUT VOLTAGE
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CIRCUIT DESCRIPTION

CRYSTAL UNDER TEST MEASUREMENT
VOLTAGES

Two peak detectors are used to measure the
operation of the crystal under test (Figure 5-7).
One peak detector senses the current in the
crystal under test by detecting the voltage across
the current sensing resistor (OR118).

Isense Output =(Igmg crystal under test)
(27) (18.4)

=497 (Igms crystal under test)

The voltage across the crystal under test and
the current sensing resistor are detected with the
second peak detector. The output is a negative
voltage.

VDetect (crystal and sense resistor) =(—6.81)
[lRMs crystal under test) (27)+VRMs
across crystal]

The voltage detector output must be reduced
by the voltage across the current sensing resistor.
The subtraction is done by an analog inverting ad-
der circuit (Figure 5-7).

Vgense Output= —86.81 Vg across crystal

POWER COMPUTATION

The power in the crystal is the product of
Vgense Output and igenge Output. The product is
taken with an analog multiplier (OI7) which has a
transfer function to yield 1 volt output per 1
milliwatt of crystal dissipation {(Figure 5-8). The
transfer function is set by a potentiometer (CR23)
with any low voltage offset errors set by an offset

voltage adjustment (OR22).

Power Out Calculated =(Vgense) (Isense)
(.295)

= (6.81) (VRMs across crystal) (497)
(lrms crystal under test) (.295)

= (1000)(VRpmgacrosscrystal){lgmg crystal
under tesi)

Power Qut Calculate therefore equals 1 volt
per milliwatt.

OR41
AN
-V
DETECT 010
PEAK A ~
DETECTOR VSENSE
ol11 - =(6.81) VIN DRIVEN RMS
CRYSTAL OR39 OUTPUT T 681V NS
UNDER [ ] + TERMINATED
TEST
PEAK ISENSE _
DETECTOR ouTeut = 8-81 VTERMINATED RMS
OR118

FIGURE 5-7. CRYSTAL UNDER TEST MEASUREMENT CIRCUIT
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—— OUTPUT PROPORTIONAL TO
POWER DISSIPATED IN
CRYSTAL UNDER TEST

POWER =1 VOLT/mW

VSENSE ___ 6 [ X1y ol7
OUTPUT +
71X2|
—AAA
ISENSE 1] ¥y
OUTPUT y
10| Y2 :‘—““
VOS:
= +15V ¢
OR22
-15V

Ra
»<OR23
R
B% OUTPUT = (x1 Y1\, RA+RB\
= J\ RB J
= (Isenske) (VSENSE! (-295)

RA+RB= OR23

FIGURE 5-8. CRYSTAL UNDER TEST POWER DISSIPATED COMPUTATION CIRCUIT

CRYSTAL RESISTANCE COMPUTATION

The crystal resistance is computed by dividing
the Vgenge Output by the Iggnge Output and scal-
ing the results (Figure 5-9). The computation is
performed by a Log-Antilog divider Circuit (IC08).

The Vgense Output must be reduced to main-
tain accuracy in the divider circuit (OR20). The
scaling constant is another input to the divider
(OR15).

0.266 V
Resistance Output:(S)ﬂ

lsense

— 133 (7.07) VRMs across crystal)

510 (Ipms crystal under test)

0o (VRMs across crystal)

=0
(IrRMs crystal under test)

Therefore, Resistance Output is 2 volts per 100
chms of crystal under test resistance.

To maintain division accuracy on very low
power levels {low input voltages), the numeraior
and denominator portions of the divider circuit
must be trimmed for offset voltage errors (OR11
and OR17).

ANALOG-TO-DIGITAL CONVERSION

The conversion function is performed with a
voltage-to-frequency converter {(OI3). The proper
input to be converted is multiplexed with an
analog multiplier {OI2) to the input of the con-
verter. The converter output is a 1 KHz per volt of
input frequency.
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CIRCUIT DESCRIPTION

+15V ot
OR15 L fC1sz LOG ouTPUT RESISTANCE OF
Rp CRYSTAL UNDER TEST
i ANTILOG =iy =2 VOLTH00Q
v OR21
SENSE OR15=RC+RD
oUTPUT oD3
OR20 *
LOG =
= aly RATIO
ISENSE x
OUTPUT OFFSET _ YOFFSET
B[ 1112
+15V
OR19 | +15v
OR17
OUTPUT = vz< ) —TYPICALLY 0.73-SENSE OR18
IsENSE OR16
—15V
Vz=15 (P2 _| =TYPICALLY 5.61 VOLTS —15Y
RC+ RD
S R20
SENSE OR20 + OR21 =TYPICALLY 0'266VSENSE

FIGURE 5-9. CRYSTAL UNDER TEST SERIES RESISTANCE COMPUTATION CIRCUIT

CAPACITANCE METER

The capacitance meter circuit produces a
digital output of 100 Hz per pF measured. The
measurement is performed by an LC oscillator
{Figure 5-10) which is designed tc operate at 800
KHz with a pullability of 100 Hz per pF (OL8, OL10,
0C90, 0OC92, 0OQ9). To obtain a useful output a
reference oscillator (OL7, OL9, 0C89, OCO1,
0Q10) is phase locked to the measurement
oscillator when capacitive measurements are not
being taken. The two oscillater outputs are buf-
fered by CMGOS logic circuits biased in the active
region (O121) which in turn drives an exclusive
OR Mixer (Ol21}. The mixed output is low pass
filtered (OL11 and OC101) and fed back through
an analog mux and adjusts the varicap (0OD24)

on the reference oscillator to maintain phase
lock.

~F
wi

During measurement capacitance the
reference oscillator remains at the phase-locked fre-
quency due to stored charge on the varicap (OD24)
and the associated capacitor (OC88). The analog
multiplexer has copened the feedback path. The
measurement oscillator sense lead is activated as
the relay (OK2) closes. The measurement oscillator
shifts to a frequency proportional to the unknown
capacitance at the sense lead on measurement
relay (OK2). The difference frequency {reference to
measurement oscillator frequency) is available at

the now enabled output analog multiplexer.
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CIRCUIT DESCRIPTION

CAPACITANCE
TO BE

MEASURED

342>
HIGH WHEN
MEASURING
CAPACITOR

0K2
0cgs 3
._....l o
oLs |oce0 +5V

+5V
::0092 OSCILLATOR o2
0Qs g 0 OR100

oLio QLU 11| ANALOG
j mux [o]  CUTPUT
8 12
Iocm Iocmz
5 4 = =
dm
0D24 3 OL7 locat

L OSCILLATOR
ocsg oQ10

Lo}

IOCBB QLg

0120

M)

ANALOG [1
MUX

LOW WHEN MEASURING  [13
CAPACITOR

FIGURE 5-10. SIMPLIFIED DIAGRAM OF CAPACITANCE METER




CIRCUIT DESCRIPTION

CRYSTAL UNDER TEST RESISTANCE
ANALOG OUTPUT INDICATORS

The crystal under test resistance has a visual
and voltage indicating output. The analog voitage
output of resistance (Figure 5-11) is a voltage
follower output (Ol4) of the computed crystal
resistance (2 volts/100 ohm). The buffer is pro-
tected from load abuse by series output resistor
(OR7).

The resistance visual indication is to aid in
setting up the 150C. The LED drive current is pro-

portional to the crystal under test resistance
{Figure 5-11). The drive current is derived from a
feedback signal set by an op amp (QI5) which is
buffered with a drive transistor (OQ14). The active
circuit maintains the voltage across current set-
ting resistors (OR12, OR13) equal to the re-
sistance output; the LED diode (DA9) current is
nearly equal to the current in the resistors. At low
resistance values the LED would be at very low
currents and the light output is very non-linear;
therefore, a quiescent bias current is drawn
through the diode set by a resistor (OR11).

RESISTANCE

COMPUTED 3 + OR7 Ja-i
VALUE 5 Ql4 AN 3 < J3-14
+5V
OR8, OR9
3
+ OR10
2 (011 AN }\10014

COMPUTED CRYSTAL POWER 2
DISSIPATION NN
power QR32 31, 6
SET POINT
OR38 Veense OD5
OUTPUT

+OUTPUT VacRoss oD6
CRYSTAL DETECTOR

oD7
ISENSE OQUTPUT—M—

—J4-31

“1” = AGC ERROR OR
DETECTOR OUT OF RANGE

FIGURE 5-12. AGC/RANGE ERROR DETECTION CIRCUIT
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CIRCUIT DESCRIFPTION

AGC/RANGE ERROR DETECTION CIRCUIT

The AGC/Range error detection circuit (Figure
5-12) indicates an error when the lggnge Detector
or Vganse Output or Voltage across the crystal
under test detector is greater than + 11 volts out-
put or the computed power in the crystal is [ess
than 85% of the power setpeoint.

The power setpoint error circuit (OI9) com-
pares the computed crystal power (Pin 2) and a
voltage divided (typically 0.85 divide ratio) (OR32
and OR38) value of the power setpoint. If the di-
vided value of the setpoint exceeds the computed
power, the comparator ocutput goes to an output

greater than 11 volts.

The error cutput is derived by ORing all error
inputs and if any exceed 11 volts a ““1” level out-
put occurs (O110). The output of the error detector
is limited by a clamp zener (OD1) to greater than
—0.510 less than +5 volis.

MICROPROCESSOR

The microprocessor executes up to 8000 in-
structions stored in read only memory {(ROM) to
control the 150C. The exact set of instructions is
varied to the specific user needs.

The microprocessor alsc contains internal
random access memory (RAM} which is used to
control the 150C. Numeric data, display data is
stored in the external RAM (See Figure 5-13\.

The microprocessor can perform addition,
subtraction, multiplication, division and nu-
merous other mathematical functions on 12 digit
mantissa binary coded decimal numbers (BCD)
with exponent range of x127. Up to 16 numbers
are stored in the external RAM.

The microprocessor operates in an interpretive
mode. The commands are very similar to a

programmable hand held calculator. The inter-
pretive code starts at address “OCOOQey”". The
initial machine code begins on reset at
“O00Hey". The microprocessor uses signal P17
(Pin 34) to permit bank switching in up to 8000 in-
structions.

The microprocessor timing is shown in Figure
5-14. There are several fundamental cycles which
are executed. All signals are TTL level com-
patibie.

Read-Write Cycle

The readfwrite cycle is used to read data from
or write data to the external RAM memory and
numerous peripherals. The ALE signal laiches the
address on the address bus (AB) and the P1x
signals enable the proper peripheral. The read
signal goes low, indicating the DB will input data
to the microprocessor. The write signal goes low,
indicating the DB is outputting data from the
Mmicroprocessor.

Expansion Bus Cycle

The processor has a 4 bit expansion bus. The
PROG line is used to clock data on the P20-P23
lines. The P20-P23 lines contain address data on
the high to low transition of the PROG line. De-
pending on the address, the P20-P23 lines the in-
put or cutput data an the low to high transition of
the PROG line.

Program Read Cycle

The processor needs to read program instruc-
tions from the ePROM. The 8 lines on the DB con-
tain an address when the ALE is high. This data is
latched into ID2. When PSEN goes iow the
ePROM gets 4 additional address lines from sig-
nal P20 through P23 and a 5th from P17. The
ePROM outputs the eight bit code from the proper
ePROM to the microprocessor. The micro-
processor then executes the instructions.

For further microprocessor information, refer
to Intel Publication “MCS-48 Microcomputer
User's Manual.”
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CIRCUIT DESCRIPTION

Time Base Generation

The 150C uses a precision 50MHz standard to
measure very accurately in a short period of time
the frequency of an unknown input.

The circuitry in Figure 5-15 uses an internal
oscillator or an external standard to generate a
phase locked 50MHz standard. A free running
50MHz voltage controlled oscillator is reduced
down to 10MHz which is the internal crystal
oscillator's frequency by IB8. The signal phases
are compared by IB2.

The internal oscillator has a crystal with a
50°C controiled ambient temperature. The
oscillator has a varicap to permit DC voltage con-
trol (back panel adjustment) of the osciliator’s fre-
quency. The XTBE (external time base enable)
selects which signal is compared to the divided
50MHz standard. if XTBE is low the internal
10MHz standard and the divided by five 50MHz
standard are the inputs to the phase comparator.
Iif XTBE is high the external signal and an ap-
propriately divided 50MHz signal are input to the
phase comparator.

The programming voltage to the 50MHz LC
oscillator is compared by a [evel comparator toin-
sure the signal is in a valid range. The signal TBL
is high when the control voltage is proper.

The external standard buffer amplifier output
is input to a level comparator to generate signal
XTB. When XTB is high, the signal indicates the
external standard input is at a useful signal level.

Period Counter and Remote Interface

The 150C uses a circuit to count simul-
taneously a S0MHz reference and the unknown for
an approximately 200mSec gate time. The up-
known frequency count divided by 2 times the
50MHz count times 10° gives the result in frequen-
cy. With a count period of 200mSec, the unknown
count will be approximately 10 million giving a
resolution of one part in 10 million.

The pericd counter (Figure 5-16) can select a
low frequency TTL level or a high speed differen-
tial input for the unknown input {ID10, IF1). The
microprocessor through IF4 sets the J input (IF5)
high, and the next high to low transition of the
unknown starts the counter. The counter IFg, IF7
and IF12 count the unknown. The 50MHz starts
the same time as the unknown and is counted by
IF9, IF10 and IF12. When 50 counts are counted by
the microprocessor, output 2 of IF12 to RC of ID1,
the J input of IF5 is set low. The counting is
stopped on the next high to low transition of the
unknown. The microprocessor loads the counts
via the data bus and performs the necessary divi-
sion to then display the frequency of the un-
known. All counting is done in BCD.

The counter control circuit IF4 also performs
the interface to the 2000A/B Printer Processor or
the keyboard.

Power Supply

The 150C uses a switching regulator operating
at nearly 5 to 20 KHz. The suppiy is capable of
operating from an AC input of 100v to 260VAC and
50 or 60Hz. The range is covered without any
switching. See Figure 5-17.

The line is isolated by TG1. The output of TG
goes to a full wave rectifier and filter network to
generate an unregulated DC voltage from 17 to 70
volts DC. The unregulated DC voltage is coupled
through fuse FC1 to the balance of the supply cir-
cuits.

The unregulated DC voltage is switched through
IC1 into transformer TCH. IC1 is switched on and off
by the regulator control circuit to hold the 5 volt out-
put constant. The regulator control is powered by
the low voltage supply. If the 5 volt supply goes out
of range, the overvoltaged detect circuit fires and
opens FC1 to protect the 150C circuit.

The balance of the supply voliages is derived
from windings on TC1. These windings generate
unregulated DC voitages which are regulated with
3 terminal IC regulators to the desired value.
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CIRCUIT DESCRIPTION

The windings are picked to permit only 1.5 to 3
volt drop across each regulator.

Because of the switching regulator design, the
150C supply dissipation doesn’t vary appreciably
with line variation.

Analog Frequency Output

The analog frequency output circuit permits
the microprocessor to generate an analog output
signal from a digital value. The circuit, Figure
5-18, uses a sample and hold circuit to hold a
selected value of a ramp waveform as a constant
level output. The microprocessor varies the ramp
time to arrive at different output voltages.

The sequence starts by SC-SHD set low. The
integrated signal begins to rise. At a time set by
the value in the microprocessor, the SHGC goes
high and the sample hold circuit output very brief-
ly follows the integrated signal. The SHC line

goes low and the output remains fixed; the SC-
SHD signal goes high discharging the integrated
signal; therefore, the process is ready to start all
over again.

Display Circuit

The display circuit is a static display. Each
digit (see Figure 5-19A} consists of an IC latch
decode driver and LED digit. Four bits of data are
latched into the IC, decoded into a 7 segment
display and drives a constant current into the
display.

Eight individual digits, Figure 5-19B, have the 4
input data lines all connected together. The 1 0f 8
decoder selects a particular digit to latch the data
into. The microprocessor selects each display
digit until the display is reloaded. The data lines
to the digits and the 1 of 8 decoder also drives the
decimal point. The decimal points look steady to
the user since the display time is many times
larger than the display load time.

Band-Switch Band Switch
ID7 S 108 Output
5MHz —{ Clock Mode Switch
Program SD2 Program i
Interface Interface | } Control Signals
488 Data Bus to Analog Logic
Address Board
sSD3
Microprocesser > SB=Small Bus
"> AB = Address Bus
D1
Miscellaneous (— 8 bit eProm [
Peripheral —¢Pix ALE | address D3
Enable Signals \— Latch .
DATA @ CS
BUS 102
~> e Prom :
14

RD PSEN CS
WR Cs

> RAM [

D5, 6
> DB =Data Bus

FIGURE 5-13. MICROPROCESSOR SIMPLIFIED PROGRAM
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CIRCUIT DESCRIPTION

P | ] | I ] | | [ | I ] I | | | I
Timing Cycle S1 S2 S3 S4 S5 S1 S2 S3 S4 S5 S1 S2 S3 S4 S5
. Decode Decode Decode
Processor Function Input Execute Input Execute Input Execute
Inst. Inst. Inst.

ALE (Address Latch enable) —

PSEN (Program Store enable)

RD or WR if needed

Program if needed

P20-P23 Addressy pata |n—Out {|  ROM Address
Code

\ N . s
v v v

1st cycle 2nd cycle 3rd cycle

Each timing cycle is 600n sec (3 cycles per instruction)

FIGURE 5-14. MICROPROCESSOR TIMING SIGNALS

XTBE
(External Time Base Enable) X
——— Programming Yoltage
Internal 181
M 50MHz
10MHz Standard a | Phase ‘ LC Voltage
QB1 thru QB4 B Comparator Control Oscillator SOMHz
I———— —{B\ t | TTL Signal
i 162 IB4, 1B5
External o
Standard Butfer |
Input Amplifier e
X
e
r
10MHz | =5
l IBG
S
E SMHz | ~2
E 186
c 5 MHz Timing
T
Level 1MHz | =~
Comparator TBL E IB7
B3 {Time Base Lock] ¥
500KHz | ..
s 187
Level -[I;
Comparator 1,......%XTB 100KHz | =
83 (External Time Base) v IB8
A
L 50KHz | =2
u O
E B8
~

FIGURE 5-15. MHz PRECISION STANDARD GENERATION
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CIRCUIT DESCRIPTION

LS! Counter

Unknown
I'EOW Counter frequency IF12
red. —= Select =10 =10
Input Multiplexer _DO— \F7 - In0
Diff. 10000
High Freq.—s — U U Qut 0
Input D10, tF1 JKFF |:
IF5 Tri State Buffer In 1
¢ IF8
<+ 10000
Counter K Data
Control Bus
IF4
o Dat
SBj XTBE Control Bi:
[~f—TBL
——PROG g— XTB
Known
50MHz _;D?— |+F190 - |T=:I|8 In2 Out 2—3 Frequency
Standard =1000 Output
Interface For Tri State Buffer
— 2000A/B IF11
— or
Keyboard Option Data
Bus
FIGURE 5-16. PERIOD COUNTER AND REMOTE INTERFACE
TG Unregulated FCi Overcurrent High
DC Supply e Detect Current o1
itch
CCi, CC2 Qca 1C1
+ +5 volis
Low I
Voltage Regulator Control I‘-"-'s
Supply | ot ¥
DCz Ic2, ac4, pes R\;;!:Iaagtzr 15
CC5, RC8 _l_"' v
oaz + | ics +
l _I_ . cc14I j_ cCl5
Over voltage
Detect pca Fl\;gl:?agtzr
0 —-15
RGi1, RC12, Ic3 __T__ Y
DC3, RC13 ccm:[:*- -lIccn
Qcs = E3 J:‘ =
'=|' DCS Voltage
Regulator -5y

IC4

cc121 l

cc13

FIGURE 5-17. POWER SUPPLY CIRCUIT
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CIRCUIT DESCRIPTION

+15V
Constant SHC
Current | | 4egrated
Signal
QG2
% Gain=2
Open Switch J_ Sample Hold Circuit |——— Analog F
Signal low > IG1,RG3,RG4,CG4 Output
to generate \ QG ICGS
the new output -_l.- =
Varied Time
By Processor Control
SC-SHD —3“ >4|___
Integrated___,,//_l—
Signal
SHC 1

FIGURE 5-18. ANALOG FREQUENCY OUTPUT OPTION

A) B
Individual Querall
Digit Display
bits
Lateh control
DISPLAY 1ofd
INTERFACE decoder
DATA
LATGH
DECODER DRIVER __| K \/ \/
. 1A8 - PROG - ]
W Se-ven .Segmem — - 8 DIGIT DISPLA -
Drive line — 1A1 1A2 1A3 1A4 A5 A6 1A7 1A8
1A10
DIGIT SB p DA1 DAZ2 DA3 DA4 DAS DA& DAY DAS
DAS 1a17
Front
l — Pane!
B Switches
SA1 SA2
SA3

FIGURE 5-19. DISPLAY CIRCUIT
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SECTION 6
MAINTENANCE, CALIBRATION AND REPAIR

The calibration procedure, as weill as the
checkout procedure to ensure the 150C is
calibrated, is covered in this section. The only
maintenance required for the 150C is to ensure
the two air variable capacitors do not get ex-
cessively filled with lint which could entrap metal
particles and short out the capacitors. The 150C
repair is alsc covered in this section.

CALIBRATION CHECK P
The calibration check is a simple checkout
procedure to ensure the 150C is operating within

the specifications.

Equipment Required:

7B pFx2% Capacitor

10Q

50Q
100Q Non-inductive
200Q 1% Resistors
500Q

Frequency standard 1V p-p (Accuracy better
than 1 part per miilion.)

COUNTER STANDARD CHECK

The external standard will be driven into the
crystal under test oscillator input and the external
standard will be counted on the internal counter.

The 150C should be operating in local mode on in-
ternai standard.

1. Insert the 50-Q test resistor in the crystal
under test socket.
Set the power setting for 500 pW.
Set frequency to the standard frequency.
Remove 50-Q resistor.
Connect the external standard to 150C.
Connect shield to the front panel Banana
Jack. Connect the signal lead to crystal

under test left-side pin (J7-1) through a
1-kQ resistor.

oA e

L 6. If the external standard is of sufficient
amplitude, the 150C counter will read the
standard frequency. The unit should be
within a =0.5 ppm to be in specification.

If the unit is not within specification, see the
Internal Standard Calibration section.

CAPACITANCE METER CHECK

The capacitance meter will be checked by
measuring a precision capacitor.

The 150C should be in local mode operating
on either the internal or an external frequency
standard.

1. Depress C; switch and adjust Series
o Capacitor for a display reading—
000025.00.
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2. Insert the\";'S QF(I‘GCISIOH capamtor |Jnto

the crysta[ under test socket.

3. Depress Gy and display should read be-
} tween—
0000098.0 and 0000102.0

If the unit is not within specification, see the
Capacitance Meter Calibration section.

RESISTANCE CHECK

The resistance will be checked by measuring
precision resistors at 5 MHz and 500 uW of power.

The 150C should be on local mode and operating
on either the internal or on an external standard.

1. Insert the 100-2 test resistor in crystal un-

der test socket. Adjust power for 500 uW.
Set frequency to = 5 MHz.

2. Insert each precision test resistor into
the crystal under test socket. Depress R
switch and read resistance. If the results
are not within the tolerances indicaied,

& . see the Resistance Calibration section.

PRSI & Precision
coa i Resistor Lower Upper
3 oo Vailue Limit Limit
)T 100 00000009 00000011
- y (S 50 00000046 00000054
c‘_ L : xef’ K 100 00000023 00000107
" Sy ¥ U‘eﬁ" . 200 00000178 00000222
{:?‘;' 4.,9“ =% 500 00000472 00000528
l;“'@'-" c = 3. Insert 100-Q resistor in socket and vary
S W g power from minimum to maximum while
;Ja”\ simultaneously depressing the R switch.

The resistance should not vary outside of
range of 00000093 through 00000107. If
the variation exceeds the limits, then
refer to the Resistance Calibration sec-
tion.

POWER CHECK

The power setting will be checked by operat-
ing the 150C on a resistor. The voltage driving the
resistor will be measured with a RF volimeter to
check the power setting accuracy.

use Repnvteh qu. whFn [ rdram in vt d
sl F—{:}u\ .;‘- =
The 150C should be on local mode and op-

iera’ung on either the internal or an exiernal stan-
Qard.

1. Remove crystal under fest socket from
150C.

2. Install 100-Q test resistor between Pin 1
and Pin 3 of J7.

Set power to 2000 W and frequency to
=5 MHz.

4. Measure RF voltage between Pin 2 and
Pin 3 of J7 and the value should be be-
tween 0.55 and 0.59 volts.

If the unit is not within specification, see the
Power Calibration section.

CALIBRATE

The following procedures describe the nec-
essary steps to calibrate the 150C. Allow 30
minutes of warm up prior to performing any
calibration.

Equipment Required:

75 pFx1% Capacitor
10Q
50Q
© 1002 Non-Inductive
200Q 1% Resistors
500@

1 MHz frequency standard 1 V p-p (Ac
curacy better than 1 part per million.)
Refer to Figure 8-1 and 2.

ADJUST COUNTER STANDARD

The external standard will be driven into the
crystal under test oscillator input and the external
standard will be counted on the internal counter.
The 150C should be operating in local mode on in-
ternal standard.

1. Remove the 150C top. cover

2. Insert the 50-Q test resistor in the crystal
under test socket.

3. Set the power setting for 500 pW.

6-2
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MAINTENANCE, CALIBRATION AND REPAIR

4. Set frequency to that of the external fre-
quency standard.

5. Remove 50-Q resistor.

6. Connect external standard to 150C. Con-
nect shield to the front panel Banana
Jack. Connect the signal lead to crystal
under test left-side pin (J7-1) through a
1-kQ resistor.

7. It the external standard is of sufficient
amplitude, the 150C counter will read the
standards of frequency.

8. Adjust reading by rotating capacitor
CB23 (Figure 6-1). Set the standard io
within =0.2ppm.

9. Replace the 150C top cover.

10. The internal standard is now calibrated.

CAPACITANCE METER CALIBRATION

The capacitance meter will be calibrated by
adjusting two internal trimmer capacitors until
the 150C will properly measure a precision
capacitor.

The 150C bottom should be removed and the
unit should be operated on its left side.

CAUTION

The rear panel has power line voltage exposed.

The 150C should be in local mode operating
on either the internal or an external frequency
standard.

1. Depress C; switch and adjust Series
' Capacitor for a display reading—
000025.00

2. Insert the 75 pF precision capacitor into
the crystal under test socket.

3. Depress C; switch and read display. To
be within specification the display
should read between (000098.0 and

0000102.0. The unit should be adjusted to
within 0.1 pF or a display reading of
0000092.9 and 0000100.1.

4. With Cy NOT depressed, adjust the ca-
pacitance meter's measurement oscilla-
tor trimmer (OC92). Add capacitance if
the reading was high and remove
capacitance if the reading was low.
Simultaneously adjust the reference
oscillator trimmer {OC91). Adjust the
capacitor (OC81) to maintain the voltage
on TP6 at 3.0 volts DC. (OC91 sets lock or
capture range of reference oscillator to
be centered about measurement oscil-
lator frequency.) NGTE: If the reference
oscillator is adjusted too far, large
amplitude AC waveform will occur at
TP6. The frequency is the difference fre-
quency between the two oscillators. Ad-
just for 3.0 volts DC.

5. Repeat steps 1 through 4 until step 3
reads within £0.1 pF. When step 3 is cor-
rect the unit is properly catibrated.

6. Replace bottom of 150C.

ANALOG COMPUTATION CIRCUIT
CALIBRATION

The peak detectors and analog computation
circuits are set in this step.

1. Remove the bottom cover of the 150C.
2. Operate the unit on its side,

CAUTION

The back panel has power line voltage exposed

3. Place a short across the AGC capac-
itor {OC34). Short test socket Pin J7-1, 2,
and 3.

4. Adjust current detector offset adjust
potentiometer (OR52) until TP8 is less
than 500 nV.
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10.

11.

12.

13.

14,

Adjust the offset potentiometer {OR6&7) of
the voltage detector until TP5 is less than
500 uVv.

Remove test socket short and the short
across the AGC capacitor (0C34).

Place the 100-2 test resistor in the test
socket {J7-1 and 3). Set the 150C to
operate at =5 MHz.

Set the front panel power set poten-
tiometer for a power setting of 2000 uW.

Adjust OR23 for a voltage of 0.568 volts
RMS measured between Pin J7-3 and
ground J7-2.

Vary power setting to minimum and ad-
just power multiplier offset adjust OR22
to keep 150C oscillating.

Insert 500-Q test resistor in the test
socket (J7-1 and 3). Adjust the Power Set
potentiometer between minimum and
maximum power {point where AGC error
just occurs, then lower setting by 200
uW). When varying power, depress R
switch and note resistance variations at
high and low power. Set low power set-
ting equal to the value at the high power
setting by adjusting the denominator off-
set potentiometer {OCR16). Repeat the se-
quence until best results are obtained.
(Variation typically less than 109).

Insert 10-Q test resistor in the test socket
{J7-1 and 3). Adjust the Power Set poten-
iiomeier between minimum and max-
imum power (point where AGC power

just occurs, then lower setting by 200 -

uW). When varying power, depress R
switch and note resistance variations at
high and low power, Set tow power set-
ting equatl to the value at the high power
setting by adjusting the numerator offset
potentiometer (OR17). Repeat this se-
quence until best results are obtained.
(Variation typically less than 1Q).

Repeat steps 11 and 12 until best results
are obtained (typically twice through pro-
cedure is sufficient).

Adjust Power Set potentiometer for a set-
ting of 500 LW with the 500-2 test resistor
in the test socket (J7-1 and 3).

16.

16.

18.

19.
20.

Depress R switch and adjust the divider
constant input (OR15) for a reading on
the display of 0000500.0+1.0 count
(5009Q). The 500-Q resistor is in the test
socket.

Insert the 10-Q test resistor in the test
socket (J7-1 and 3). Depress the R switch
and adjust the voltage across crystal and
current sense resistor detector gain
(OR57) for a display of 0000010.0+0.3
count (109Q).

Repeat steps 15 and 16 for best overall
results.

Insert each precision test resistor into
the crystal under test socket. Depress R
switch and read resistance. The resulis
should be within limits indicated. Steps
15 and 16 may be repeated o optimize
results. NOTE: If results are not satisfac-
fory, the divider (OI6} or either peak
detector circuit could be defective.

Precision
Resistor Lower Upper
Value Limit Limit
10 0000009.5 0000010.5
50 0000046.0 0000054.0
100 0000093.0 0000107.0
200 0000178.0 0000222.0
500 0000472.0 0000528.0

Repeat steps 7, 8 and 9.

Vary power setting to minimum and ad-
just power multiplier offset adjust to just
keep 1530C oscillating (OR22). Replace
bottom cover and install crystal socket in
front panel.

The 150C is now calibrated for resistance and

power.

REPAIR
The repair of the 150C can be very difficult

without the proper

digital test equipment.

Saunders and Associates, Inc. offers a printed cir-
cuit board exchange program at a nominal charge
to facilitate rapid repair.

UNIT HAS NO DISPLAY (Display Off)

The fuses should be checked. The back panel
fuse Figure 6-1 {FGI) provides protection for the
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line power connection. The fuse is a ¥ A Slow
Blow type. The fuse FCI internal to the 150C
(remove top cover with 150C disconnected from
the power line) should be checked. The fuseis a6
AMP standard type fuse. The internal fuse can be
blown by two means; a) internal circuit over cur-
rent demand; b) 5 volt supply voltage exceeding
typically 6.5 volts. If FCl is replaced, the internal
supply voltages should be checked to ensure
proper operation.

150C POWER SUPPLY CHECKS

The 150C power supply can be checked for
proper operation. Use pin J4-18 for a reference

Pin or Voltage DC

Component Min. Max.
FC—1 +17 +75
J4—28 —15.1 —-14.2
J4—17 —5.3 —4.7
J4—16 4.7 53
Ja—27 14.2 15.8
IC2—Pin 14 10.5 121

UNIT DOESN’T RESPOND TO ANY USER
CONTROLS OR REMOTE CONTROL

The 150C uses a power on reset to initialize
the microprocessor. The 150C can improperly re-
start on severe line transients or power failures.
The 150C shouid be disconnected from the iine
and then reconnected to perform a reset.

If a reset doesn’t restart the circuit, the clock
generator shouid be checked. The signal on pin 12
of IB6 should be checked for 10MHz and a 20%
duty cycle. This ensures the 50MHz oscillator is
operating. The signal on IB6 pin 5 should be 5SMHz
and a 50% duty cycle. To ensure the micro-
processor has proper clock generation, check pin
1 of IB3 which should be a high level (3 volts)
which indicates the 150C has valid lock to a fre-
guency standard.

If problems still exist, iry reseating the
ePROMS (ID3 and 1D4} with the power off. Then
repower'and check operation.

Check pin 9 of the processor for a clocking
signal of a period of 3uSec. This indicates the
microprocessor is cycling through its sequence
correctly.

If further help is needed, please contact the
factory or factory representative.

REMOVAL OF
PRINTED CIRCUIT BOARDS

The following sequence lists how to remove
the basic assemblies from the 150C chassis.
Disassemble unit AFTER removing the line power.

A} Remove two screws on the top and bot-
tom covers to expose the printed circuit
cards.

B) Remove four back panel screws and pull
the back panel from the unit. The unit will
contain an interconnect PCB, frans-
former and interface connector (See
‘Figure 8-8).

C) Remove the 3 front panel knobs. The
knobs have a cover which must be pried
off to expose the screw which holds
them to the shaft (Figure 6-2).

D) Remove the nut from the Band Switch.

Switch exposed on the front panel.

E) Slide the two circuit boards out simul-
taneously from the back of the 150C
chassis.

The boards are held together with a 45
pin connector. The boards can be sep-
arated after removal from the 150C
chassis.

F)} The display bcard can be removed by
removing the nut on the Gy, Fp and R
switches protruding through the 150C
front panel. Push the board toward the
back and remove. The 150C is now fully
disassembled. Reverse the sequence to
assemble.
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FIGURE &-2.

PRY CAP OFF OF KNOBS TO EXPOSE SCREW WHICH LOCKS KNOB
TO SHAFT. INSERT KNIFE UNDER CAP AND PRY OFF AS IN (B).
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SECTION 7

FREQUENCY STANDARD, IEEE 488 BUS
AND REMOTE INTERFACE

The use of the Remote Interface connectors

on the 150C is covered in this section. The crystai
under test interface is also covered.

The selection of the external frequency stan-
dard is covered.

CRYSTAL UNDER TEST INTERFACE
SOCKET

The crystal under test socket (Figure 7-1) pro-
vides the connection between the analog circuit
board to the front panel test fixtures. The connec-
tor (J7) allows for easy modification or replace-
ment of the crystal under test fixture.

The 150C socket assembly uses the pin J7-2
connected to the socket shield to minimize noise
and stray signal pickup in the crystal under test
socket. For most testing the crystal under test
enclosure should be grounded to J7-2.

REMOTE CONTROL INTERFACE

The Remote Control Interface (Figure 7-2 and
7-3) allows for remote readout and control of the
150C. The connector is an Amphenol Part No.
57-30140 Micre Ribbon Connector.

The Remote Control Input is specifically de-
signed to interface the Saunders and Associates
2000A/B Printer Processor. Refer to the 2000A/B
manual for description of interface. The 150C ex-
ternal interface is not practical for general pur-
pose /O of the 150C.

The Remote Control Input is disabled when in-
terfacing Option 003 Keybeard. If the 150C has
Option 003 the 2000A/B Printer Processor inter-
face is disabled unless specifically requested.
Refer to the Cl Meter Keyboard Manual for the in-
terface specifications.

IEEE 488 BUS INTERFACE

The option 001 IEEE 488 bus interface is a digit
serial bit parallel universal test equipment input-
output bus. The details are covered in the
Saunders and Associates Crystal Impedance
Meter 488 Data Bus Interface Manual.

EXTERNAL FREQUENCY STANDARD

The external frequency standard is input
through the Remote Control Interface Connector
Amphenal Part No. 57-30140 Micro Ribbon Con-
nector, or BNC Connector see Figure 7-2 and 7-3.

The external standard will automatically
enable if greater than the minimum amplitude and
within £ 200PPM of the nominal frequency value.

The 150C can be used with any of several stan-
dard frequencies. The unit can be ordered with
any of the possible values specified or the unit
can be easily modified. There are one of several
resistors which must be installed to select the
proper frequency. Refer to Figure 83 and Figure
8-5. Only one resistor of RB38 through RB43
should be installed. The resistor is a 4.7Q V4 watt
carbon composition or carbon fitm resistor.

The undesired resistor can be cut out and the
new one soldered in from the top of the board
without disassembling the unit.

The following chart indicates the resistor to in-
stall for the particular external standard.

RB38 10MHz
RB39 5MHz
RB40 1MHz
RB41 500KHz
RB42 100KHz
RB43 50KHz
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FREQUENCY STANDARD, IEEE 488 BUS AND REMOTE INTERFACE

CRYSTAL UNDER TEST (TERMINATED SIDE}

CRYSTAL UNDER TEST {DRIVEN SIDE)

RF GROUND

i

1. Terminated side of the crystal under test,
2. RF Ground (used if crystal socket is to be grounded).
3. Driven side of crystal under test.

FIGURE 7-1. CRYSTAL UNDER TEST INTERFACE SQCKET (J7)
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FREQUENCY STANDARD, IEEE 488 BUS AND REMOTE INTERFACE

EXTERNAL FREQUENCY
STANDARD INPUT

IEEE438 BUS

IO PORY

- SAUNDERS AND ASSOC INC.
SCOTTSDALE. ARIZONA U.5.A.

FIGURE 7-2. BACK PANEL
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FREQUENCY STANDARD, IEEE 488 BUS AND REMOTE INTERFACE

ANALOG RESISTANCE OUTPUT
REMOTE FUNCTION (2%) CONTROL INPUT
ANALOG FREQUENCY OUTPUT (opt. 002)
DATA GUT 20

DATA OUT 21

EXTERNAL STANDARD COMMON
EXTERNAL STANDARD INPUT

All interface levels are TTL-compatible
unless noted otherwise (*).

Pin Function
2 Interface Ground
11 201 [
10 214 | Digit Strobe
S
6 23
4 Remote Digit Strobe
1 Remote Enable

—

S~

Data Interface

REMOTE FUNCTION (22) CONTROL INPUT
DATA OUT 23

DATA OUT 22

REMOTE DIGIT STROBE

REMOTE FUNCTION (20} CONTROL INPUT
GROUND

REMOTE ENABLE

“1” = Digit Value Complemented

“0” = Digit Number Complemented

Clocks data out

“1” =Internal Control (Front Panel Controls Enabled.)

“(”’ = External Control (All functions must be set
remotely and digit control must be done
external to the 150C.))

Remote Functional Control

FIGURE 7-3. REMOTE INTERFACE CONNECTOR (J3)
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FREQUENCY STANDARD, IEEE 488 BUS AND REMOTE INTERFACE

J§53 JZ'P "g{" FUNCTION
1 1 0 Power
0 0 1 Cy
1 0 1 R
0 1 1 Fp
1 1 1 Fg
9 External standard common.
12 Frequency Deviation Quiput {option 002} typically 1 volt per
100 ppm.
8 External standard input
0.3 V p-p to 10 V p-p Sine or square waves
14 Analog Resistance Qutput—Analog Voltage of crystal under

test resistance. Vaiid in ali operating modes 1, 2,3 and 9, A, B.

For Option Scale Factor
STD 0.1 volt/1KR2
004L 1 volt/1KQ
004H 0.01 volt/KQ

FIGURE 7-3. (continued) 150C REMOTE INTERFACE CONNECTOR (J3)
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SECTION 8
150C SCHEMATICS AND PARTS LIST

Section 8 covers the schematics of the 150C
circuitry and part position photos of the parts in
the 150C assembly. Also included are listings of
the paris used and a list of manufacturers who
can supply the parts.

SCHEMATICS

The schematics and parts layout for the 150C
are shown in Figures 8-1 through 8-12. Figure 8-1
shows the parts position and Figure 8-2 shows the
schematic of the Analog measurement circuit board.

Figure 8-3 shows the parts position with
Figures 84 through 87 and Figure 8-9 showing
the schematic of the microprocessor, counter and
control logic.

Figures 8-8, 8-9 and 8-10 show the parts posi-
tion and schematic respectively of the back panel.

Figures 8-11 and 8-12 show the display circuit
board and the schematic.

PARTS LIST

The parts and the schematic identifiers are
shown in Figures 8-13 through 8-16. The chassis
assembly parts are shown in Figure 8-17.

Several parts are subassemblies. Figure 8-18
shows the several chassis parts with the painted
and unpainted part numbers.

The coil assembiies with the inductance vaiue
and winding specifications are shown in Figure
8-19.

Figures 8-20 and 8-21 show the parts which are
added to the Control Logic Beard and the Back
Panel respectively for the IEEE 488 Data Bus Op-
tion. These parts are not included in the assembly
if the 488 Bus Option was not ordered.
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FIGURE &-1. PARTS LOCATION ON THE ANALOG CRYSTAL MEASUREMENT CIRCUIT BOARD.
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FIGURE 8-3. REPEATED
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FIGURE 8-3. REPEATED
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e
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FIGURE 8-13. PARTS USED ON THE ANALOG MEASUREMENT CIRCUIT BOARD
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IE0E DI METER
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T
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FIGURE 8-13. CONTINUED
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PARTS LIST

1S0R 0T METER ANALOS BCOARD
BULL 202

o CATEGORY  DESCRIFTION SEL FART #

(AL LB IR VAR A aOFF P ﬁﬁ{ﬁﬁﬂﬁ
[N AT Ceramic Fix  JOIUF SOV
e Ceramic Fix 0L WQUDE
CAF Ceramic Fix &A700FFEHVIC
Aar Coramic Fis Q,UUPT._
AL MY 0 =% ZOF
CeF MICA =Y ’HFP
als Ceramic Fix  JQLUF SOV
ATy Coramic iz L OTUF SOV
l_!l_ 1t H i Ceramisc Fix AZDOFFEIEVI
RS 8 M A T Ceramic Fix 4700PFZEVTI
1oz AR Tarntalum LR O
04 AP Tamntatum Y B TR I S AT
oo AP Coramic Fix  AT7UFML S0V
Ool0s TAP Ceramic Fix o OLLUF 30V0C
2107 AR Ceramic Fix O 3OV
Q10w AR Ceramic Fix OLIHLF S0
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FIGURE 8-13. CONTINUED
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ORzz2
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05
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ARY
AEY
ARY
ARy
AEY
TN
ARY

mEM
=M
SEM
SEM
SEM
=EM
SHEM
SEM
SEM
=EM
SEM
SEM
SEM
SEM
SEM

RE=
RES
REZD
RES
RES
e i £
RES
RES
RES
BES
RES
RES
RES
REZ
RES
RES
RES
RES
RES
RES
RES
RES
RES
RES

LMD
BN
WILINTG
WIOLFNT
LIEH MDD
WEETLIC
WELIND

TiNTY
INT}
TR
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T
TOR
TN

TRANSITSTOR
TEANS T STOR
TRANSISTOR
TRAMNSTSTOR
TRANSTSTOR
TRAMNSTSTOR
TRANSISTOR
TRANSTSTOGR
FET

FET
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TRANSISTOR
TRANS TETOR
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15

:E.QHH LL
2R 00 o
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]
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i
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0 et
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)
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OO0
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IR RN

I
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[

L

i
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DESCRIFTION

BOART

Q.O?HuH Tor.
14.2% uH
14,25 uH

17.5 uH
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T 1. O0MH

2 ELH
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FNF
M
NFN
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FIF
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JFET
SEET
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MEN
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VHF-TATY
ALY DOFED
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FIGURE 8-13. CONTINUED
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1S0E O METER ANALOG BOARD
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DR=E
QR
R40
R4 1
FR4Z
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DR44
R4S
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OREZ
ORSS
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LRSS
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DRGY
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OREed
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ORAY
DOR7O
R7 1
OR72

CATEGORY

—~——fat
RES
RES
RES
RES
RE=Z
RES
RES
RES
REZ
RES
RE=
RES
RES
RES
RES
RES
RES
REZ
RES
RES
RES
RES
RES
RE=
RE=
RES
RES
RES
RES
RES
RE%=
RES
RE%
RES
REZ
RES
REZ
RES
RES
RES
RES
RES
RES
RES
RES
RES
RESZ

Hzad
100 O
4700 0
100, QR0
14, QK
&HE0 1
10, O
IOk
10, 0RO
AT00 0
10, 0D
ER0, 00
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100, GO
AR A
10,080
1D, GED
27 . aK0
I, Ok
4700 0
FEOOOO
AE00 O
2. 0KED
1000 0
120 1
1000 I
Sé, QRO
Misc.
4700
4700 11
TEOD 0
2200 0
Misec.
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S200 0
2200 0O
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1000 0
TaL DD
Misc.
20 0
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1000 O
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FIGURE 8-13. CONTINUED
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174U
1740
i /4
174u
174U
174U
1740
1/ 44k
1/ 44
1740
1/8W
1/4W
1744
174U
1/4W
1744
174U
1/44)
174
174
1744
1/44)
1744
1740
1/4W
1740
10k
1/ 44
1 /44
1/
1744
10k
174U
1740
1740
1/4W
3 /AW
174U
1/74W
178U
i/au
10K
1/74W
1/4W
1/4W
174U
1744

STl

7O i L in

3%
20T POT
by
=
Y4
Sy

20T POT

LA FART #

1210005
13247005
1510005
1410005
1268005
1410005
1410005
1247005
1410005
1BZZ005
1510005
1510005
1427005
1410005
141000%
1427005
14329005
124700
1322005
132200%
1412005
13100605
1212005
12310005

1221001
1347005
1 R4AT70O05
LI32z005
1322005
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1322005
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1247005
1427005
14232005
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1454005
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1310005
13189005
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PARTS LIST

150B O METER ANALCG
BILL12GE

I CATEGORY DRSO

OR73 RES 12.0 0
NR74 RES A47.0 0O
R75 RES 470 0
OR7 4 et e

COR77 RES ARl AN
OR7E RES 100 0
COR7% REZ 100 0
aRzo RES 100 0
ORS: Fek= 100 O
oRaz RES 100 0O
[RE3 RES 100 O
DR=Z4 RES w7 OED
DORES FES TIOO N
CIFEE RES BTO0
OR=7 RES 130
{IR=3 RED 180
CRaw RES
LR RE= 1000
IR ] RES 22 0K
AR RES 22, 0k0
R RES 15, QRO
R4 REZ 15. OFG
ORTS RES 220, 0k
CHR R RE% 2E0 ORI
DR®7 RES 20, ORG
ORwE RES 220 . QKD
R RE= 1000 3
QR10D RES 100, OGO
nR101  RES 2200 0
OR1OZ2 RES 10, 0KD
RO RES 0.0 O
OR104 RES 10.08D
ORiOSs  RES 10.0 0
dRi0s RES &HEC O
OR1IO7  RES 1000 G
OR1O08 RESD 470 0O
OR10% REZ jO00 0
Rii0 RES 10.0 0
bR1L1I RES 10.0 0
MR112 RE=S 10,0
OR113 RES 270
ORi1t4 RES 270
OR11%S RES 47,6
oR114 REES 47.0
OR117 RES 100G, Ok
HR113 RES 27.0 1
OR11% RES 47.0 0O
OR120 RES 3.0 0

b IR IS

B
~}
>
[ |

3 % i

[ n

BOARD

RIFTION

174
1/4W
1744

1744
1/44W
1744
174K

174K

1/74W
1744
1744

1740

174K
1/4W
1744
1/74W

C 174K

1744
1/44
i/ 4N
1740
174W
i/744
i74W
1/44
1744
1/4W
1/4W
1/74W
1744
1744
1744
1744
1/74W
1744
i/74W
1/74W
1/74W
1/44

> 1744

174W
1/4W
1/74W
1/4W
174U
1/74W
1744

2%
%
%
oy 4
574
=
o
S
10%
54

A

SEA PART #

1112005
1147005
1247005

TA4Z7005
12100605
12100050
1210005
1210005

14Z7005
PIDTR0OD
005
OO
1213005
12470405
1210005
1422005
1422005
14150035
1415005
1522005
1522005

ARZO00
1S22005
1210005
15100605
133005
1410005
1110005
1410005
1110005
12462005
132310005
1247005
1210005
11106005
1110005
1110005
1237005
1227005
1147005
1147005
1531000%
1127004
1147005
1132005

FIGURE 8-13. CONTINUED
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PARTS LIST

150F CF METER ANALOG

BILI_1308

In CATEGORY

ORIz RES
DR1LZE RES
R123 REZ
OR1Z24 RES
OR1ES RES
OR124  RES
OR127 REZ

=R
=LFE
=R

B 3
PR

i
£ W )

£yl SLP
ays S
= SR
ovya SF
ovys SE
Y& S
oY7 SR

FIGURE 8-13. CONTINUED

4700
470

R3]

D> I
RO
Mg in
TIET X

93]

MIZ:,
MIizC,
MLITS .
NUTE,

W I
(I I
1

]
oo

{
{1

O
RO

Ry

il

FART
FART
FART

ETLI
ETC

FC BOARD

MIG.
MISC.

ROARD

DESCRIFTION

1744
1744
1/4W
174
1744
1744
1744

L s O W | T I 1
P T

T
Ic
I

14F
14F
14F

oy i

iy O £

1.28 SHAFT
1.2 SHAFT
COURPLER

COUFLER

1508 BOTEBRDO
FIN HT SINE
FIN HT SINK

FART #

134700%
1247005
1247005

101141
A101147
A101143

HF 40000
&7 40000
H2P1501
A2100]
HOOZA04
LT 20000
A7 20000
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PARTS LIST

14071507140 DISELAY BOARD
BIL 1301

ID CATEGIRY DESCRIFTION SEA FPART #

(AN CAF Tantalum 2a2UF 20V SA000G0T

Dai
Az
2%
T34
AT
[ R4 T
a7
NTAT
njat
OALO
natt
LAl

TAal
Ias
Iaz
A4
1A%
Ias
a7
IAs
Ia%
IALO
TAll

JA
A
AR

RAl
RAZ
Rf
RA4
RAS
RAb
R&7
RAS
rA%
Ra1o
RAil
RALZ
RAILZ
RA14
RALS
Rals

=EM
=EM
SEM
=EM
HERM
SEM
SEM
SEM
SEM
SEM
SEM
HEM

I e
o o T o 20w T O e B A

SR
SLF
SLE

RES
RES
RES
RES
RES
RES
RES
RES
RE=
RES
RES
RES
RES
REZ
RE=
REZ=

LED
LED
LED
LETD
LET
LED
i.ED
LED
i.ED
LED
LED
LET

DIGITAL
DIGITAL
NIGITAL
DIGITAL
DIGITAL
DIGITAL
DIGITAL
DG TAL
TTI.

TTL

Misc.

ASEEM
ASSEM
AEEEM

]
i

it

b la e

i
|
L}
RN
3200
10,00
10, 0KD
14, OKED
10, Ok
120 0
10 0
120 O
10, Qk0

O 0

0 00 G B3 Dk D3 G
S O

o]

(TSRS YRR By RN

FIGURE 8-14. PARTS USED IN DISPLAY CIRCUIT ASSEMBLY

M=

PART
FarT
FART

(I
(i
o
co
o
[
e
[
oo
(M
i
co
[
co
I

7EEG
7SED
7EEG
7SEG
7ESEG
7EER
7REG
7SEG
FANE
FAME
PANE
FANE

7RG
TEEG
7EEG
TSEG
ToEG
7EEG
TESEG
7EEG
HEX

/2

1all

8!
FI
FI

Ly

174U
1744
1/44W
1740
174W
1744
1/4W
1740
1740
1744
1/74W
1744
1744
1 /44
174U
1740

DIZFLAY
DIZFLAY
OIZPLAY
OIzPLAY
OISPLAY
NISPLAY
DTSPLAY
DISFLAY
L LIGHT
L L IGHT
LOLTGHT
L. LIGHT

v
nEC
DEC
NEC
DEC
LEC
DEC
DEC
TNV
LECODER
N OINT

N BT
N ST
N o=

5%
by 4
5%
A
5%
o
=)
S3%
5%
o%
a%
Ewl
ox
s
o%
o%

SOQ7L42
BOO7342
SQO7 42
SOOT7342
5007342
SOO7342
SO07 347
BOOT7EA42
SOOS0ZS
BOOS025
TOOS025

SOOS02S

4714495
4214495
4214495
4214495
47214495
4214495
A714495
4714475
4100040
4122054
4703243

&1 10053
&H110052
41100320

AEARAEN

FI ROV R TE Y]

[ T ]
Pl B B PRI R R R
03 0}

ST

]

CEEO0S
1233005
1410005
1410005
1410005
141000%
1218005
1213005
1212005
1410005
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PARTS LIST

PR———

o g

LADAIS0/ 140 DISFLAY BOARD
BIiL 12014

TT CATEGORY  DESCRIFPTION SRA PART #
R3L7 RES LOLOKD D 1S4l
AR RES 10L0M0 00 1/40W
Rals RESD Lo, el 22 1 /40

141000

e G
o
el
Y
s,

"

e
o
A

S SNITOHES
=g SWiIToHES
= S SHITOHES

IPLIF Tou: HA0I010
1FLEFP TOG HAOT G
1FLIF oG EGDIO10

1 LF1 1F

=R FPaRT s L&
FERT TCE & dlaf
FORT I = iaf
FaRT ICS 5 i&P
PART o 5 14F
FERT 1aF
FPART

» ! |’r:l F‘
SSEM PART 1&p

ALOL 1AL
HIOT141
H101141
101141
10141

H101141

=L
SHiE
SiP
S
S
SUF
SR

N Y
T I N v IS S
fa Lol beb el e

- ped el P el e

YU G0 £ O Ui U

DR B

[
-

R

o
F
-
i~
fay

—~ -
I I
| -

S P BOARD
g2 aBY MIoC

CIM FRT FPCR SO05402
ERIN CONTACT 401317

1500 FRONT PANEL ASSEMBLY
BILL1E41

o CATEGORY DESCRIPTION SED FORT #

Fi P EMCCLDSURES 1500 DEC FRT 5004731

Fz
Y1
Y
Y
Y&
Y7
Y&
¥ &
Y1
Yil
Y1z
Y13
Y14

=
S
SLF
SR
L
S
S
SR
SLIF
S
SLIF
=R

=L

ENCLE OSURES
MLITS. ETE
MUITS, ETE
BT femtiRrs
ASSEM PART
BESEM FART
ASSEM FPART
ASTEM FaRT
EMCCLOSURES
NUT=, ETC
MUTS, ETO
NMUTES, ETC
MUTE, ETC

FIGURE 8-14, CONTINUED

1408/ 1S00SF
A4X1 /4 PANMHD
A4X1 /74 PANHD
B ZER BLOCK
GREIMD LG
FONEL RBLHSH
FAMEL BLESH
FONEL BLUSH
B BER CTRSHND
174 LocikWash
1/4 LocklWash
174 llockblash
/4 ocklWash

ABQ04T72
AEZA014
431 4
ELGORAN
H1IS0102
H1TQ1I50
L1E0150
£150150
ESO0ELY
EZPS000
AHZPERO00
L2000
LZ2PRO00
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PARTS LIST

BACK FANEL PCE FOR 129, 140, 150 BILL1421
In CATEGORY DESCRIFPTION S%A PART #
cC1 CAP Ceramic Fix LOLUF &00V F041002
cz CAF Mise. SMFO 200V BRO0O01S
JZ BUP ASEEM PART 14PN PCEB RELD A1321143
I3 =10 o ASSEM FART FRESS IM-S &1 10059
44 SLH ASSEM PART 24P FCEB REC &£131145
b SLP ASSEM FART FRESS IN-Z0 110209
Ha LI ASSEM PART PRESS IN~Z0 H11020%
R1 RES Misc. A40ahm SW WW 1241004
R2 RES 1.00M0 CC 1/74W 5% 14510005
=1 SUE SWITOHES FCB PUSH BUT 6451015
¥i SLP Pz BOARD 1294 B FAON A011301
Y SUF NUTS. ETC BAIL LOCK L228092
Y3 S ASSEM FART F-OM RED. 187 6150717
Y4 SLIE AZSEM PART F-ON REDR,. 250 4150718
Y3 =LP ASSEM PART F-ON REL, 137 4150717
Y& SUF ASEEM FART F—ON REDR.IST7  &150717
Y7 SLIR ASSEM FART F—ON RED, 137 &130717
Y ShIE ENCCLOSURES B SER SW BREK  A300241
Y® SUpP NUTS, ETE MET/ENG STUD  A£224032
Y10 SUF NiiTS. ETC MET/ENG STUL 6224022
Y11 SuF NUTS,. ETC #4 KEF NUT AZ24045
YiZ SUP NUTS. ETC #4 FEF NUT L22A045
BACK PANEL ASSEMBLY FOR 1394, 140E, 3500 BILL1420
in CATEGORY DESCRIFTION %A FPART #
Y& IND AC FOW TRANM  103-250 CT 2400014
Y& SLF MISE. FUsSHOLD 3PLU 47123501
Y4 SLF ASSEM PART LN CLO HOLSE A133043
Y SEIP NUTS. ETC 4x1/74 FPANHL HZ2E4014
Yé SR NUTS. ETC 4X1/74 PANHD LZ224014
Y7 SLE MITS,. ETO 4X1/74 PANHD AH224014
= SUpe NUTZ. ETC 4X1/4 PANHI LH224014
Y= SUP NUTS. ETC HEX 1/ 4PANHD AZ43204
Yi0 SLIP NUTE, ETC #EX 1/ 4PANHD L243204
Yii SUF NUTS. ETC 4X1/4 PANHD GZE4014
Y1z S MUTS. ETE 4X1/2PNHDS/S  AZ2400%
Yi:z SUP ASSEM PART #4 RED RING 4150712
Yi4 SR NLITE, ETL #4 EEP NUT 224045
Yi ARY FAINT PART LOFRO BE PAN 0301425

¥Yi& SLP ENCCLOSURES  129A FAN SUP 4300283
Yi7 SUP . NUTS. ETC AX1/74 PNOHD AZIIZOP

Yig SHIP NUTS, ETEC &X1/74 FN OHOD L2FFZ209
Y19 SUP NUTSs ETC &X1/74 PN OHD A2AZTZOY
Y20 SEIP NUTS. ETC X174 BN HD LZBB209
Yz1 sSuP NUTS, ETC &X1/74 PN OMHD ARII20W
Y22 sUP NZTS, ETC &X1/74 PN HO AZII207
Y23 SUP El. ERQUIF 129/150 FAN H21D005
Yars SLIP ASSEM PART MTE RECP-5 &1 10054

YZ2b gL ASSEM PART AMP FOL KEY &H1100053
Y27 SUF ASSEM PART F-ON RED. 187 &150717
Y23 supP ABSEM PART F-0ON RED. 230 4150712
Y2 gLP NUTS, ETC #2 METAL WAS 4242220
Y30 suP NUTS, ETC #2 METAL WAS 4243220
YZE1 SUP AssEM FART BNC CHASSCON  &120517
Y3z SuUP ASSEM PART LINE £ PIN 6143014
Y33 SUP ASSEM FART LINE CIN FIN 41432016
Y34 suP ASSEM FART LINE CIF PIN 4143014

FIGURE 8-15. PARTS USED FOR BACK PANEL ASSEMBLY
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PARTS LIST

1290, 1408, 1500 TOF PCB
BILL14T7Z

I CATEGORY  DESCRIPTION SEA FART #

G gt

Rl AT Ceramic Fix Q. 1UFM S0V S010000
{1 3% ot Used

CR= CAR ATR VAR A= OPF POM BE1IQOOHO
CR4 =Moot Used

RS AR Ceramic Fix JOILUF SOVIC FQOO01O
CRA (W1 Tantalum 2. 2UF 20V 2400001
oR7 CAF Misc. AT 2ROV EROQ000
I (a1 Ceramic Fix O, 1LHFML SOV 3010000
CE2 CAF Ceramic Fi= OJ1LFML 30V 2010000
CRI1G CAF Tantalum 2LTUFE 20V 3400001
CRil ot Used

LRiz oaF Ceramic Fix .47UFML 50OV S010001
CBIZ CAF Ceramic Fi=x J47UFML S0V ZOL0001
CRi4 CAF Ceramic Fix .47UFML S50V 2010001
LR1S AT Ceramic Fix JQ1UF SOVIC 2000010
CEi4& ZAF Ceramic Fix QLUF SOVIC 2000010
CR17 AR Ceramic Fix LJOQLUF SOV S0O00010
CeiS (AT Tantalum 2. 2UF 20V 2400001
CEl1v aF Tantalum 2. 2UF ZoV B400001
CRZO AT MICA % SOFF BREOBROGG
CE21 AR Ceramic Fix Q. 1UFML S0V FO10G00G
CR2E CAR Ceramic Fix (OI1LIF S0OVIC Z000010
CRZE CaF ATR VAR LH-AOPF PCM 2H10000
L S peg ) CaF MICA =% 1OFF SEE0100
CR2S CAF MICA SrA 10FPF FE20100
CREA AR MICA a% 10FF FZE0100
CR27 CaF MICA o% 1OPF F220100

CBRZe ~==fuot Llsed

(e | ZAF Eiectral. ZO0OMF 73V SI1000623
2 CAF FElectral. 2000MF 7%V F1O0023
[ e ZAF Tantalum 2. 2LE 2OV 3400001
4 et Lsed

I CAF MICA 5%  1QOFF HEF1000
] Y AR Ceramic Fix OQOLUF S0VD0 SO00010
CC7 AR Ceramic Fix JOQIUF ZBVOC 2000005
coo CAF Electroal. 4700716 SE 100011
ooe Car Ceramic Fix .QLUF SOVIC 2000010
CoLo CAF Etectrol. 100LIF SOV 2100004
il CAF Tantalum 2.2UF 20V 2400001
LI I ) AR Electrol. 100UF S0V F100004
I B AT Tantalum 2. 2LF 20V 2400001
cCci14 CAP Electrol. 100LIF S0V F100004
L B AR Tantalum 2. 2UF 20V 3400001
[ .Y AP Tantalum 4.7UF 73V 2400003
cCi7 CAF Electraol. SRR 10V SI100001
0 X ALY Ceramic Fix 4700PF25VD0 BOOG000

FIGURE 8-16. PARTS USED TO ASSEMELE CONTROL LOGIC CIRCUIT
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PARTS LIST

12968, 1408, 1500

BILL1472

In

R A

(I
[ g
[ e

rnEl
LR
CES

CF1

Loba

bl

(it
T

ot
LRz
L) =4
R4
GRS
Lgs
LR7
oeEz
jRjzey
OR10
DELl
neElz

Fi:1

IRl
IBZ
IEZ
1R4
IRS
iB&

CATEGD

AR

CAF
CAR
CAF

AR
CAF
CAF

CAaF

AT
LAk
UNAT
AR

————Muot
i
it MR
=it
el IvE
SEM
BEM
SEM
SEM
~——Not
SEM
SEM

SEM
SEM
I
SEM
SEM
SEM
SEM

SEM

SLIF

N
O I A B

RY DESCRIFTION

MICA
Tantalum
Tantalum

Tantalum

Tantalum

Electrol.

Ceramis
Tantalum

Ceramic
Cerami
POILY
Misc.

Usead
lzed
llsad
s
iseid
VARICAF
DINDE
nIGhe
GInDE
llsed
nIcone
LIonE

RECTIFIER
ZENER DICEDE
REGULAT BRIF

(IR NGE]
DIODE
DIOnE

RECTIFIER

OINnE
MISC.

TTL
DIETTAL

Mis.Lin BJT

LDIGITAL

Mis.bLin BJT

TTL

TOF PCR

STYRENE

byt 5OFPF

2l 2UFE 20V
2, ZLIF oy
FZUFE 20V

P | S Y
1O00LIF 10OV
 1LFML. SOV

2. 2UF 20V

OLUE SOVIRE
W OTLIF SOV
204 2. 20NF

A7uF EE0V

42FPF 20471
GO DOPED
GOLD DGPED
GOLD DORPED

GOLD DOFPED
Gt DOPED

& 200V

12V 1744
SGHUNT Al
ALl ZO0FIV
ALl ZOOFTIV
ALl ZO0PTY
&R 2004

GOLD GOPED
AAME FLIS

CRZ-1L aMULT
FHASE LDET
SLIAD COMP

Lz ECL OzC
AMECL.-TLLEL TR
DEC DIVIDER

S2h

FART #
DETOEO0D
CF: Talalaled)
2400001
2400001
2EOD00 ]
31000320
FO1O000
SAGO00T

FQO0OGLO
ﬂﬁOQQ1Q

SR00104
ZIl4l4as
TE14148
F314142

S700752
T&15241
4F004320
SE14120
ALA1Z0
SE14120
S700752

21414
&7 10400

41013570
4204044
4300 IY
4201 648
4310125
41015464

FIGURE 8-16. CONTINUED
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PARTS LIST

TE96, 1408, 1500 TR FOR
BILL147Z

ID CATEGORY  DESCRIFPTTION DEA FART #

LS

ey [N

P—

R

[S—"

iR7
TR

IC:
)
f IS
Ic4a

TCS

Ini
10z
Inz
104
Ins
I0A
o7
AR
T
010
Thiy

iF1
IFZ
1F3
IF4
IF=
IFA
IF7
IFa
IF?
IFio
iFii
IFi1z2

IfE
HA
R
JAZ
Jagq
JE4
WS
S04

JET

- -
]

Ky

g el el
=5

[ B B B T e e T o g

i

Ea S

o e B L B o B B o B o B T e

bl N e e N

I

SUP
SLUIF
SUP
SLIF
SLIF
=L
SHP

SLIF

TTL
TTL

REGLILAT RIF
REGLH.AT RBIF
REGLILAT RIF
REGLULAT BIF
REGULAT BIF

Misc. M=
Misg, MO
ROM RaM ™MOs
RO RAM MOS
RiGgM RarM Moo
RiOM RAM MOz
Misc., HMOZ
Misec, MOS
TTL

TTL

TTL.

TTL

TTL.

TTL

Misc. MO
TTi.

TTL

TTL
OIGITAL
TTL

TTL
DIGITAL
Miso, MO

OF AMF RBRIF
ASSEM PART
ASSEM FART
ASSEM FART
ASSEM PART

ASSEM PART

B

sk

=

FART

i

=

EM PART

O]

> >

S5EM FART

iy
il

FIGURE 8-16. CONTINUED

DEC. COINTER
LEC, CIHINTER

155 a5y
SHITOH CONTL
-15ViA 3TFix
—avia 3TFix
15vify 3T Fix

MITRGO FROC
S-RIT LATCH
1AKRBIT EFROM
1AKBIT EFROM
ikKn St RarMC
iKk St RamMc
1&4LIN INT
14LIN INT
HEX TNV OCHY
4—2IN MAND
HEX INY QCHY

4--2TN MNAND =
HEYX INV

HEX TNV
TALIN INT
2EAEF SRIN
DEZ DIVIDER
DEC. CaOLUMNTER
SET OOT BLIF
DEC DIVIDER
DEC, COUNTER
ZET QST RUF
INT. TIMER

Z/H AMF
RECF-5 RT.L
REZP-5 RT.L.
RECF-2 RT. L
FLUG-5 FIM
FLLUIG 15 FIN
PLENG 10 PIN
FLLIG 15 PIN

20F DAL PCR

BEO0OLZE
4500457
ASO7F1H
ABRQTY05
AS07E15

47 050ES
GF7ORT1E
4702714
4902714
4202111
4wriil

47043
43 QO0DED

ATGOOAD

4100004
4100040
41600040
AT GE240
4101124
410ivs4
azi12195
4101964
4100900
4210175
ATFQEZEE

4400537
&A1 10050
H1 10080
LHi110032
ALIOOS]
&Hli015e
AT1I0103

Ali0ise

&110205
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PARTS LIST

T2%. 140K, 1505

BILL 1472

Ih

R

LLEBI
LR2

A3

FREA

FLil
FIE

T T,

|“£I -
Fra
FIE
P&
L7
FLE

FE1
PE:2
FEZ
FE4
FES

FFA
FFL
FFE
FED
FF11

PRz

PE1
LRz
HBE
R4

sl
[ s
Ho3
(]
S

PIER]
QG2

REL1O
RELSE

CATEGORY

S

——Nat
Zelects

SLIF

S

L
AR =
SHIF
S
S
SR
Red i
S

-t
ZEM
HEM
=EM

SEM
SEM
Sk
=EM
SEM

SEM
=EM

Select
RE=

TOF FCE

AEEEM PART

Ulsed
d Part

=t
piys
it

1
iy
iTi
=

TP T OX

S I TR V3

MY L R R R ]

oMy o
ZXZEZXTETEIIZE
x|
el
A
2

ASSEM FRET
ATSEM
AZSEM
ASSEM
ASSEM

ASSEM
ASEEM

Lisad
TRANSISTOR
TRAMNSIZTOR
TRANSISTOR

TRANSISTOR
TRANS ISTOR
TRANSISTOR
TRANSISTOR
MIse,

FET
TRAMIISTOR

a3 Fart
5 1 T I

CESCRIPTION

FOF

0T

Ic
Ic
I
e
IC

i
L}
i

LF
I
LF

Ins

NP
NFM
NN

FMF
NFN
MR
MNFN
12A

20

2QF

Pt Ae A

DUAL. FCR

CVEN

g 14F 1

o
1
Ja
T T
[Ty s

i
J
S

T

e O U
—
[N
L el e ek ek el

W {f
i
o™

e 00

o
o~ 0
A

ot
o~
T

P

F4F
s 14F 1
SOCK
14F 1
SOCK

S =4F 1

P L A R )]

LIHF
HHEF
AL TOFET

SWITCH
GEN FUR
ALl DOPETD
GEN PLR
SCR

VMIOE A0V 2R

FNF

174U

SWITEH

=%

FORT #

A1I0205

ETHEQLA

Hloiidl

LH101401
Glolzal
H1GLZ41
H101241
HiDlial
A1l bEL
L101243
Hlolz41

A£101401
A1D1141
A1Q1 1AL
HIGLLAL
AIOL1AL

ATO1741
101141
10120
£101141
A101201

AL R4E

yiv)
770

)
'\1\1\1

HI1O08A
122707

AR2005

FIGURE 8-16. CONTINUED
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PARTS LIST

12%a, 1408, 1500 TOFP PCR
BILL1472

In CATEGORY  DESCRIPTION

RE1A4 RED 1000 0 20 1/4W
RELS RES 10,00 T 1740
RE1& RES A7.0 0 o0 1/44W
RE17 RES 2.0 0o 1/74K
RELZ RES 22 0 0 Ch 1/74W
RELY RES 1000 O O5 1/74W
REZO RES 10,0k o 1/74W
REZ21 RES 1O.0ED S0 1/74W
R RES 2EO0 0 CC L/ A
REZZ RES 1000 0 T 1744
REZ4 RES 1000 0 Co 1 /44
RE®S RES 1000 0O CC 1/4W
REZA RiE= 1000 O o0 1744
REZ27 RES 1500 0 CC 1/74W
REZE RES 1500 0 S5 1 /74l
REZY RES 200 0 20 1/4
REZO RES REQO 0O C 1740
REZ1 RES 1O.0KD 1/4W
rRBZZ REZ 1200 0 1741
REZ= RES 1000 0 174
RBZ4 RES B OFD 17494
REZS RES 470 O 174K
FHEAA RES 160, QKO 1744
RBI7 RES 10, 0kO 1744
REA4AO RE= 4.7 01 174K
RE47 RESZ 4700 1 i/74KW
Red4a RE=S 474 0 1744

A ':._'l

O R e A B

o R I A w2 A B R B

i

Ri:1 RES EELORD CT 1/4W
RC2 RE= 220 0 T 174K
RC3 RES O.1 O Wl 2
Rz4 RE= 1000 O 25 1740
RS RES TO.0ED S0 1/74W
RCa RE= BANO O DT 1744
RC7 RES 2200 oT 1744
Rio3 RES SA0 0 T /4y
RO RES 2900 0 00 1740
RIC1O REZ taod 0 D0 1746
RCLE RE= 1000 O 1744

[

M

o

RCLZ RES 1000 0 2 1/4W
RCIZ RES Ha2 0 174U
RC14 RES R7L0KD CC 1744
RC1S FES 2700 O C Z2W
ROCLA RES 47.0 0 T 1/74W
RZ17 RES 100 0 oo 1/74W

5

ROl RE®S 1000 O 20 1/4W
RIVE RE% 1000 O .o 1/4W
FIGURE 8-16. CONTINUED

A
P
5%
iy
20U
T4
bl

=%

5%

SEA PART #

1310005
1410005
1147005
1122005
1122005
1210005
1410005
1410005
1ZZ2005

1210005

1310005
1310005
1315005
12152005
13

1410005
12337005
1210005
1422005
1247005
1410005
1410005
1047025
1247005
1247003

1422005
1222005
100057
131000
1410005

1427005
1z2701%
1147005
1210005

1210003
1310005
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PARTS LIST

129A, 1408, 1500 TOF FCR
BILL147:2

I CATEGORY DESCRIFTION

RIM4 RES 270K
RIS RES= 27 .00
R4 RES 27 K0 .
RI7 RES 27,010 0 174
RLO2 RES 27,080 CTO1/40
RO RES 27.00 ¢ 1/4W
RO RES E7.0K0 0 1/440
RIOi1 RES 70D T 1 /4

1/44
174U
174

1
1

N R
R Ew ]

o

R 2 RES E7L0ORD DD 1744
Rz RES Z7.0ED0 CC 1741
RLOL4 RES E7.0E0 CCO1/44W
RDIS RE= E7.0E0 CC 1/4W
RI14 REX 4700 0 QT 1746

i
T

ROL7 RES 4700
ROGIE RES 4700
RLi1® RES 4700
RIZ0 RES 4700
ROz21 RES 4700
RO22 RES 4700 1/44
RIZ2E RES 4700 Cno1/4W
ROZ4 RES 27.0ED CC 1740

1744
Coo1/744
o 1/4W
1/ 40
CC 1/4W

{3 N Y
v Ee vl
e Rw Ry

REL RE= S000 O o 1 /40

REZ RE= FQO0 0 7 1744
RE3= REES FO00 O o /40
RE4 RES 3000 O CCOL/4W

RES RES 2000 O CT 174
REA RES 000 0 CC 1744
RE7 RES 2000 0 C5 1/4W
RES RES 3000 O CC 1/4W
RE9  RES 2000 O OO 1744
REIO  RES 3000 0 G0 1/4W
RE1l RES 3000 O CC 1/4W
RE1Z RES 3000 O CC 1/4W

RE1% RES S000 0 oo 1/4W
REL4 RES OO0 I CT 1/4W
RE1S RES FO00 0 CC 1/74W
RE1A RES 000 0 CC 1/4W

RE17 RES 200 O CC 1/74W
RE1S RES L2200 O T 1/4W
RELY RES 4200 0 CC 1/744W
REZO REZ A200 O CC 174U
REZ21 RES &200 0 02 1/4W
RE22Z RE= G200 O G2 1/49W
REZZ RES &200 0 CC 1/4W
REZ4 RES &200 00 CC 1/4W
REZS RES G200 O CC 1/4W
REZA RES AZ00 0 D0 1/4W

YA
=¥
SA
=%
by A
=4
=4
5%

Py
-t fu

oy
a7
5%

(=AY
~ud fu

T
o%
b
=%
by 4
8%
57
=P 4

3%
b=l 4
b=y A
A
A
A
iy A
o

e
rat S

o%
=
=
b A
5%
54
S%
T4
A
L=y 4
A
=
A
i A
A
YA
54

ZqA FART #

1427005
1427005
1427005
14270085
1427005
1437005
1427005
1427005
1AE7005
1427005
1427005
1427005
1247005
1247005
132347005
1247005
1347005
1347005
1347005
1247005
YA4Z7005

1330005
1220005
1330000
1330005
1320005
1 ?”tjm:ﬁ
1 = -U{“)( 5

133500

13320005
13320005
1342005
132005
13&2005
1342005
1242005
13242005
1262005
1242005
1342005
LREZ005

FIGURE 8-16. CONTINUED
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PARTS LIST

12968, 1408, 1500 TOF

CATEGORY  DESCRIPTION

BIL.L147=
i
REZ7 RES
REZS RES
REZ® RES
REZO RES
RE:=1 RES
REZ:2 RES
RF1 REZ
RFZ RE&
RiG1 RES
REZ RES
RG3 RES
RG4 RES
RGS RES
Riz4& RES
Sl S
K N SR
LY ] SHF
T ABY
X2l CRY
Y3 SLIP
Ya S
Y& SR
Y& SLF
Y S
Y10 sLF
¥Yiil SR
Yiz S
Yiz SlE
Yid Sl
Yis S
Y14 SR
Y17 SR
Y13 SUF
Y1 SiE
YZ0 SiE
Yz4 S
25 SE
Y2k SHP
Y27 SLF
Y2E SR
YZ? SUF
Y0 SLIF
Yl SLF
YEP SLP
Yooz SUP
Y4 SUP
Yag SUR
Y34 SLIF

FCE

G200 0 oo 1/4W SY

LZ0O0 O CC o174 5%

GEOD DO CC 1744 5%

200 0 D0 1/74W 5%

AZ00 0 OO 1/4W 5%

£200 0 CC 1/74W 5%

100 O CC 1/74W 5%

1000 O C0 1/74W 5%
Misc. 10K MOD FOT
LTS0.0RD OO0 1746 5%
a0 ST 1/4W TY
FE.O0ED DT 1/74W 0 5Y

IE300 T D0 1/4W 5%

100D CC 1740 5%
SWITCHES iF 2Pas ROT
SWITCHES DIF SWITCH
SWITCHES DIF SWITCH
WOLIND  TND SW O SUR XTR
GEM. PFURFOSE 10MHZ

FC BOART 1Z0B CNT FCER
MISC. FC FUSE MOLD
MISC, PCOFUSE HOLD
MIsC. HS TO~-220
MISC. HZ TO-&4
MNUTS, ETC HX 1/ ZPANMD
MUTE, ETC AX 1 /2PANRD
MLITS. ETC #4 METAL NUT
NUTE, ETC #4 METAL NUT
MNUTS, ETC #45 METAL NUT
NiTS. ETC #4 METAL NUT
MUTS. ETC NYLON WASH
NUTS. ETC NYLIN WASH
NUTS, ETC LIz WASHER
NUTS, ETE LOCKE WASHER
MIS, PSS TNSH. WAS
NUTS, ETC #10 SFL WASH
NUTS . ETC #i0 SPL WAsH
MUTS, ETC #10 SPL WASH
NUTS, ETC #10 SFL WASH
ASSEM PART ZFIN SHLINT
ASSEM FART ZPIN SHUNT
AZSEM FART SO25X.5 PIN
ASSEM PART LOZ5X.5 PIN
AZSEM FART LOZRSX.E FIN
ASSEM FPART LOZEX. S FIN
ASSEM FPART LOZEX.E FIN
ASSEM FART S025X.5 PIN
MISC. &LOZOA H.S.

FIGURE 8-16. CONTINUED

ERA FART #

134620005
1B£2005
1242005
132462005
1BAZ00S
13242005

1210005
1210005

121002
1815605
1422005
1422005
1333005
1410005

HA21080
L4002
LH404022

O00izoz
7000003

AQOSEDS
&7130013
A7 12001
A7 21005
&72100%
LAIIZOZ
A22B205
ER2ITZL0
LITATAG
AZITZ240
&ZTIRA0
AH2ZEI270
LEZII2TO0
L2II2R0
L2220
&7 FHO2Y
LZ260103
A2AHD102
L2LQLIOD
H2601032
&H110027
H110022
A£1432005
A14Z005
&142005
&143005
&£1A4Z0G05
65143005
A721011
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PARTS LIST

FART::! CAT DESCRIPTION HLAN

i UNTT

MAIN CHASEIS ASSEMBLY  (BILL 1547

OS01%45 |ARY PAINT FPART LOPRO BEZEL 2
FRIZOS |SUFP NUTS, ETC &X 17 2FANHD 1z
AZTIZLS | SUF NUTS, ETC AX3/53 FL MO ]
ARQODI0 ISR ENCCLOSLIRES LIWPRO CL SUR b
£S00452 PSUP ENCCLOSUIRES  BLE SIDERAIL 2
LTOCGO02 SR MISC. CARD GUIDES 12
FINAL ASZEMBLY (BRILL1540)

Oz01211 [ABY CHASSIS 120 AD AUTO
OEO1Z12 |ARY CHASSIS 150 TTOOLSET 1
H175070 |SUF ATSEM PART LINE CORL i
AZFA01S | SUF NUTS, ETC 4X 2/ 8BLKPNHD =
AZZAQTE | SUP NUTS, ETD 4x5 /7 LAPNHD 4
A2240320 |2 MUTS. ETC LOCK WASH 4
AZTI202 | S NUTS. ETC X/ ERLEPNHD 2
AFP1301 |SUP NUTS, ETC COLIFLER 1
LRQO0ES | SUF RAW MATERIAL FIBGLAZRODS | 13
A420000 | SUF SWITCHES SWITCH COVRES =2
A7OD1O% | BEUF MIS0. 0. ARub Feet 4
A710100 | SUF MIS, i/728 SR FUSE 1
A731400 | SUR MISC, 14.5MM LaF ]
H7T1I410 1511 MISC, 14, 5MM KNOHE =
AT7DLAT0 | SR MISC. 14, 5mm wins i
LH7T2101 | SR MISC, 2imMM BL AP 1
A7EZI11 | SUP MISC. 2IMM ENOR i

FIGURE 8-17. MISCELLANEOUS CHASSIS ASSEMBLY PARTS
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PARTS LIST

s &FLNésA!EDN 0. DESCRIPTION g%chNIL‘:II;ﬁRI!l%L.
0401317 5 Pin Contact Assembly for Display 6101051
610?|r990
0501425 Chassis Back Panel 6500282
0501562 140/150 Covers 6500281
0501565 Chassis Bezels 6500279

FIGURE 8-18. SPECIAL PARTS ASSEMBLY

WOUND INDUCTOR INDUCTANCE CORE MATERIAL
S & A PART NO. uH DESCRIPTION S & A PART NO.
0001044 17.8 61 turns #30 AWG WIRE 2105002
0001046 14.3 53 turns #30 AW6 WIRE 2105002
0001066 67.8 63 turns #30 AWG6 WIRE 2105003
0001067 13.9 50 turns #30 AWG6 WIRE 2105002
0001068 3.4 28 turns #30 AWG WIRE 2105006
0001069 0.8 16 turns #22 AW6 WIRE 2103706
0001092 0.5 11 turns #22 AWG WIRE 2103006
0001070 017 6 turns #22 AW6 WIRE 2103006
0001071 0.09 5 turns #22 AW6 WIRE 2105012
0001302 — Winding -2 25 turns #22 AWB WIRE 2110000
3-4 30 turns #30 AWS WIRE
56 30 turns #30 AWG WIRE
7-8 25 turns #30 AWS WIRE
9-10 25 turns #30 AWS WIRE
11-12 35 turns #30 AWGE WIRE

FIGURE 8-19. COIL ASSEMBLIES
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MANUFACTURERS

SAa PART # VENDOR/MANLIFACTURER MAEMUIFACTURER FART #
1001057 5140 KRL ELECTRONICE, INC fFP-2aWlR10F
1001057 &3228 OMTRONICS MFG, INC. T2A/.10HM/ 1%
1047023 7324 R-DHM CORF. RZS/1/78. 7ohm
1042025 7234 R-0HM CCORF. 2200 EL80ehm
11100058 73324 R-OHM CORP. RES/ALALO.00hm
1112005 7334 R-0OHM CORP. RS/ 120 0achm
1122005 7334 R-0OHM CORF. R25/.1/22.0ahim
1127004 7234 R-0OHM CORF. R25/A/27.0ahm
1132005 7334 R-OHM CORP. Rz5/7.4/723. 0/ QWM 5%
1147005 73324 R-~-0OHM CORP. R2E/0/47 . 0ohm
1210005 7324 R-0OHM CORF. RESAA/1000hm
1212005 73324 R-DOHM CORP. R23/.4/1200hm
1218005 7334 R-0HM CORP. R25/.0/1800hkm
1222005 7334 R—-0OHM CORF. RES/ 4/ 220ahum
1227005 7334 R-0OHM CORP. R2%&5/0/2700hm
1233005 7334 R-OHM C0ORE, 28/ 3/33000m
1247005 7234 R~-0DHM CORF. RZS/ M/ 4700hm
12586005 7334 R-DHM CORP. RzS/ 1/ 580ahm
1248005 7334 R-0OHM CORF. 25/ 47 620ahm
1222000 73234 R-0OHM CORP. R2S/1/8200hm
1210005 7324 R-OHM CORP. R25/1/710000km
1312009 73324 R-0OMHM CORP, R25/.4/1200ahm
1213005 1851 CAPAR COMPONENTS COR CCOF-25-1/4W-5%—1.5K
1315005 7334 R-0MM CORP., R2S/0/15000hm
1222000 72334 R-0HM CORP, RZ25/.4722000hm
1327019 1002 ALLEN BRADLEY [0, REC4ZGF 272K
1330005 7324 R-0HM CORF. RZ2%5/.4/20000HM
1332005 7324 R-0OHM CORP. RES/ 1/ 3Z00ahm
1337005 7224 R-0OHM CORF. R25/.4/29000hm
12347005 7234 R-0HM CORF. 252/ 0/87000hm
135464005 7334 R-0OHM CORP. R25/J/56000hm
1242005 7334 R-0HM CORP. R25/.4/6&. 2ZKOHM
1410005 234 R~0OHM CORP. R2ZE/ /10, O ohim
14300058 7490 SHIGMA INC, 10, 0OHML 7 AWSY
1412005 R4 R—0OHM CORP. REB/I12.0Kabkm
1415005 7334 R-0OHM CORF. R2B/4/715, Ok .abm
1422005 7224 R-0OHM CORP. R2F/4722, O obhm
1427005 7334 R-OHM CORF, RZ5/A4/727.0Kahm
142323007 73234 R-0OHM CORF. R25/.0/ 3 2K0HM
14320053 7334 R-0HM CORF, R25/.4/37. 0K abum
14564000 7324 R—OHM CORP. RZS/J4/5&0hm
1510005 73324 R-OHM CORF. R23/.0/100, Okahm
1815005 7324 R-OHM CORP. R25/7.4/7150, OKOHM
15322005 7334 R-0OHM CORF. R253/0/220. O ahm
1410005 7334 R-0OHM CORF. R25/.171.00Mehm
14647005 7334 R~0HM CORFP. R25/.1/4. 70Mahm
1221001 1500 BECKMAN INSTRS/HELIP  4&6WRIOK

1921001 2001 WESTON/SCHLUMBERGER/ SSOWRI1OK
1221002 1003 ALLEN BRADLEY CO. 15M047

2001000 2253 COTO-CORF 400354000

FIGURE 8-20. LISTS ACCEPTABLE MANUFACTURERS AND THE
MANUFACTURERS’ PART NUMBERS FOR THE S & A PART NUMBERS
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MANUFACTURERS

54 FPART

2001000
20010032
2001003
2103006
2102706
2105002
21aS000
2105004
2105012
2110000
2110002
EEIFLO04
2400014
SOOG000
F000005
000010
20100600
2010000
SO0I0001
FO10001
4100
F100001
3100004
H100011
2100011
FLIO0020
100073
IE212018
SEZ1Z201
S221201
20100
J230Z200
BEZTOTO0
F2ZIIZ200
DEZOZO0
FZEAO200
SER0200
FIZ2IL1000
BIEE201
2400000
2400000
2400000
2400000
2400001
FJ40G0035
F400003
F400003%
2400003
FEO0004
3600005

n

Salt7
2253
D&67
S&T 4L
5674
DET &
ST L
SHTH

S&ET 4

VENDOR /MANUFACTURER

MAGNECRAFT ELECTRIC
COTQ~-CORP
MAGMECRAFT ELECTRIC
MICRO METALS. INC.
MICRD METALS, INC.
MICRO METALS, I,
MICRE METALS. INC.
MICRO METALS. INC.
MICRO METALS. INC,

2 OARNDLD ENGINEERING O

Satbh

7RE4
72354
SA LS
7aza
S&éb
7azd
L0 b
7E&L
7e34
SEAS
Sk AR
1253
2255
R&EY
SEL6T
1253
2255
SLHLY
1253
2255
SebLY
ab6%
2164
S5002
&£002
Thibnbs
7an4
7554
D002
5002
5002
T7a34
1002
1002

! FAIR-RITE FRODUCTS o

J W MILLER DIV DEFT
STGNAL. TANSFORMER 0O
SFRAGUE FROOUCTS O,
SFPRAGUIE FRODUCTS CO.,
MALLORY/CAFACITOR
SFRAGLE FRODUCTS 0.
SPRAGUE FPRODLCTS CO.
MEFCO/ELECTRA IMC
SPRAGUE PRODUCTS o0,
MALLORY /CAFPACITOR
SPRAGUE PRODUCTS CO.
MEaRCOM AMERICA CORF.
STEMENS CORP.
SPRAGUE PRODUICTS CO.
MEFCO/ELECTRA INC
MEFCO/ELECTREA INC
ARCO ELECTROMICS
CORMNELL-DURILIER
MICONICS INDZ INC
MICONICS INDS INC
ARCD ELECTRONICS
CORNELL -THIRILIER
MICONICS INDS INC
ARCO ELECTROMICE
CORNELL-DHIBILIER
MICONICS INDS INC
MICOMNICS INDS INC
TRW CAPACTIROS DIV
KEMET/UNION CARBIDE
NAT IONAL. COMPONENTS/
SIEMENS CORP.
SFRAGUE PRODUCTS CO.
SFRAGUE PRODUCTS CO.
KEMET/IINION CARBIDE
KEMET/UNION CARBIDE
FEMET/UINION CAREIDE
SFRAGLE PRODUCTS CO.
ALl STAR PRODUCTS. I
ALL STAR PRODUCTS, I

MANUFACTIIRER PART #

WigimMxXas
CR-4011-4000
W1O0AMYX—2

T304

TA7—6&

TS0~2

TEO-3

TEHO-

TEO-12
APROLIR7 -2
24543000101

1, OOMH-SY~—Pa20-28
241-82/13468A
HY&10

SEANLO

MAGSOL 1

STZBLIZ 240800004
RCZEIL 04020500
&IFRZITUAT7AMRBOSOST
2CIEUAT740E05004
VAL
1S0RDIvLEXP0L0ORE
CEUETIHION
47007 165E/2218
B41010-4700/14
ETIOZX010A01

1 I0HAZOZUIOT7S
OMLSFDI 226073
ChieFDLZaGoR
RIMLIS-1220G
RIMISCDIOOI03R
DMLSEDR2GOI03
CISEDZO0.I03
ROMISEDRZ2OOL03
DM SCD3E00J032
COH SCDIO0I03
RIMSCOZ00103
ROMISFDLOL Q03
SAZLIN
T110B475K0S0A
CS132BG4A75K
GS123BG475E
150D475X90508B2
1500225 X7020A2
Ti10BA7TKOTSAD
CER13H47SKL
CSR1ZH479KM
150D475X2075R2
X729

X730

FIGURE 8-20. CONTINUED
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MANUFACTURERS

=68 FART #

SATO0O00

£100004
100004
4100040
4100060
4100700
4 100%00
4100700
4101174
4101124
4101124
4101570
4131964
4101944
4122054
AiFs12
42014645
4204044
4214014
4214016
472144%%
42144275
4214507
4214507
4Fi81%5
A42IH1FE
AZDORID

4IO0LES
ARGGEGHE
4304205
4210125
48400012
4400012
44000301
A40030]
44003201
4400301
J400522
4404202
AS00420
452004F7
4500477
4500EZA
4507815
4507215

HOOD
LO0O0
T7O0
L0000
LHOO0
254
E000
F700
FARINS]

FFOO.

[=1018.18]
F¥elala]
SO00
=000
4507
&HDO0

SEn4

Nt ~J A (R

it

AR RSN
Iy

00 00 00 0 0o 0 0

bbb s

AHO00
S000
1004
Snn4
F7O0
1004
1280
1750
5834
1350
1750
A
S&z4
LHO00
7700
1250
1750
2000
S000
2000
2E02

Haz4

ADO0

VEMDOR /MANUIFACTURER

MEFCO/ELECTRA TNC
MEFCO/ELECTRA INC
TR CAFACTIRDES DIV
MATITONGL. SEMICONDLRCT
NATIONAL SEMICONDUCT
SIGNETICES INC
NMATIONAL, SEMTCONDIICT
NATIONAL SEMICONLLICT
FAIRCHILD/SEMICORMNDS
NATIONAL SEMICONDHICT
SIGNETICS ING
MATIONAL SEMICONDUCT
SIGNETICS ING

TEXAS INSTRUMENTS IN
NATIONAL SEMICONTICT
TEXAS INSTEUMENTS IN
TELAS INGTRUMENTS IN
INTEL CORF.

NATIONAL, SEMICONDINT
MOTORCULA SEMICONDLICT
MOTOROLA SEMTCONDLCT
MOTORDLA SEMICONDUCT
RO HDATRS

MOTORGE A SEMICONDUCT
MOTOROLA SEMICONDLICT
MOTOROLA SEMICONDUCT
MOTOROLA SEMICONDILCT
NATIONAL SEMICONDUCT
TEXAS INSTRUMENTS I
ADWANCE MICRO DEVICE
MOTOROLA SEMICONDUCT
SIGNETICE INC
ADVANCE MICRO DEVICE
AMNGLOS DEVICES INC.
BURR-BROWN RESEARCH
MOTORCLS SEMICONIOICT
AMALLE DEVICES TN,
BURR-BRWN RESEARCH
FALRCHILD/SEMICONDLIC
MOTORCOLA SEMICONDIUICT
NATIONAL SEMICONDHICT
SIGNETICS ING

ANAL DG DEVICES IMC.
BLIRR—-BROWN RESEARLCH
TEXAS INSTRUMENTS IN
TEXAS INSTRUMENTS In
TEXAZ INSTRUMENTS IM
UNITRODE CORP.
MOTOROLA SEMICONDUCT
MATIONAL SEMICONDHICT

FIGURE 8-20. CONTINUED

MANMUFACTURER FART #

21 OCERIAGOIORF
CEBDARE/AGTOK
XaLEF

OM7 4000
DM74500N
SAT4E00

DM7 404N

D7 404N
7AP0OPC/IZPORL
07 420N

N7 420N
DM7451 12N
7A4511ZN
SN7451 12N
OM74 157N
SMN74EIRA
SN7AS19AN
PRE0OS

OEasl 12N

M1 &48F

M AQ4 4F
MC1I401&BCF
Co40l ARE
MZ1442950

MC14495F (BCD-75G60G~-DEC /DR

MC14070BCR
MC145%07CF
I (= R T
SN74L.5541N
LM
LMEEN
LH33vn
AMATEHL
ADRIZOH
4205}
MUCLOQLIZORP
AT450
YFC~-12
LUAZOLATC
MLMZO1

L M0 1 AN
LMRO1AN
ADSEZED
4302
TLAZOCLF
TLAYT7ALCN
T 4%7CN
FICAZA
MC721aCT
LMzA0T—-15
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MANUFACTURERS

ZAa FART

ABGTT0N
4307903
A4E075915
4507915

FOROIE
4705035
47 0EOEN
4708035
47Qaz12
4703243
4708243
{7 0OEZE3
4702233
4w02i11
ARO2T 1A
4902714
ARO2T7 14
ADORT LA
S00D0Z5
BO07342
SOO7 247
Sl22zie
Ll12221%
Silzzaed
S122907
S122907
5122907
SJ1EE905
Si2ae0n

S1ZE10v
A1ERTAY
B12574LY
SI2S770
123770
H204416
3204414
5204414
SE04414
52100484
S21441%0
5214120
Gxlg4i4as
S21414%
=z1414g
SE1414%
S400101
BA0Z2401
S503401
5502401

HEzd
HO0O0
Send
SHO00
4503
45032
45073
053]
4503
H50D
4302
1 OO
43503
4503

IR0

D03 63 01 B D3 G D1 G

AR B DG B AN D

-
e

) il

e £ 62 DX Do i

o
IR B e R

OO 00 S 0 00 D) 0 IGO0 L SO0 G

——

LR

i

0 Lo D3 L

>
o
i

£ G0 G0

gl S i i

[ ]
I

ianen
€0 1
o
Ia

1 L 1

VENTIOR /MaNLIFACTURER

MOTOROLA
MNAT IONAL
MOTEHR A
NATIONAL

SEMICONDUCT
SEMICONIRNCT
SEMICONDOCT
SEMICONIUCT

INTEL CORP.

INTEL CORP.

INTEL CORP.

NEC MICROCOMPUTERS,
INTEL CORP.

INTEL CORP.

INTEL CORF,

ADVANCE MICRO DEVICE
INTEL CORF.

INTEL CORF.

FILJITEL AMERICA, INC
FUOJITSL AMERICA,. INC
INTEL CORF.

INTEL CORP.

MOMSANTO COMMERCIAL
FAIRCHILI/ZEMICONDIC
ICON DIV, ,LUSM CORR.
FAITRCHILD/SEMICONDLC
MOTOROLA SEMICONDUCT
MOTOROLA SEMICONDUCT
FRIRCHILD/SEMICONDLN
MOTOROLA SEMICONDLCT
NATIONAL SEMICONDUCT
FAIRCHILD/ ZEMICONDUC
MOTORCLA SEMICONDCT
MOTOROLA SEMICONDUCT
RECA HDRTRS
FATRCHILL/SEMICONDLIC

MOTOROLA
MOTOROLA
NAT TONAL
INTEREIL
MOTORGLA
MAT LONAE
NAT IONAL

SEMICONDUCT

SEMICONDUCT
SEMICONDICT

SEMICONDILCT
SEMICONDUCST
SEMICONDUICT

SILICONIXZ INC.

TRW/CINCH CONNEDTORS
LUNITRODE CORF.

FAIRCHILD/SEMICONDLC
FAIRCHILD/SEMICONDILIC
FAIRCHILD/SEMICONING
UNITRODE CORF.

MOTORDLA SEMICOMOUCT
HEWLETT FPACKARD/SCIE
MOTOROLA SEMICONDUCT
MOTOROLA SEMICONDLCT

MANUFALTURER

MC72OSCT
LM72050T
MC721S0T
LM72150T
FEO3SE
Fao3s
CROES
D040
P21 2
P24z
CE243
AMBZIIPC
Fasms
Fzit1l
MBSS L 4
P74
L2716

MV EOEE
FNIIZS7
FNDZS7
ZNZZ19A
ZNZZ19AS
ENEZET4
AMNEEOT0
EMEFOTA
ZNET0OT7A
FZNI905
ZNZF05
ENS10v
2NB109
FZNS7 &%
ENET LY
BNTGFTO
ZNST770
2NA41 A
ZNAj 14
SR04
=N4414
UNA&HAF
DRSS 200
UTX4120
iNdl4s
1MNZ14
1NT144
IMN414E
MEBD101
S002-31468
MENIS04
MFNZ401

FIGURE 8-20. CONTINUED
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MANUFACTURERS

5926401
LOOLA0L
LHOOS402
LOOREOS

&G11801

&£101051
6101141
101141
L1G1141L
&H1011E1
4101201
AH101241
&101401
&110000
&110020
110022
&H110032
H110033
H110050
&110050
4H1100%1
&110052
4110053
£ 110054
&£11005%
&110101
&1i01G3
£110151
6110151
&110152
110203
£ 110209
£121143
£131145
& 143005
&150102
&130150
&150712
&L150717
&150718
&H1539912
&172070
&178070

oo O 40 4 2
00 o0 o0 O &0 Q0 00

VI O TN O PSR 1)

oD

5334
wel
#2011
OO
01
7E6S0
000
OO0
SO0H
000
2000
SO00
2000
1004
1004

VENDOR / MANLIFACTURER

MOTORDLA
MOTORCL A
MOTOROLA
MOTOROLA
MIOTOROLA
MOTOROL A
MOTOROL A
MOTORDLA

SEMICONDLICT
SEMICONIHICT
SEMICONDUCT
SEMICONTIICT
SEMICONMDUCT
SEMICONDICT
SEMICONDEICT
SEMICONDUCT

EEA DUSTOM
SRA CUSTOM

GENERAL

FURFOSE

Sha CUETOM

SAMTEL
TEXAS
TEXAS

TV A
FEAFD

TEXAS
TEXAS
TEXAZ
TEXAS
AMF
AMF
AMF

3 MOLEX

&

T MOLEX

MOLEX
MOLEX
MOLEX
MOLEX
MOLEX
AME

MOLEX
MOLEX
MOLEX
MILEX
MOLEX
AMF
AME
AMF
AME

AMF
AMP
AMP

SPECIAL
AMFP SFECIAL

SFPECIAL
SPECTAL
SFECTAL
SFECIAL
ALGAT INC
HERMAN H.
HERMAN H.
SPECIAL
SPECIAL INDUSTRI
SFECIAL INDUSTRI

INC,
INSTRUMENTS IN
INSTRUMENTS IN
INSTRUMENTS IN
INSTRUMENTS IN
INSTRUMENTS IN
INSTRUMENTS IN
INSTRUMENTS IN
SFECIAL INDUSTRI
SPECIAL
SFECTAL

TMNOUSTRI
INDLETRY

INDUSTRI
INDUSTRI

INDUSTRI
INDHISTRI
INDUSTRI
INDUSTRI

SMITH INC.
SMITH INC,
INDUSTRI

TEXTODL PRODUCTS, INC
BELDEN CORP
PACFIC ELECTRI CORD,

FIGURE 8-20. CONTINUED

MAMUIFACTUIRER FART

INGZ2R0A
INSZI7R
INS2E7
INTZ242R
INS24 26
MR7352
MV104
EN&AO]
QOQOO0O24-04

QOOOO5E
GOGUGLIE
SEA-105-206G
naa1402
SE-14-02
DESIAGT
TI/C8A-18-02
CE4Z2002
C242402
C2440072
LAOLZE—]
230153532
5301534
22152031
2R B2
22-14-20%51
22—-15~2051
Q2~L4-1033
Q9—52-3053
22-10-205]
&40440-5
2400—4
QP-52~3102
Ov—4L4-1 103
OF—L2-31532
QF-—52-3231533
Q—A4—-1 153
1-84105-1
860904

b L YA By
5522241
217~17P5
SMITHiO?
SMITH1S4
1-2ia85-2
2=-350300~-4
2-3570804-4
203-2737-00-1125
17250
03120-008-BI.
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MANUFACTURERS

SR PART

A£1B0OHIT
AZZ400Z
ERZ4014
L224015
LE2A01E
L2 24030
AZZA0AT
LETAOERD
LEZAODE
ALZII20NZ

YR B

o
P

AN
P2
e

o
N A

SRR
EARSRSES]

AN PO TN
——

N Dol

oo oy O O

k.

-3

L2240

L£2Z3ZT0
LZ2ARETO
L243204
LHZATIE0
E2&0L103
GHEP1501
AERT0O00
&3000585
A401010
HA01010
EHAQ10L0
4010140
HAQLOIO
AA01021
401021
HA401021
£401021
AA401021
HA404022
&HA08021
&H421020
~£451015
40000
&£420000
LHB001 26
AHBOQ027%
&S00280
500281
&TO0OZE2
&EQ02383
£500317%
L0034
A5604731
A500432

100%
2P00
200
0
SO0
TR0
@200
2204
1004
FEO0
200
W0
2F00
I
200
FOO0
PO
PO
LAY B
P00
@200
7647
SO0
P01
1824
3585
41468
5670
7aaY
1824
2283
4145
HETO
Fa3w
e
1004
ez
1001
2585
S5&70
2901
01
2901
Y01l
2901
201
P01
Y01
D201
901

VEMDOOR /MANLIFACTHRER

AMPHENGL NORTH AMERC

GENERAL
GEMERAL.
GENERAL
GEMERAL
GENERAL.
GENERAL.

FLIRFOSE
FLURFISE
FPLRFOSE
PLURFLOSE
FURFOSE
FLURFOSE

CATALINA MAMNUFACTURI
AMP SPECIAL INDWETRI

GEENERAL
GEMERAL
GENERAL
GENERAL
GENERAL
GENERAL

GEMERAL

FURFOSE
PURFOSE
PLRPLSE
PLIRFOSE
FLIRFOSE
FURFOSE
FURPOEE

WECKESSER 0,

RENERAL

FURPOSE

Sk CUSTOM

GENERAL
GEMNERAL

FPLRFOSE
FURFOSE

HERMAN H. SMITH

GENERAL

FURFOSE

S&A CLSTIOM
G & ¥ COMPONENTS. IN
FUJTIZ0KRL ELECTRIC L0
J-E-T SWITCHES
MICRO SWITCH

RAYTHEON COMFPANY

INC.

o K COMPONENTS. IN
FUJISOKL ELECTRIC CO
J-B-T SWITCHES
MICRO SWITCH

RAYTHEON

COMPANY

GRAYHILL INC
aMF SPECIAL INDUSTRI
STACKFOILE COMPONENTS
ALCO ELECTRONICES FRO
ELECTRIC €O
MICRO SWITCH
SEA CHSTOM
SEA CIETOM
S&a CLSTOM
S&A CUSTOM
S&A CUSTOM
SEA CUSTOM
SRA CUSTOM
sLA CUSTOM
S&A CLUSTOM
S&A CHSTOM

FUJIsorn

MAMUIFACTURER FART #

F1-010

4X 1/ Z2FPANHIG /=
A—A0X 1 /APANHEAD

43X 3/ 3BLEPANHEAD
4-40X5/ 1 6FANHEAMD
#4, INSIDE, STAR. LOCK . WASHER
S4-40KEFPNUT
2211022 #AMETRIC/ENG-MNT~5TLD
BRZELZ-1

LT RS/ SPANHD-BLE
L—=Z2 X INYLONFANHEAD
A-SEXL/ 2, PANHEALD. PHILIPS
XL/ APABNHD
LAZ/BFLTHED
#ASTARLOCKWASHER

f B2 HEXNUT
BNEZLZ2

#4, NYLOM/ WASHER
#2X 1 /AFANHEAD/ CAD
#$IMETALWASHER
#1SPLITWASHER
SMITHIZO

1/4" " InsideStarWasher
FIBERGLARS

7T10m

SAL0&1 .

SMT-124

BAl0HT

105F

7107

SA1051

JMT 131

SAL0SE

105H

7&/BOS

S243259-1

B—-AQ47F

M=F 1050

270151

270151

2001011
OWGEZZ217001
OWG#Z001 030
DWGH221 7002
DWNGH2Z001 021
DWGH2001032
20010324

2001038

2001040

2001042

FIGURE 8-20. CONTINUED
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MANUFACTURERS

SA FART

&SI 0000
QOO0
LTI OS5
&7 10100
EHF 10400
A710400
H713001
H713501
L7100
LT 21007
A72i011
LT 40000
HTT1400
A751410
H751450
752101
a&752111
ETELQRT
AS1R00S
7O00003
ralalaletuie
G1E30473
H143014
2O00O0OH0
Hiloizal
HIQTZ20]
LS040
HSOO0452
2400001

AR B0 B | BN B
a1 L 23 0~ e 0
Lo G

L]
ST T I E ]

000
OO
2001
2001
1950
400
ASGOO
{300
A500
500
P00
LNV eY
2230
7236
1004
1004
7az4
1004
1004
01
ISR
Q2003

VENDOR /7 MANLIFACTLIRER

5&A CUSTOM

SCAMBE CAMNOGA INDS
HERMAN H. =MITH INC.
LITTLEFLUSE

r LITTLEFUSE

LITTLEFUSE

 LITTLEFUSE

LITTLEFLSE

WAKEFIELD ENGIMEERIN
THERMAL.L.OY INC
THERMALLOY INC
THERMALLOY 1IN
CENTRAL PLASTICS & R
INTERLDCK

INTERLOCE

INTERL.OCE

INTERLOCKE

IMTERL.OCHK

GENERAL FURFOSE
FAMOTOR

COLORADD CRYSTAL COR
STANDARD CYRSTAL CO.
AMP SPECIAL ITNDIISTRI
AMP SPECTIAL INDUSTRI
SPRAGUE FPRODICTS 0,
aAME SPECIAL INDUSTRI
AMP SPECTAL INDUSTRI
SR CLSTOM

SEA CLSTONM
KEMET/UNTON CARBIDE

FIGURE 8-20. CONTINUED

MAMUFACTURER FART #

DLITS I DEWNCRE
230713

2124
FIUZAGEE/ 313, 500
SAGAKR{ILZ)
F12.400/3A0G
102074

Z4ZE5261L
ROT7-CR/CATHDOFEEO
LO43PE

LDLYR

SUETR
1/780IA,GI0
Q4Q—3020

040-A0Z0

O1-4220
PONERSHPPLYWASHER
MODEL#700

1 OMHz

oM

1OMHZZ2PFLGADCIPPMASTOREC

EOAHLRT~1
2OERATE-T
TG-S0

&4 124462

LAY 2643
2001037
221100%
T110AZZSKOZOAS
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MANUFACTURERS

# 1001

ALCO ELECTRONICS PRODUCTS. INC

1551 OSGoOL ST.
NORTH ANOOVER 2 MY 01845

# 1002
ALLEN BRADLEY C0O.
1201 B0, 2ZND ST.
MILWALKEE 1WI 55204

# 1006
ADVANCE MICRO DEVICES
01 THOMPSGN PL
SUNNYVALE +Ch 408&

# 1250
ANALOG DEVICES INC,
2225 28TH ST. #500
LONG BEACH .CA FOR0&

# 1253
ARCO ELECTRONICS
COMMUNITY DR
GREAT NECK . NY 11022

# 1500
BECKMAN INSTRS/HELIPCT DIV
2500 HARBOR BLV
FULLERTON 1 GA F2634

* 1750
BURR-BROWN RESEARCH CORF.
4730 5. TUCSON BLBV,

INTERNATIONAL AIRPORT IND. PARK

TUCSON  .AZ 85734

# 1851
CAPAR COMPONENTS CORP.
0% CROSSWAYS PK DRIVE
WOCDBURY - NY 11797

# Z204
CATALINA MANUFACTURING CO.
1652 E. PRINCESS ORIVE
TEMPE 1AZ 25281

# 2253
COTO-CORP
&5 FAVILION AVE.
FROVIDENCE RI Q2?05

# 2324
FAIRCHILD/SEMICONTRICTORS
444 ELLIS
MTN VIEW sCA 4040

# 3580
FLIJITSU AMERICA, INC.
2945 KIFER ROAD
SANTA CLARA .CA 25051

# 1002
AlL. STAR PRODUCTS, INC.
F.0O. BQX 21&
EDGERTON »GH 433517

# 1004
AMP SPECTAL ENDUSTRIES
ROCM #3223
FS00 N. CENTRAL AVE.
FHOENIX .RZ 25012

# 100%
AMPHENOL NORTH AMERCIAN DIV,
DIV, BUNKER RAMO CORF.
200 COMMERCE DR.
GAK BRODK + 1L 40521

# 1252
ARNGLD ENGINEERING CO.
1551 E. ORANGETHORFE ARVE.
FULLERTON +CA 2424

# 1254
AUGAT INC
33 PERRY AVE
P BOX 777
ATTLEBORO y MA 02703

# 1501
EELDEN CORP
F.0. BOX 13231
RICHMOND » IN 47374

# 1324
C % K COMPOGNENTS. INC.
15 RIVERDALE AVE
NEWTON +MA 02152

# 1950
CENTRAL PLASTICS & RUBBER
1015 . 23RD ST.
FHOENIX »AZ 35034

# 2250
COLORADD CRYSTAL CORP.
2303 W. gTH ST,
LOVELAND -COo 20337

# 2255
CORNELL-DUBILIER
118 E JONES
FURAUAY-VARINA NG 27526

# 2338
FAIR-RITE PRODUCTS CORP.
P.0O. BOX J
WALLKILL » NY 1256%

# 3585
FUJISOKU ELECTRIC CO..LTD.

1890 KIZUKISUMIYOSHI-CHO NAKAHARA-KU

KAWASAKI ~00562

FIGURE 8-21. MANUFACTURERS’ ADDRESSES
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MANUFACTURERS

# SER3
GRAYHILE INC
545 HILLGROVE AVE
LA GRANGE » Il AQS25

# 416%
J-B=T SWITCHESX
CUTLER-HAMMER
P.0. BOX 1904
NEW HAVEN 2 &T Q4507

# 4500
INTERLOGCK
770 AIRPORT BLVD.
BURL INGAME ,CA 24010

# 4505
INTERSIL
10710 N. TANTAL) AVE.
CUPERTINO +sCA 014

# S002
KEMET/UNION CARBILDE
FP.0.BOX 5928
GREENVILLE .SC 29606

# 5333
LITTLEFUSE
200 E. NORTHWEST HWY,
DES PLAINS .IL 60014

# G666
MALLORY/CAPACITOR
2615 MEM PRWY 5 W
HUNTSVLE »AL 35301

# D443
MEFCO/ELECTRA INC
11445 SORRENTC VLY RD
SAN DIEGO s CA 2121

# S&70
MICRO SWITCH
11 W SPRING
FREEFORT + IL &1032

# 5823
MALEX
Z22ZWILLINGTAN CT.
LISLE LIL &0532

# 5225
MONSANTO COMMERCIAL PRODUICTS
2400 HLLYW
FALO ALTO CA #4304

# &002
NATIONAL COMPONENTS/NCI
CAPACITOR DIV,
IP00 AUSTRIALIAN
WEST PALM BEACH .FL 232407

# 4002

HEWLETT PACKARL/SCIENTIFIC INSTRUMENTS

1601 CALIFGRNIA AVE
PALO ALTO »CA 24304

# 4333
ICOoN DIV, ,USM CORF,
196 &TH 5T,
CAMBR I DHGE - MA Qz142

# 43503
INTEL CORF.
3045 BOWERS AVE.
SANTA CLARA £A 5051

# 4567

J W MILLER DIV DEPT EM
1¥070 REYES AVE
COMETON ,CA 90221

& oSan
T oJdlTe

KRL ELECTRONICS. INC.
140 BOUCHARD STREET
MANCHESTER - NH 03103

# 5425
MARCOM AMERICA CORP.
700 LANDWEHR RQAD
NORTHBROOK .+ IL 40042

¥ SHEL7
MAGNECRAFT ELECTRIG O,
5575 N LYNCH AVE.
CHICAGD ,IL 4046320

¥ Sh69
MICONICS INDS INC
ONE FAIRCHILD AVE
FLAINVIEW -NY 11803

# 2676
MICRQ METALS, INC,
1190 N. HAWK CIRCLE
ANAHEIM .CA 2807

# 5834

MOTOROLA SEMICONDNCTOR PROD. DI

5005 E MCDOWELL RD.
PHOENIX .AZ 5008

# 6000
NATIONAL SEMICONDUCTOR
2900 SEMICONDUCTOR
SANTA CLARA sCA Po051

# 4051
NEC MICROCOMPUTERS. INC.
173 WORCESTER STREET
WELLESLEY > MA QZ131

FIGURE 8-21. CONTINUED
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MANUFACTURERS

# 6333 # L&bG
OMTRONICS MFG, INC. PACFIE ELECTRI CORD, CO.
2420 5. 60TH ST. 747 REDONDD BEACH BLVD.
QOMAHA 2 NE 42106 GARDENA . CA 0247
# L&TY # 7333
FAMOTOR RCA HOGTRS
770 GIRPORT BLVD. 30 ROCKEFELLER FLZ
BURL.INGAME .CA 4010 NEW YORK + NY 10020
# 7334 # 7339
R-0HM CORF. RAYTHEON COMFANY
16931 MILLIKEN/BX 4455 RISTRIBUTOR PRODUCTS OFERATION
IRVINE .CA F2705 FOURTH AVE, P.0. BOX 184

BURLEINGTON M@ 01303

# 7630 # 7466
SAMTEC, INC. SIEMENS CORF.
210 PROGRESS BLVD. 134 WOOD AVE, S0.
NEW ALBANY , IN 47150 ISELIN ,NJ 0g230
# T&LE7 ¥ 76467
HERMAN H. SMITH INC. SCANBE CANOGA INDS
2]12 SNEDIKER AVE. 2445 FLETCHER AVE
BROOKLYN » NY 11207 EL MONTE LA ¢1731
# 7490 # 770C
SHIGMA INC. SIGNETICS INC
20 MARTIN L.N. S11 E. ARGUES AVENUE
ELK GROVE VILLAGE s Ik &0007 SUNNYVALE 1EA 24026
# 7701 # 7702
SICICONIXS INC. SIGNAL TANSFORMER €O, INC
2201 LAURELWOOD R 50C BAYVIEW
SANTA CLARA -CA ¥3054 INWDOD . NY 11676
# 7324 # 735
SPRAGUE FRODUCTS Cd. STACKPOLE COMPONENTS
2951 MARSHALL ST. P O BOX 14444
NORTH ADAMS .MA 01247 RALEIGH . NC 274610
# 7336 # 2000
STANDARD CYRSTAL CO. TEXAS INSTRUMENTS INC.
274C E. BALDWIN FPLACE BOX S012
L MONTE » ChA Pi7E1 DALLAS  ,TX 75222
# 2001 # 2004
THERMALLOY INC TEXTOOL PRODUCTS, INC,
F.0. BOX 3432% 1410 PIONEER DRIVE
DALLAS - TX 75234 IRVING . TX 79043
# 8144 # 3167
TRW CAPACTIROS DIV TRW/CINCH CONNECTORS
301 WEST O STREET 1801 MURSE AVE
nGaLLALA s NE &9152 ELK GROVE VILLAGE 2 IL &0607
# 8502 # POOQ
UNITRODE CORP. WOKEFIELD ENGINEERING 0.
580 FLEASANT ST 77 AUBIEON RO.
WATERTOWN - MA Q2172 WAKEFIELD »MA Q1880
# 7001 # {003
WESTON/SCHLUMBERGER /WESTON COMPONENTS WECKESSER CO.
ARCHEALE -PA 12403 4444 W. IRVING PK

CHICAGD 5 IL £Q441

FIGURE 8-21. CONTINUED
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150C
1IMHZ to ©6O0MHZ
QUARTZ CRYSTAL TEST OSCILLATOR
FOREWORD

This manual covers the operating sequence of a standard 150C. If your
150C has an option 007 or higher, this manual may not apply.

The 150C operational sequence is determined by Read Only Memory (ROM)
which can be changed. The ROM can be changed to set up a new
operational seguence.

Refer to the 150C Operation, Calibration and Maintenance Manual for
specification, circuit description, schematics, parts list, etc.

The 150C CI Meter is capable of acquiring the following measurment
parameters:

Fr - Series resonant frequency or
deviation in PPM from a reference

Fp - Load resonant frequency or
deviation in PPM from a reference

Cs and Ct - total capacitance measurement

Cl - Motional capacitance

Rr - Beries resonant crystal resistance

P - Power dissipated in crystal

Option 002 - if ordered with 150C Analog output of

frequency deviation in PPM
from a reference.

The operating procedures for Option 004 are the same; the only effect
is to change the nominal operating range.

The 150C will not be able to interface the 2000A/B Printer Processor
unlessthe customer specifically requests this feature.

=






SECTION 1

FRONT PANEL CONTROLS

The CI meter front panel, Figure 1l-1, has several user

setable controls. This section covers the function of various
controls and displays.

1

10

Band switch selector

. =]
tc the proper range of the crystal to be tes

The band switch must be set

tad.,
8-digit light emitting diode display. The
digplay shows all measurement results.

Crystal under test power dissipation set (P).
The setting is done with a standard screwdriver.
The adjustment can be depressed to enable

the CI Meter to read power in the crystal

in microwatts. All 3 LED's under the switches
will light.

Resistance test switch (Rr). Depress to activate.
The LED below the switch will light when the
switch is activated locally or under remote
control.

Load resonance enable (Fp}. The switch is a
momentary when depressed. The switch can be
locked up to enable load resonant measurements
continually. The LED below the switch will
light when the switch is activated locally or

uhder remote control.

Load capacitance (Cs) or load capacitance + crystal
capacitance (Ct) measurement enable. Depress to
activate. The LED below the switch will light
when the switch is activated locally or under
remote control.

Frequency adjust to set the CI Meter to
frequency with resistor in test socket.

Mode set switch. 16-position screwdriver
adjust switch which sets the operating mode.
Read Position on the display when R, Fp and Ct
are depressed simultaneously.

- Load capacitance (Cs). Adjust.

Crystal test socket. Various configurations are
available from Saunders Associates, Inc.



11 - Crystal activity display'— Brightness proportional
to crystal resistance. (B right is maximum
resistance. )

12 - Banana lug to permit holding various test
fixtures to the front panel (not RF-ground).

Figure 1-1 CI Meter Front Panel



Special front panel control conditions require

multiple switches to be depressed simultaneocusly.

Switches depressed|Mode|Description of Measurement |[Display
None 0 Series rescnant frequency® | XXXXXXX.X
and or Hz
2 HEXAXXXX
1 Series resconance will XXOXXXX . X
and |display in PPM deviation or PPM
3 from reference PhXXXXX.X (below)
R 0-3 {Series resonant resistance | XXXXXXX.X ohms
Fp 0 Load resonant frequency¥* h:0.6.0.0.0.0.49 4 Hz
and or
2 ). 6.9.9.0.9.0.9 48 Hz
1 Load resonance with XEXXXXX . X
and |display in PPM devia- or PPM
3 tion from reference * DEXXXXX.X (below)
Ct 0-3 |If crystal socket empty XXXXXX XX pF
the value of Cs with
crystal under test Cs +
Co of crystal
Power 0-3 |Power dissipated in KXXXXK XX puW
crystal under test
R and Fp 0-3 |Load resonant fregquency XXX . X Hz
Value saved as reference or
Vary Cs to get desired ).9.6.0.0.9. 49.9.4
reference frequency
Fp and Ct 0-3 |Motional capacitance of XX XXXHXX  pF
the crystal
R and Fp and Ct - Mode set COCCCCCX
Vary the mode set switch
The value of 'X' in the
display is the new mode.

*If Option 002 is supplied with the unit and the unit

is operating in Mode 2 and 3,

output is enabled.

the analog frequency
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SECTION 2

GENERAL SETUP

The setup procedure of the 150C CI Meter is described in this
section. The sequence presented should be rigorously followed to
maintain maximum instrument accuracy. The 150 holds power constant
independent of crystal resistance, for many crystal test
specifications. This permits a single resistor value to be used
during setup. For most setups, 50 ohms is recommended as an average
value. Minimal correlation error in Fr has been obtained in utilizing

[eS——

[O————

[

™

a single resistor.

NOTE

Correlation errors can be reduced even further
by setup procedures covered in Appendix B.

The necessary controls are located on the front panel (Section 1).

A.

Calibration Resistor

As with all current crystal test instruments
(oscillator, as well as transmission), initial
frequency or phase is calibrated by a substitution
resistor. This resistor should have a minimum
inductive component and the shortest lead length
possible. One percent monolithic resistors

have proved the most satisfactory for

this purpose. ' The critical nature of

the calibration resistor is a direct

function of the test frequency becoming

most significant for the 40-60MHz band.

Frequency and Power Set

Mith.oscil gnt:panel

W: S¢ v tor making Fr readi
switches depressed and mode 0 or .2), set
range switch to appropriate band for crystal
to be tested and insert calibration resistor.
Display will indicate the operating fregquency
of the oscillator and the oscillation indi-
cation light will glow. If the right 5
characters of the display are "EEAGC", and
AGC or an out of range condition has been
encountered.

(Refer to Section 3 codes.) This typically
occurs when the power set is too high or too

2-1
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low for the frequency range oOr resistance
value. Increase or decrease the power setting
until an in-range indication is encountered.

Push in on power set potentiometer to display
power. This is displayed in microwatts; set
to required power while depressed. Release
power set potentiometer. Depress R toggle
and check resistance value indicated versus
~alue of calibration resistor.

With power set to proper value, adjust the
frequency of the oscillator to the frequency

of the crystal to within the 3-4 most significant
digits for suitable accuracy. The unit is now
set for proper measurement of the crystal series

resonant fregquency and resistance.
Load Capacitance Adjustment

To set the proper load capacitance, the crystal
socket of the CI Meter must be empty. Depress
the Ct toggle switch and the current value of
load capacitance (Cs) will be displayed with
resolution of 0.01 pF. With Ct still depressed,
adjust the value with the series capacitance knob
to that required.(approximately 20-110pF).

Measurements

The setting of frequency, power and load capacity
are all that is required to begin crystal testing.
With a crystal inserted in the appropriate socket,
characterization can be accomplished in the

following manner:

1. 1Insert crystal - Record Fr (series resonance)

2. Depress R - Record Rr (series resonant
resistance)

3. Depress Fp - Record load frequency

4., Depress Ct -~ Record total capacitance

5. Depress Fp and Ct - Record motional
capacitance.

Special Tests

The internal capacitance meter of the 150C
results in a convenient method of determining the
load capacitance requirements of an oscillator.
Set the 150C up for proper operation at series
resonance. Obtain the operating frequency

of the crystal in the unknown load oscillator
and then insert the crystal into the 150C.
Depress the Fp switch and vary the series

2-2
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capacitor until the displayed frequency is

equal to the frequency in the unknown oscillator.
Remove the crystal from the 150C, depress Ct

and read the regquired load capacitance. The
capacitance is the load presented by the

unknown oscillator.
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SECTION 3

ANALOG OUTPUT QPTION 002

Section 3 covers option 002 for analog frequéncy output.
This section covers the setup and utilization of the analog output
option.

The analog output option uses the reference freguency entered by
holding down the R and Fp switches and adjusting Cs to the proper

frequency. The last read frequency is the reference which is stored
in the 150C memcry. As the 150C makes Fg or Fp readings and the

analog output mode is enabled, the analog output is set to a new value
proportional to the deviation from the reference frequency.

The analog output is ~ 5 volts for an OPPM deviation. An output of 7
0 volts corresponds to -500PPM and an output of ~ 10 volts corresponds
to +500PPM. The high resolution digitial to analog converter used to
generate the analog frequency output does not have high absolute
accuracy. The following sequence should be followed to set up the
analog output.

1. Set 150C to Mode 4. The display will remain:

CLCLLLLA,

2. The analog output will remain at the mid-point
corresponding to zero PPM deviation. The
equipment connected to the analog output can
now be adjusted for the mid-output level.

3. Set the 150C to Mode 5. The display will remain:

O I R I

4. The analog output will be at the maximum signal
level corresponding to +500PPM. The equipment
connected to the analog output can be set for
the maximum level. '

5. 8et the 150C to Mode 0. The display should be
Fs with no switches depressed.

6. The analog output will be at the minimum signal
level corresponding to -500PPM. The equipment
connected to the analog output can be set and
checked at the minimum level. '



7. Set the 150C Mode to 2 or 3. Mode 2 displays
frequency in hertz for Fs and Fp. Mode 3
displays deviation in PPM from the reference

fregquency for Fs and Fp.

The analog output will be enabled and operational. In mode 0 and 1
the analog output is set to the minimum level output.

The analog output will be upgraded approximately every 400m sec.

An example application would be to use the 150C to plot on a two pen
IZI: +o L1 ME

strip chart reccrder, frequency and resistance. Assume a - 105
deg. C.run in 7 minutes. The 150C would update the plot every 400m
sec., or every 0.15 deg. C. With the option 002 resolution of 0.1PPM,
the strip chart will show excellent results. The chart is easily
calibrated with its axis always in PPM and {independent of frequency
therefore, no scale setup modifications are required when the
fregquency is changed. The resistance will always be in ohms.

!
i
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APPENDIX A

Errata Information

150B/C UPDATE
SEPTEMBER 1983

A) EXTERNAL FREQUENCY STANDARD INPUT

Problems

Because of excessive standard input noise and
having the frequency standard ground very
different than the powermains ground IC-IB5
has been destroyed and bad external standard
operation has occurred.

All new units are being shipped with an input
isolation transformer (150 SN and higher

- 140 SN and higher).

OLD CIRCUIT (Page 8-7 of 150C)

( * I RB32 =
JF1-4 CB12 RB48
J3-g >— > il AN

JF1-5 CB13 RB25

J3-8 > = i1 AN

NEW CIRCUIT

[ ] =
@ JF1-4 CB12 AB32 " RB48
J3-9 —>>—} AN
JF1-5 || CB13 RB35
J3-82> >> il W

SA PN 0001688
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APPENDIX B

Review of 150C Accuracy Versus Other Test Methods and
Methods for More Precise Setup

GENERAL

The following addendum to the 150C Test Oscillator Manual provides
more detailed setup procedures.

In addition, some overview of current crystal measurement techniques
is provided with comments as to correlation between various methods.

There are currently three methods, or instruments, most commonly
utilized for characterizing quartz crystal units. These are:

1) HP 4815 Vector Impedance Meter
2} IEC recommended Pi-Network
3) Various oscillators

Each of the above has assets and liabilities. The 4815 could be an
excellent standard were it not for its limited frequency range and the
fact that its power capability is 1-2 orders of magnitude less than is
typically specified. 1Its significant advantage is that of the three
instruments; it does not appreciably load the crystal Q and therefore
gives better resolution of series resonance. It is an excellent
instrument for low drive tests related to starting resistance
prcblems.

The IEC recommended Pi-Network has become the most universal standard
in the industry and is used as a basis for correlation in. this report.
It should be recognized that it also has some basis for error. Some
care or thought must be given to the inductive component of the
calibration resistor if phase is utilized. The PI-Network does load
the crystal Q by adding 25 ohms in series which degrades resolution
and is driven by a constant voltage generator, resulting in crystals
with varying resistance being measured with varying power.

While the Pi-Network is an excellent standard for correlation
purposes, its mechanical configuration presents difficulty in
automation in an environmental chamber., The paragraph of Section 5 of
IEC Publication 444 (defines Pi-Network) should be given consideration
- "The construction of the Pi-Network determines the accuracy of the
setup." Additionally, the associated equipment required to automate
the Pi-Network would considerably increase system cost and reduce
speed of measurement. As such, we still hold to the oscillator for
production measurements.



FREQUENCY CORRELATION

As indicated, we will defer to the Pi-Network as the ultimate standard
of the industry and in the following relate the accuracies and
excentricities of the SAl150C Test Oscillator to it. A prefacing
comment might be appropriate. In general, instrument correlation has
been related to ppm deviation from the accepted standard. The Philips
Company in Eindhoven has been kind enough to suggest the SAL50C Test
Oscillator as a secondary test unit, if measurement accuracies on the
ordexr of 5ppm are tolerable. This is believed to be more than a fair
observation over the frequency range of the instrument. However, an
absolute ppm error is not an appropriate rating for any test

instrument since the resolution of the series resonant freauencv
instrument gince the resoiution of CLhe series re freguency

not only a function of the test instrument but of the crystal
impedance as well. '

ia
ile

Ml w

Consider the networks of both the oscillator and Pi shown in Figure

B-1A and B.

Tuned Amplifier
<100
Output

Impedance

Series Capac—

itor 870

4740

I —

27Q Crystal under
Test

()

R
3
o——g—NA——| —
66.2 66.2
v 159 14.2 14.2 159 2
< & & & > O

FIGURE B-1 &) 1508 Equivalent Circuit
B} IEC444 Pi-Network

Neglecting reactive elements which to a great extent are minimized by
the values of resistance, the above networks in the vicinity of the
crystal frequency can be reduced to that of Figure B-2.
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For the Pi, Rl =

For the 150, Rl

By virtue of the measurement,
occur in series with the crystal and

R1

R2

O
{

Qc by the following function.

4]

it can be shown that R1 and R2
degrade its equivalent

L

On = Qc (1)
f_+Rl +R2]
Rr
Where: Qc .= Actual crystal Q
Rr = Crystal series resonant resistance

Equation 1 in effect gives an indication of the ability of the test
method to resolve the resonant frequency of a crystal. From
relationships of Q, the 45 deg. phase pointg and frequency, it can bhe
shown that phase slope in the instrument is:

10 4

A= + Rt * (wC1) * 104 | ppm/deg (2)
Qc :

Rt = R1 + R2

The above equation reflects that the phase slope at resonance is
steeper than at the 45 deg. points, and is approximately the average
of two.



The first term is the best that can be done with an unloaded crystal.
Assuming a typical crystal Qc = 100,000, then the phase slope is .10
ppm/deg. Assuming phase resolution is +/-2 deg., the resulting error
of measurement due to the first term is 2 * 10 to the -7. This is
the same for all instruments.

It is the second term which produces the difficulty. Figure 3 is a
graphical projection of ppm/deg. vs. frequency for typical crystal
motional capacitance values. The larger, the more difficult the
frequency resclution. The upper limit of motional capacity is based
on the typical maximum crystal shunt capacity (7pf). Again, assuming
a 2 deg. phase error and desiring a 2ppm correlation error, the cross
hatched area indicates the prime area of difficulty. The break at
30MHz is where typical production changes from fundamental mode to
third overtone with motional capacity decreasing as the order of

overtone squared, which in turn increases the crystal impedance by the

same factor.
3rd Overtone AT —|

Fundamental AT

«——— Area where 2 deg. phase error exceeds

+2 ppm correlation errov

“Beq uddy

]
I
10 20 30 40 50 60

Frequency (MHz)

Figure B-3 Crystal Pullability in PPM per Degree
of Phase Shift for Various C Motional
(Cl values Versus Frequency) for the
SA 140EB.
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Figure B-3 is a graphical projection which relates entirely to the SA
150C Test Oscillator. The error or deviation in ppm/deg. for the
Pi-Network is half that shown by virtue of its lower terminations. In
addition, the allowed phase error of the Pi is .2 deg. with possible
degradation to 1 deg. with asscciated test equipment and setup errors
such that the Pi should lie within +/-~1lppm for all conditions.

With regard to the 150C, it is possible to reduce the +/-5ppm
indicated by Philips to within +/-2ppm, with a more specific setup
procedure than the 50 ohm resistance value originally recommended.
(We have recently encountered deviations from Pi-Network measurements
as high as 10-12ppm on crystals with 2 ohm resistance and .027 pf
motional capacity values. These errors stem from the recommendation
of using a 50 ohm setup resistor.)

There was, and still is, valid reasoning behind the suggesticn of the
50 ohm resistor. First, since the 150C truly AGC's on power, the
power requirement of a typical specification is maintained for all
resistance values. This eliminated the multi-resistor values required
by constant voltage instruments. 50 ohms also minimizes the effect of

‘the stray inductance of the setup resistor which could produce

correlation errors in the 40-60MHz band. It also met, in all cases
tested, the +/-2ppm window which Saunders and Associates, Inc. was
attempting to meet. Unfortunately, at the time recommended, Saunders
and Associates, Inc. did not have all of the infinite variety of
crystals available which have recently caused difficulty.

Consider, in setting up on a 50 ohm resistor and then inserting a 2
ohm crystal maintaining constant power across the terminals, the
oscillator is required to increase voltage to the network by 2.8 times
and power by almost 8 times. Evaluation of four random 150 units from

the production line resulted in the crystal resistance vs. oscillatorx
phase function shown in Figure B-4,

From Figure B-4 and Eguation 2, correlation errors can be predicted
and minimized. Related to setup procedures, setup resistance should
be used as follows:

Crystal Resistance Setup Resistor
2-5 ohm ‘ 3 ohm
5-15 ohm 8 ohm
15-up 50 ohm

This should result in errors less than +/-5ppm in all cases. Where
greater accuracy is required, closer resistance values may be
necessary.



The use of setup resistors closer to the resistance value of the
crystal to obtain closer correlation brings up a guestion as to the
real need for such tight correlation requirements.

A typical example of a crystal where correlation was a problem is as
follows:

Name plate frequency

= 16.135000MHz
Series Resonance (PI)= 16.125461MHz
Cl = .,027 pf
RR = 2.4 ohms
Computed correlation error 14.1 ppm
Actual correlation error 12.5 ppm
&



P

O,

PO

[Ep————

[PN— -

[T—

L——)

[P

[ES—

seeiBeq ul HIYS esey.

10
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0 to 14 Ohms
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10
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Crystal Resistance in _Ohms

Figure B-4

50

Oscillator Induced Phase Shift on the Crystal Under
Test as a Function of Crystal Resistance when Using
a 50 chm Setup Resistor '

80

7¢C



From the nameplate frequency the crystal was obviously lcad resonant.
The difference in nameplate and FR is 591 ppm.

6

Then Ct = Cl1 * 10
2 * 591

Ct = 22.8 pf

The sensitivity in ppm/pf at load is:

6
Ci * 10
8 = = 26 ppm/pf
2
2. (22.8)

What appears to be a significant error in freguency is actually an
error of .54 pf in the required load, which, from Saunders and
Associates, Inc. experience in building oscillators, is of virtually
no consequence.

If we were to assume series resonant operation, the 12-14 ppm error is
equivalent to a reactive component in series with the crystal of 10
ohms or .1 micro-henry or 1000 pf, again, far less than can be held in
oscillator design.

In addition to the setup resistor, a correlation error can be
introduced by the tuned circuit of the amplifier. The Q of the tuned
circuits on any band, ranges from approximately 6 to 26, the latter
being the worst case condition. From this we can derive the required
setup resistor frequency setting as:

Sr ppm = Sc ppm * QOn

26
Where:
Sr is oscillator deviation in ppm with resistor
from FR.

Sc is required crystal resolution in ppm from FR.
On is per equation (1).

Using the previous crystal as an example, Qc = 152 K ohm, Qn = 6976.
Then to resoclve the crystal to 1 ppm, we must set the oscillator to
within +/-250 ppm. This is about the limit of the capabilities of the
150B. For most semi-precision crystals we have tested, the factor Sr
is in the vicinity of 2000 ppm/ppm and repeatability typically within
+/-2 - 3 * 10 to the -7.
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CAPACITANCE CORRELATION

In addition to frequency correlation, we have received inquiries as to
capacitance measurement accuracy, specifically the crystal shunt
capacity. This is one of the most difficult parameters to measure
since typical values are less than 7 pf and highly subject to strays..

The accuracy of the Saunders and Associates, Inc. 150C Capitance Meter
is rated at +/-2%. It is also a single ended capacitance bridge {(one
crystal pin is at virtual ground) as opposed to most precision bridges
which are essentially double ended instruments with both terminals
guarded and at virtual ground. The 8A 150 is comparable, for exzampie,
to the HP4815, It should also be noted that any load resonant
oscillator is single ended, with a high impedance point at the
junction of the load capacitance and crystal. Since this is the case,
the SA 150 accounts for the capacitance which will be encountered in
the end use oscillator.

Consider Figure B-5A and B-5B. Figure B-5A presents the inherent
capacitance of an enclosed crystal unit. A comparison of measurements
between a double ended and single ended capacitance bridge would lead
to the following values:

Co Measurements for Various Test Conditions

Double Ended
Measurements

Single Ended
Measurements

Test Conditicn
for
Crystal Case

Typical Capacitance

Meter bridges with
guarded virtual
grounded test

SA150 - HP4815
One crystal
pin held at
virtual ground

terminals
Ungrounded Co =CB + CE + C Co = CB + CE +
2 C + CX
2
Grounded ~Co = CB + CE Co =CB + CE + C

A typical crystal can be found to have the folliowing values:

Cl = .01pf (The actual capacity ratio
CE = 1.7 pf of AT cut crystal is
C = 1 pf approximately 160-170)
CB = .1 pf
CX = .3 pf



Assuming the crystal to be grounded in the end use oscillator, it
might be the decision to ground the crystal for static capacity test.
Then for the double ended bridge Co = 1.8 and Co/Cl = 180. For the SA
150, Co = 2.8 and Co/Cl = 280, resulting in a considerable difference.
Again, the secondset of readings would be those encountered in the end
oscillator circuit.

10
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Front Panel cof Test Instrument

Cx l Crystal cover

|
é C4 = Crystal Motional Capacitance
11 ) Cg = Quartz Electrode Capacitance
!
Cg Cp = Holder Base Capacitance
LTNSTNSTNSTN 1
e T T 1 ‘—| !—M\—Q C = Co = Cg = Pin to Case Capacitance
Cy Cyx = Crystal to Front Panel Capacitance
o] (o]
Crystal Pins
(A)
Physical Measurement
T
Metal Front Panel
C o — —
N
[
[ ——
_____ 4
Rt
(B)

Figure 5 - Crystal Capacitance Equivalent Circuit
(A) Shows Crystal and Stray Capacitance
(B) Shows Crystal Can to Front Panel
of 150C Stray
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001-1 DESCRIPTION

The Option 00l permits the Crystal Impedance Meter measurements to be set
and read by a controller operating to the IEEE 488-1978 Data Bus specificatiom.

The IEEE 488 bus is also known as the Hewlett Packard Interface Bus (HPIB)
or the General Purpose Interface Bus (GPIB).

The functions and specifications of the bus interface are covered in the
"IEEE Standard Digital for Programmable Instrumentation' IEEE Std. 488-1978.

The IEEE 488 bus permits the user to set the CI Meter to Series Resonant
Frequency (Fr), Load Resonant Frequency (Fp), Total Capacitance (Cy), Series

Resonant Resistance (Ry) and Power (P). The user sends a Trigger Character
of BASCIT to start a Crystal Impedance Meter Measurement. The results of

_— =i 184 L Y CaLaTiio. Fp St

the measurement are then available to send over the bus to the controller.
Refer to the Crystal Impedance Meter User Manual and Maintenance Calibration
Manual for a full description of the measurements.

001-2  OPERATIONAL CHARACTERISTICS
The CL Meter is controlled by a Command Character which sets the instrument
mode. After the Command Character, the trigger character 8ASCII must be
sent to trigger the conversion. Sending of the Command Character will set

the CI Meter Function Display.

Do not send the CI Meter any other characters. Do not send carriage return
and line feed.

IEEE 488 BUS INTERFACE CONTROL CHARACTERS

PN

Function Set ASCIT Command Hex Value Results
Character of Character

¥+ Series Resonant 0 30 Frequency in Hz
Frequency

Fp Load Resonant 4 34 Frequency in Hz
Frequency

R Series Resonant 2 32 ResIstance In Olms
Resistance

Cy Capacitance in 6 36 Capacitance in picofarads
picofarads

P Power in 1 31 Power in microwatts
microwatts

Resulting Data Format on IEEE 488 Bus (All results are sent in this format)

}E S Ml M2 M3 M4 M5 M6 M7 Mg M9 M].O Mll M12 ? S\ Nl Nz (4 1
f . = - £
l-Mantissa 12 BCD digits ) Line feed
Decimal point is assumed
after the M12 character Carriage return
Sign of mantissa ("+" 2By, "-" 2Dy) Exponent (BCD)
—Crystal Impedance Meter Status LSign of expoment
(I!+|’I’ 2BH, e ZDH)

~-Indicates exponent (65y)

(1)




Crystal Impedance Meter Status Character

ASCII Hex Value of
Character . Character Indicated Status
L 4C Valid Results
CI Meter on Internal Standard
D 44 AGC error or CI Meter out of range
CI Meter on Internal Standard
M 4D Valid Results
CI Meter on Extermal Standard
E 45 AGC error or CI Meter out of range
CI Meter on External Standard

The Crystal Impedance Meter sets the bus SRQ line low when a conversion
is complete.

The SRQ line is set high when either the data of the conversion is read
or the controller executes a serial poll of the Crystal Impedance Meter.
The Serial Poll character contains no information except the character is
40 when SRQ is active and OOg when inactive.

The Crystal Impedance Meter measurement sequence in the IEEE 488 measure-
ment mode is flow charted below:

If 488 bus remote -=

Ne Yes
. 1 1 J . a4 s .
Remainder of Set display decimal point in
program most significant character

If control character sent over bus

" /lwa's

If GET Set Mode intermnally

YeF/////N\\\\EP

Make measurement

Load CI Meter display {(remote decimal point off)
Load CI Meter status

Set SRQ low

Send status and results

Set SRQ hi

(2)
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001-3

BUS ADDRESS SETTING:

The bus address is loaded about 3 seconds after the Crystal Impedance
Meter powers up. The address is not reloaded at any other time. The

switch setting should be set prior to power up.

The address switech is

located on the front of the Crystal Impedance Meter control board. Re-
move the Crystal Impedance Meter cover with POWER DISCONNECTED to set

the address.

Switch 6 should always be closed.

SD3 Switch Position Talk Listen

5 4 3 2. 1 Hex | ASCI1| Hex | ASCI1

—_—_—

C C C C C 40 @ 20 SP
C C C C ] 41 A 21 !
C ¢ C ] C 42 B 22 v
C C C [} @ 43 C - 23 #
C C /) C C 44, D 27 )
C C ¢ C @ 45 E 25 Z
C C ] 7] C 46 F 26 &
% | C C @ ) [ 47 6 27 !
C ¢ C C C 48 H 28 (
c @ C C @ 49 i 29 )
C ¢ C @ - C LA J 2A %
C [ C ] i 4B K 28 +
C g ] C C 4C L 2C ,
C @ ) C @ 4D M 2D -
C ) @ /] C 4F, N 7E R
C [ @ [ i LF 0 | 2% /
] C C C C 50 P - 30 0
i C C C [ 51 Q 31 1
[ C C @ C 52 R 32 -2
¢ C C [} [} 53 S 33 3
[ C ] C C 54 T 34 A
[ C [ C ] 55 U 35 5
@ C [ ) C 56 v 36 6
# C [ @ /) 57 W 37 7
[ ¢ C C C 58 ¥ 38 8
[ [ C C ] 59 Y 39 9
@ i} C @ C SA E 3A :
) @ C /] [/ 5B C 38 :
] [/ [ C C 5C / 3C <
? [} [ C ] 5D | 1 3D | =
) @ /] ] C SE A 3E >

9]
il

Closed

=
1

Open

* Value set when
shipped from
factory

(3}
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CIRCUIT DESCRIPTION

The interface circuitry comsists of a complex large scale integrated
circuit, 16 bus transceivers and bus terminatiom resistors.

The bus transceivers have a control line which sets the direction of
signal flow. The bus driver portion of the transceivers has a control
line which sets the direction of signal flow. The bus driver portiom of
the transceiver is an open collector output. The receiver portion drives
the LSI circuit with a TTL compatible output. See Figure 001-1.

The bus transceiver direction is determined by the control circuit IEl of
Figure 001-2. The control circuit interfaces with the CI Meter's pro-
cessor to read CI Meter control and send measurement data.

001-5 MAINTENANCE/REPAIR

The IEEE 488 Data Bus option requires no maintenance except the back panel
connector should be kept clean to ensure good electrical contact.

The most common repair would be to replace a failed bus transceiver. The
circuits which receive data can be checked by grounding the appropriate
488 Data Bus line and checking the signal on the proper pin of IEL. The
IEl pin 1 (T/R1l) signal should be checked as this line determines the bus
transceiver's communication direction. These drivers would need to be
carefully unsoldered, replaced and resoldered if a failure is found.

The 488 bus address setting switch SD3 contacts may become oxidized. Re-
peated opening and closing of the switch before setting a new address
will ensure a good switch closure.

If malfunction of the 488 Data Bus option continues to cccur and the re-

mainder of the Crystal Impedance Meter is operating satisfactorily, the
Crystal Impedance Meter should be returned to the factory for repair.

(4)
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To IEl 488 Data
Bus Interface

TTL Compatible Output

+5v

3K

To Data Bus

Circuit
Enable Transceiver Direction
“~Open 0 Receive
Co%lector 1 Transmit
Enable Driver
Figure 001-1 IEEE 488 Data Bus Transceiver Interface
SMH=z Clock 8 bus
T T _—
0  selects IEl}lgs buS sciever< 8 lines 488 Bus
1/0 IE2, IE3 Data lines
T T T 1
1" sets IE1 "IDLE Reset
'0' Read from IEL |RD 1E1
Control
"0 Wi el |=< Logic
0 rite to IEl |iR for T/R1 1 ? Enable
488 _ ™N
Data SRQ > SRQ
CI Meter 3 lines:> Bus I’,1
Processor IFC 1FC
Address ‘\\JIE4
‘\\J 488 Bus
REN g REN Control
. \\\J Signals
CI Meter 8 lines NDAC
Processor NDAC IES |
Data Bus NRFD . N REFD
DAV
IES DAV
__+::>(>—-E
'1' when transmit [INT EQI 1E5 EOI
CI Meter Buffer empty T/R2 E ”/’
Processor

Figure 001-2

Block Diagram of 488 Data Bus Interface Circuit




001-6 CALTBRATION

There is no calibration required for the IEEE 488 Data Bus Interface.
‘The setup of the Crystal Impedance Meter per the unit's Operation and
Maintenance Manual will ensure the IEEE 488 Data Bus option is oper-

ating per the Saunders and Associates, Inc. and the IEEE 488-1978 Bus
specification.

001-7  TYPICAL HP85 CALCULATOR PROGRAM

T S S 6
! = Proin Mo

e
]
! Mater addresss?
: - e
: [V S
i MR, T o M
I ‘H: y _‘l:) i ; ;‘::,:

arriage return &

(et

Hets to Loocal

LT

EXAMPLE RESULTS

(6)
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CRYSTAL IMPEDANCE
METER
KEYPAD

Saunders and Associates, Inc. certifies that
this instrument was thoroughly tested and in-
spected and found to meet its published
specifications when it was shipped from the
factory. '

WARRANTY AND ASSISTANCE

This Saunders and Associates, Inc. product is warranted
against defects in workmanship. This warranty applies
for one year from the date of delivery, or, in the case of
certain major components listed in the operating
manual, for the specified period. We will repair ot replace
products which prove to be defective during the warranty
period provided they are returned to Saunders
and Associates, Inc. No other warranty is expressed or
implied. We are not liable for consequential damages.
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SAFETY SUMMARY

The following general safety precautions must
be observed during all phases of operation,
service, and repair of this instrument. Failure to
comply with these precautions or with specific
warnings elsewhere in this manual violates safety
standards of design, manufacture, and intended
use of the instrument. Saunders and Associates,
Inc. assumes no liability for the customer’s failure
to comply with these requirements.

GROUND THE INSTRUMENT

To minimize shock hazard, the instrument
chassis and cabinet must be connected to an
electrical ground. The instrument is equipped
with a three-conductor ac power cable, The power
cable must either be plugged into an approved
three-contact to two-contact adapter with the
grounding wire (green) firmly connected to an
electrical ground (safety ground) at the power
outlet. The power jack and mating plug of the
power cable meet [nternational Electrotechnical
Commission (IEC) safety standards.

DO NOT OPERATE IN AN EXPLOSIVE
ATMOSPHERE

Do not operate the instrument in the presence
of flammable gases or fumes. Operation of any
electrical instrument in such an environment con-
stitutes a definite safety hazard.

KEEP AWAY FROM LIVE CIRCUITS

Operating personnel must not remove instru-
ment covers. Component replacement and internal
adjustments must be made by qualified mainte-
nance perscnnel. Do not replace components with
power cable connected. Under certain conditions,
dangerous voltages may exist even with the power
cable removed. To avoid injuries, always discon-
nect power and discharge circuits before touching
them.

DO NOT SERVICE OR ADJUST ALONE

Do not attempt internal service or adjustment
unless another person, capable of rendering first
aid and resuscitation, is present.

DO NOT SUBSTITUTE PARTS OR MODIFY
INSTRUMENT

Because of the danger of introducing additional
hazards, do not install substitute parts or perform
any unauthorized modification to the instrument.
Return the instrument to Saunders and Associates,
inc. for service and repair to ensure that safety
features are maintained.
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SECTION 1
DESCRIPTION

The keyboard is designed to interface with the
140A/150B/150C/M60A Crystal Impedance Meters.
The keyboard permits keying in numbers, setting
or changing the operating condition and displaying
C| Meter status. Figure 1-1 shows the 16 keypad,
which is Option 003,

All operation conditions covered in the Basic
Operation manual can be performed as well as the
additional conditions covered in this manual.

In the basic configuration, Option 003, the
keyboard permits the user to input a reference fre-
guency and deviation to be displayed as in the
standard Cl Meter unit. The Option 003 can also
permit the following option and functions to exist.

Option 001 |EEE 488 Bus Interface
Option 002 Anaiog Ouiput
(reference frequency from keyboard)
Option 004 Limited Power Range
—_ ' 2000A/B Interface

The keyboard also permits a special measure-
ment option to be enabled. Option 005 in conjunc-
tion with Option 003 permits two basic types of
testing. .

a. Engineering type measurement:

Many possible crystal measurements are per-

missible with the ClI Meter displaying the

results.

b. Inspection Pass/Fail Mode:
Crystails are checked against limits and
pass/fail indication given. This test is very use-
ful for incoming crystal inspection.

The keyboard interfaces the Cl Meter through
the /O port which also interfaces the 2000A/B
Printer Processor. The keyboard derives all power
from the interface. The keyboard function is deter-
mined by ROM programming of the Cl Meter.

Several of the calculations and measurements
performed by the Cl Meter are designed o reduce
the burden of engineering. For example:

* The CI Meter can compute the load capacitance
necessary to put the crystal at a specified fre-
quency. Infact, the program can compute the value
of & negative capacitor (inductor) which would
move the crystal down 1o a specified frequency.

* Pullability of the crystal at any specified frequen-
cy in parts per million per picofarad can be
calculated.

# The ioad resonant frequency of a crysial can be
computed at any specified load capacitance.
This permits the user to specify a load capac-
itance less than the 14pF the Cl Meters are
typically capable of. The Cl Meter measures the
value at the Cl Meter settings and computes the
value at the user specified load and displays the
result.

An example of an oscillator design follows.

Requirement:
10MHz Oscillator, resettable to 10MHz at
25°C for 5 years.

Circuit Results:
28pF load with a trim range of +8pF.
Trim range was found by using the Cl Meter.
The actual oscillator was set to the

1-1



OPERATING PROCEDURES

minimum capacitance value and the resonant
frequency value was measured with a frequen-
cy counter. The actual oscillator was also
measured at maximum capacitance.

The crystal was removed from the oscillator
and installed in the Cl Meter. The Cl Meter
was input to the highest recorded frequency
and told to compute the load capacitance.
The same was performed at the lowest re-
corded frequency. The values displayed by the
Ci Meter are the actual orystat 1oad seen by

the crystal.

Final Crystal Specification:

The Cl Meter showed the crystal to have a
4.5PPM/pF pullability at 10MHz.

+ 1pF of the trim range is assumed to be
needed to allow for circuit variation in produc-
tion.

The crystal manufacturer guarantees the
crystal will not shift more than 1PPM/year or
the worst case, 5PPM in 5 years. We must
allow 1.1pF of the trim range to cover crysial
aging.

The finally usable trim range available is
+5.9pF or (4.5PPM/pF) (5.9pF) = +26.5PPM.
Therefore, the crystal must be specified as a
10MHz crystal at 28pF with a tolerance of
26PPM.

1-2
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~ SECTION 2
SPECIFICATION

This section covers the spegifications of the
keyboard function as well as the calculations used
in the various modes.

2.1. KEYBOARD
16 Keypad
9 number keys 0 through 9

[=] minus key Makes number or ex-

ponent minus.
[ -1 decimal point key Adds decimal point
to entry.
Clears current
number being

clear key

entered.
exponent key Sets to exponent
mode.
mode key Increment mode
display

DATA| data key Enables keyboard or
enters keyed-in

number and mode.

Display on keyboard
The Kkeyboard has 5 display light emitting
diodes.
Mode Display—
Only one LED or none can be on at any given time.
Keyboard Enable—
Indicates keyboard enabled to change modes or in-
put numbers.
Run—
Indicates Cl Meter running and keyboard disabled.

2.2, KEYBOARD OPERATION
Cl Meter must be in Mode 8, 9, A or B.

Mode 8 same as Mode 0 display frequency Analog output set to — S00PPM
Mode-@ same as Mode 1 digplay PPM from | Analog output set to = S500PPM
reference frequency
Mode A same as Mode 2 | display frequency Analeg output enabled
Mode B same as Mode 3 | display PPM Analeg output enabled
deviation from the
reference frequency

The modes operate as modes 0 through 3 ex-
cept the reference frequency can also be entered
by the keyboard.

2.3. OPTION 005 SPECIAL KEYBOARD
OPERATION

The Cl Meter can operate with additional
capabilities to modes 8, 9, A or B.

2.3.1. Engineering Measurement Mode
The Cl Meter operates in Mode 6.
User Entries:

FLg —Reference frequency keyed-in and Hz
stored

Cq ref—Reference Cq value keyed-in and pF
stored

CLg —Specified C| oap value keyed-in and pF
stored

The measuremenis made and calculations are:

FR —Series resonant frequency as Hz
measured
Fp —Loadresonantfrequencyasmeasured Hz

2-1



SPECIFICATION

RR —Series resonant resistance as ohms
measured
CL —Measurement of Cggrigg(valuesaved) pF
(no crystal in crystal test socket)
P —Measurement of crystal power setting
Ct —Measurement of Cggrieg With @ crys- pF
tal in the test socket
Co —Crystal pin to pin capacity pF
= Ct -_ CL
Fg Deviation = Deviation in PPM from F| g
reference
= FR-FLg
———— 106
Fis
Fp Deviation = Deviation in PPM from F| g
reference
Fp—FLs
———108
Fis

FL = Resonant frequency of the
crystal calculated at the
specified C_ Ref

. Gt

Cig + G

= FR+ (Fp+ FR

F Deviation = Deviation in PPM from F| g
reference

Fp - F
L=-FLS 106
FLs
CiLc = Calculated load capacitance
needed to put the crystal at the

FLg frequency

Fp— F
=P R RCt—CO,
FLs - FR

Trim Sensitivity (T.8.) in PPM/pF
TS = Pullability of the crystal at the
frequency F| g

Fis - FR (FLS - FR) 1

Fp-Fr/\ Fr Cy
C41 = Motional crystal capacitance pF
_ 2, PR
FR

L = Motional Capacitance mH
1

4n2 FR2 C1

Q = Crystal quality factor
1

2nFr C4 Rp

ChangeofCy = Change of C4 from Cq ref
Gy

Cy ref

Delta F = Difference of Fpand Fg Hz
= Fp - FR

Capacity Ratio= Ratio of Cp to Cq
Co

oF

2.3.2. Inspection Q.C. Mode

Cl Meter Mode 7 permits Go/No Go testing of
crystal against limits.

Six types of test are available.

SPECIFIED VALUES (Min/Max Limits)

TEST INPUT
TYPE a 1 2 3 PARAMETER
A FLatCp g™ (G RH Cq CLs ]

Hz pF chms pF Load Capacity
FL at CLS- Cp CLS -
B Hz pF a pF Load Capacity
c FLatGig* {Co RR L Cs
Hz pF chms mH Load Capacity
D FLat CLS' CO o L CLS
Hz pF mH Load Capacity
E Cpgat ) Rg Trimn Sensitivity Fls
FLs pF pF onms PPMipF Reference Frequency
F Cicat [Cg a Trim Sensitivity
FLs pF pF PPMipF

*Input Crg as 1 x 10%0pF to specify series
resonance.

User inputs the 8 limits, test type and reference
parameters by using the Cl Meter front panel con-
trols and keyboard.

2.4. SIZE AND WEIGHT

Size 5.1cm H. x 10.8cm W. x 14cm D. with a 76cm
cord (2" H. x 4.3" W. x 5.5"D. with a 30" cord)
Weight 05Kg (11b)
Shipping weight 15Kg (3ibs.)
Shipping size 31.8cm x 31.8 cm x 21.1cm (12.58” x
12.5" x 8.5)

22
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'SECTION 3
INSTALLATION

The information necessary for installing the
Crystal Impedance Meter Keypad is contained in

“this section. Included are initial inspection pro-

cedures, power and grounding requirements, in-
stallation instructions, and procedures for repack-
aging the instrument for shipment.

3.1. INITIAL INSPECTION

This instrument was carefully inspected both
mechanically and electrically before shipment. It
should be free of mars or scratches and in perfect
electrical order upon receipt. To confirm this, the
instrument should be inspected for physical dam-
age incurred in transit. If the instrument was
damaged in transit, file a ¢claim with the carrier.
Test the eiectrical performance of ihe instrument
using the performance test procedures outlined in
Section 4. If there is damage or deficiency, see the
warranty in the front of this manual.

IMPORTANT

Read the Safety summary at the front of the
manual before installing or operating the in-
strument.

3.2. POWER REQUIREMENTS

The Cl Meter Keypad has no external power re-
quirements. The unit derives all the power neces-
sary from the Cl| Meter /O port.

3.3. INSTALLATION

Connect the connector at the end of the ClI
Meter Keypad to the /O port of the Crystal Imped-
ance Meter.

The BNC cable coming from the Keypad con-
nector is the optional frequency standard input to
the Crystal Impedance Meter. Refer to the Crystal
Impedance Manual for more details.

The Keypad is installed. Follow the operating
procedures in Section 4 for use of the Keypad.

3.4. REPACKING FOR SHIPMENT

If the instrument is to be shipped to Saunders &
Associates, Inc. for service or repair, attach a tag
showing owner {with address), complete instru-
ment serial number, and a description of the serv-
ice required.

Use the original shipping carton and packing
material. If the original packing material is not
available, Saunders & Associates, Inc. will provide
information and recommendations on materials to
be used.
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SECTION 4
OPERATING PROCEDURES

The operation of the Keypad and the operation
with the Cl Meter are covered in this section. The
Option 005, Engineering and Go/No Go modes, is
also covered in this section. Option 005 is an op-
tion which can be purchased with the Cl Meteras a
field upgrade.

41. KEYPAD OPERATION

The layout of the Keypad is shown in Figure 4-1.
Only the Data key can activate or enable the
Keypad. After the key has requested ena-
bling of the Keypad, the KEY ENABLE LED is ON
indicating enabling has occurred. With the Keypad
enabled, all 16 keys are active.

The key caused the Keypad displayed
mode to increment. The displayed mode is entered
with the keyed-in number. Both are entered when

the [DATA| key is pressed after keying in the value.

The entry of the number —123.45 is shown in
Figure 4-2. The minus key can be depressed any
time during the mantissa entry. The “5 7 character
is used as a minus character in the display as the
display is not capable of displaying a “ - "". The ClI
Meter display follows the various key depressions.
Figure 4-3 shows entry of 1,750,000. The exponent
mode is used to minimize key strokes. Figure 4-4
shows entry of 8.37 x 10~ 12, The entry was begun
wrong and the clear key depressed to permit clear-
ing the error and starting the entry again.
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Keypad Mode
all off

Green
Yellow
Red

Number Keys used
to enter mantissa
and exponents

‘Minus Key
can set the man-
tissa negative or

the exponent
negative

FIGURE 4-1. KEYPAD LAYOUT AND KEY AND DISPLAY FUNCTIONS

Indicates the
Keypad is enabled

Decimal point

Indicates Cl Metler
operating and
Keypad is disabled

Increment the
Keypad mode

Loads mantissa and
enables entry of the
exponent

Clears atl current
entered keys

Enables Keypad or
enters number and
mode

4-2
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OPERATING PROCEDURES

Hold down until Key Enable is ON and Run OFF.
| T T T | T T
00000000

Depress Key

| | ! | | | |
D|D|D|D|DID|Df / 150B Display
Depress [ 2 | Key

0,0,0000,(,2

Depress Key

ooo000 12,3

Depress [» | Key

o,0.0,0,0 12,3
Depress [ 4 | Key
0000, .2 3.4
Depress [ — | Key
0,006,234
Depress [ 5 | Key

[ ] I | | [ I
D ‘D ,b | / ,E |3'| L{ | 5 The & is for below zero or minus. The minus

could be entered any time during the mantissa en-
Depress [DATA| Key to enter number try.

FIGURE 4-2. EXAMPLE OF ENTERING - 123.45

4-3



OPERATING PROCEDURES

Hold down [DATA] until Key Enable is ON and Run is OFF.

Depress [ 1_] Key
0000000 |
Oo0o0.0,0.0.0, )

Depress Key

0.0.0,000 7

Depress Key

O,0,0 00 kb 1,5

E'EEEE E [0 ~settoemwonentmoso
pepress 5] Key
EEEEEEDE

Depress |DATA| Key to enter number

FIGURE 4-3. EXAMPLE OF ENTERING 1.75 x 108
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Hold down [DATA| until Key Enable is ON and Run is OFF.

00,000,000

Depress 9 | Key

0O.0,0,0,0,0,049

e

Depress Key

Wrong Key entered

| ! I 1

0,0,000000

i | |

—

Depress Key

All previous entries are cleared when the Clear

key is depressed.

[ — L

U e pa—
Oo0.00.0.0,

1 |

{

=

C

Depress [« | Key

0O.0,0,0 0008,

Depress Key

0.0,0,0,0,0,8,3

Depress Key

00,0008, 3 71

Depress Key

EEEEEE OO

Depress [— | Key

EEEEE R OO

Depress| 1 | Key

EEEEEL O I

Depress Key
!

EEEEEL, |2

FIGURE 4.4. EXAMPLE OF ENTERING 8.37 x 10~ 12

45
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4.2. ENTERING A REFERENCE
FREQUENCY FROM THE KEYPAD

All operations of Operation Sequence No.
01208 remain as before. Modes 0 through 3 are
repeated as 8 through B respectively and the new

modes allow the Keypad to enter the reference
frequency. The various modes are performed as
shown in Figure 4-5.

MODES
Analog
Keypad Keypad Output Option
Enabled Disabled Functions It Enabled
8 0 Standard operation Fg and Fp in Hertz —500PPM
Standard operation with Fg and Fp displayed as devia-
9 1 o . — 500PPM
tion in PPM from the reference frequency
A 2 Standard operation Fr and Fp in Hertz Operational
Standard operation with Fr and Fp displayed as devia- .
B 3 .. Operation
tion in PPM from the reference frequency perational

FIGURE 4-5. Cl METER/KEYPAD OPERATING MODES

The sequence for use of the reference frequen-
cy option would be:

a. Depress RR, Fp, and C; switch.

b. Using screwdriver to adjust the Cl Meter mode
switch and watching the display, set to mode
9, Aor B.

c. Release swiiches.

d. Depress Keypad Key. Hold down until

Keypad is enabled and Cl Meter display

clears.

Key in reference frequency.

f. Depress Key.
Cl Meter will begin normal operation with new
keyed-in reference frequency.

®

4.3. OPTION 005

The Option 005 adds additional program capa-
bilities to the Cl Meter which makes use of the Cl
Meter Keypad. The programs cover two specific
areas:

a. Engineering—Cl Meter under Keypad control
will display many of the possible crystal
parameters.

b. Incoming Inspecticn/Receiving—The Cl Meter
tests and compares the resuits against user

input limits. The tests check against common-
ly specified crystal parameters. The Cl Meter
and Keypad can indicate Go/No Go results or-
display the parameters which failed.

4.3.1. Engineering Crystal
Measurements

in the engineering measurement mode, the Cl
Meter Switches function as in Mode 0, except the
series resonant measurement condition of no
switches depressed has been modified. With no
Gl Meter front panet switches depressed, the
Keypad can select what is displayed.

4.3.1.1. Entering Engineering Crystal

Measurement Mode

The operating sequence to enter Engineering
Mode is:
a. Depress the R, Fp and Cy switch.
b. Rotate the Mode switch to Mode 6.
¢. Release all switches. The Cl Meter is in the
Engineering mode.
d. Depress the Keypad Key.
Display should come up all zeroes. The Key-
pad should enable.
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OPERATING PROCEDURES

e. Release the Key.

f. Depress the Key (enter zero) with
Keypad mode display off. The number entered
selects the type of measurement to make. A
zero entered selects the Fg measurement.

g. The Ci Meter now functions exactly as in
Mode 0 and can be set up in similar fashion.

4.3.1.2. Entering Various Reference
Values in the Engineering Mode
To perform some of the calculations, refer-
ence values need to be entered to the Cl Meter.

The Keypad can enter the values. The type of
value being entered is set by the Keypad display

Depress the Keypad Key.

The Cl Meter display will become all zeroes.

The Keypad will enable.

Depress the Keypad Key until the
Yellow Keypad Mode is enabled. (3 valid
depressions of the Mode key)

Key in 28, the value of C| reference.

Depress the Keypad Key to enter the
value of G| reference.

The Cl Meter wiil perform the previously set
measurements and the new value of G
reference is saved until either written over or
exiting the Engineering Mode.

The three reference values in Figure 4-5 can be

mode, Figure 4-5.

The sequence for entering F| g reference and

C| reference is:

Given: F g=10.7MHz

C ref.=28pF
Assume: Already in Engineering Mode
Depress the Keypad Key until:
Display will become all zeroes.
The Keypad should enable.
Depress the Keypad Key once so the
Keypad dispiay mode is Red.
Key in the 10.7MHz F| g value.
Depress the Key and release. The ClI
Meter will perform the previously set meas-
urements and the new value of Fg is saved
until either written over or exiting the
Engineering Mode.

Keypad Display
Mode Description
Off Number entered defines which
measurement to perform.
Red Number entered becomes the
reference value F| g in Hertz.
Number entered is saved as Cy
Yellow .
ref. in pF.
Number entered is saved as C4
Green .
ref. in pF.

FIGURE 4-5. KEYPAD MODES
VERSUS REFERENCE VALUE ENTERED

modified at any time in the Engineering Mode.

4.3.1.3. Requesting The Various
Engineering Mode Measurements
The Keypad is used to change the measure-
ment being displayed in the case of NO Cl Meter
front panel switches depressed.

The test type is entered similar to the ref-
erence values except the Keypad display mode is
off. (Figure 4-4) The various measurement types
are shown in Figure 4-5.

For example, assume the crystal Q is wanted:
a. Set up the Cl Meter to measure the crystal
properly.
b. Depress the Keypad Key until display
becomes alii zeroes.
The Keypad enables.
¢. Keyin a “12” which is the test number for Q.

d. Depress the Keypad [DATA| Key.

The Cl Meter with no switches depressed on
the front panel will display the value of crystal Q.
The test will be repetitiously performed and the
new value displayed. All of the different measure-
ment types can be selected in the same manner.

NOTE
Severai measurements need to have the value
of C series (C|). The test measurement 10 reads
and saves the value. The measurement 10 must
be made without a crystal in the test socket.

The last read value when exiting the measure-
ment number 10 is the value saved.

4.7



OPERATING PROCEDURES

Keyboard
Number
Keypad Mode-
Off Measurement Mode Unit Comments
0 FRr Hz
1 FR deviation PPM Reference value FLg keyed in on Red Mode
2 Fp Hz *
3 Fp deviation PPM Reference value FLs keyed in on Red Mode
4* FL at specified G
reference Hz CL reference keyed in ¢n Yellow Mode
5* FL deviation PPM CL reference keyed in on Yellow Mode
Reference value FL3g keyed in on Red Mode
6* CLc Load capacitance
needs to set crystal to
FiLs pF Reference value FLg keyed in on Red Mode
7 Trim sensitivity at F| g | PPM/pF | Reference value FLg keyed in on Red Mode
g Co pF
9 C1 PF
10 CL{Cp pF Crystal socket must be empty.
Value saved for all * calculations
11 L mH
12 Q —
13 R ohms
14 Ci pF
1 P uW
16 Change of C4 C reference keyed in on Green Mode
17 Delta F Hz Fo—FR
18" Capacity Ratio Co/CA

*The measurement 10 must be run before the indicated tests ic store Cf.

FIGURE 4-5. ENGINEERING MODE MEASUREMENTS

4-8
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4.3.2. Incoming Inspection Testing

The Incoming Inspection Mode has six possi-
ble tests. The different tests aliow the user to
select the one which fits the parameters of their
specification. Figure 4-6 shows a Test Program
Specification page filled out for an example
11.25MHz crystal. This example specification will
be used throughout this section to illustrate how
to set up Cl Meters. The example uses test Type B
which specifies F|, Cp, Q and Cj4.

4.3.2.1. Entering inspection Testing

The inspection Testing Mode is number 7.
Depress the R, Fp, and Gy switch and adjust the
mode switch to 7, Releasing any of the switches,

the Cl Meter will enter the Limiis and Reference
Value entry condition.

4.3.2.2. Limits and Reference Value Entry

The CI Meter front panel switches permit the
user to select the various tests and enter the
limits. There are only eight limits and one
reference value saved. When switching tests, the

prior values are still retained and would be used
as the limit in the new test type unless modified
by the user.

The table position is.indicated by the Cl Meter
display. The format of the display is shown in
Figure 4-7. The display indicates test type and
limit table position. The display can be advanced
by holding down the Cl Meter switches. Figure 4-7
also indicates which switch advances which
display position.

The table position can be displayed at any
time during the table entry sequence. Depress any
Cl Meter front panel switch momentarily and the
position display will appear for 1.5 seconds. At
the end of 1.5 seconds, if a Cl Meter front panel
switch is still depressed, the digit defined by the
switch or switches will increment. The Figure 4-8
indicates how the display incrementing occurs.

After the table position display times out the
actual stored limit will be displayed. The Keypad
may be enabled at this point and a new limit value
entered. After the new vaiue is entered ([DATA]
Key depressed) that value will be displayed.
Figure 4-9 shows an example of entering the sam-
ple table of Figure 4-6.
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SAUNDERS & ASSOCIATES, INC. 140/150/160 CRYSTAL IMPEDANCE METER
- AND KEYBOARD GO/NO GO LIMIT TESTING.

Part Number ABCD Specification XyZz :
Drive Level ____150uWatts Setup Resistor S0Q Setup Frequency 11,25MHz
Setup Cggries 27 pF Date - Initials

Comments ‘

Test Test Test Test Test Test
A B C D E F LIMIT |DISPLAY SPECIFICATION
FL* Lt Fe- FL* cie | Ce | upper D H 11250100
Hertz at | Hertz at | Hertz at | Hertz at pF at pF at
specified | specified | specified | specified | specified | specified
Cloa¢ | Cload | Ctoad | Cload | Fload | Fload | Lower D b 11249960
Upper [ 2.2
Co Co Co Co Co Co - I H -
pF pF pF pF pF oF
Lower I b 286
Set high so failure on upper
Upper E H 2EB % TS
fn Q Rg Q RR Q limit wili not occur .
obms ohms chms
Lower E b 300000
Trim THm Upper 3 H 10 Set out of any practical
C c L L o A range so failure will
1 1 Se ¢
nsitivity {Sensitivity
pF pF mH mH - "PPMipF | PPMIpF | - 5’ ‘D ) never oceur
Lower 1E-6
Cug CLs Cig CLs FLs FLs ‘_/ H
oF pF pF OF | Herz | Hertz |neference e 2z

*Use of CL of 1 x 1090 pF for Series Resonant specification

Measurement Parameters Test Limit Values
Fr—Crystal Series Resonant Frequency Fi ¢ = Load Resonant Frequency at a specified C_
Fy -—Crystal Load Resonant Frequency (At G) , Gt (FD— Fr)
Rp—Crystal Series Resonant Resistance FLc=FRr+ CLs +Co
C —Load Capacitor Value _ Q = Crystal Quality factor
Set Cgeries With NO crystai in test socket 1
Ciy —Capacitance with crystal in test socket = ——
(CL + Cp) 2rFRC4R
C1 and L =Crystal motional resonant values
Fp,—F
, Cq1=2C4 P R L= 1
Calculated Parameters FR 41:2FR2C ]
CLs—Specified CLoaD Cic = Load capacitance needed to resonate
CrLc—Calculated C oaAD crystal at F g
Fig —Specified Load Resonant Frequency Gy (Fo — Fr)
FLc—Calculated Load Resonant Frequency at Cc==tYp" "R _c,
CLs FLs—FR

Trim Sensitivity = pullability of crystal resonant

frequency at F| g .
(FLS— FF{\ /FLS - FR) ( 1 )
Ct

Trim Sensitivity =
Fo-FR/\ Fr

FIGURE 46. EXAMPLE OF INCOMING INSPECTION SPECIFICATION SHEET WITH A SAMPLE CRYSTAL SPECIFICATION
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OPERATING PROCEDURES

During entry of the table, its display can be incremented

by the switches on the Cl Meter front panel

R Fp

Cy
I
1 I ) L) ) ] T
E F F F F X Y Z C! Meter Display
[] 1 1 ] 4 k L [ A
I limit YPPer— H
lower—
Test Type Which Test
A,.b,C,d, E,orF 0o, t, 2,or 3 orreference
value 4

FIGURE 47. DISPLAY SHOWING INPUT TABLE POSITION OR WHICH TEST FAILURE
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OPERATING PROCEDURES

If Ci

Cl Meter Displays Table Limit Value
Depress any switch on Cl Meter or Fp and C;

|
EFEFFFL, L

Meter

Switch Depressed

1
Switc

TV\yG\S-I“FP and Ct

EFFFFLZHA

Depressed

’_ﬁ"e/\&r

EFFFFLE3HA

No Switches
Depressed
"

Return Displaying Table Limit
Value at position indicated

FIGURE 4-8. DISPLAY INCREMENTATION OF TABLE POSITION

Display indicates current table
position for 1.5 sec.

Display indicates new table
position for 0.5 sec.

Display indicates new table
position for 0.5 sec.

4-12
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OPERATING PROCEDURES

Enter Table entry mode.

Depress Fp switch momentarily to read table position and advance
display if necessary and release switches.

FFF FF&OA

Display is current limit value.

Depress Key until display goes to zero and Keypad enables.
Key in value 11250100. Depress Key to enter value.

Display will be new limit value.

2,50, 10,0

Depress the C; switch and advance display to
I I i | [ { I
FFFFF B 0B

Display will be current limit value.

Use Keypad to enter new limit value of 11249900Hz.

Display will be limit value.

[ 1,2,4,9 9,0,0,

|

Depress the Fp and Ct switch and advance the display to

FFFFF &, I|HA

Use Keypad to enier iimit vaiue 2.2.

Display will be limit value

| CONTINUE INPUT OF ALL LIMITSI

Depress the Fp and C; switch and advance the display.

FFF FF b4YHA

Use Keypad to enter reference value 27.

2 .000000

All limits and references entered.

FIGURE 4-9. EXAMPLE OF ENTERING LIMITS OF FIGURE 4-6
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OPERATING PROCEDURES

4.3.2.3. Testing

With the limits and reference value entered,
testing can begin. The test mode is entered from
the data entry condition by depressing the R and
Fp switch.

The Cl Meter needs to be set up. Follow the
procedure used for standard setup. Set up the
following parameters:

—Frequency
—Power
—Cseries (CU
When the Cl Meter is idle in the test mode, the
front panel switches are active as in Mode 0. With

no switches depressed the display is FR; Fp
depressed is load resonance, etc.

NOTE
The C; switch must be depressed with
NOTHING in the crystal socket and the value
read G is saved to be used in the limit
calculations.

CAUTION
Any subsequent depressiocns of the Cy
switch will replace the prior saved value.

The test is begun by first placing the crystal to
be tested in the C! Meter Test Sockst. If the

. display is

X X X, X,EA G L

the crystal will not oscillate and the crystal is
therefore a reject.

Depress the Keypad Key and wait for
ENABLE LED to come on. Release the Key
and testing wiill begin. The overall sequence is
shown in Figure 4-10.

If the crystal passes, the Green Mode LED on
the Keypad will come on.

tf the crystai fails, the Red Mode LED on the
Keypad will come on. If during the testing any one
of the Cl Meter front panel switches was on, the
testing will hialt at the failure ana display the loca-
tion and value which failed. Refer to Figure 4-11.
The Keypad Key is needed to exit ihe fail-
ure display mode. If multiple failures have occur-
red, then the program will halt at each failed
parameter.

The table entry condition can be re-entered
from the test condition by depressing the R and Cy
switch simultaneously.

4.3.2.4. Exiting Inspection Test

The table entry condition can be exited to any

other Cl Meter Modes. This is accomplished by
depressing the R, Fp and C; switches simultane-
ously and adjusting the front panel mode set
switch to the new mode.

Releasing the switches simuitaneousiy wiii
cause the display to hold at:

C.CLC.CLC,CLC, X

Depressing any front panel switch will then
cause the Cl Meter to proceed tc the new mode.

4-14



OPERATING PROCEDURES

Depress R, Fp and G;.
Enter Mode 7 by setting Mode Switch.

o\ F FFFF.HOA

IR I W—

= iENTER LIMIT TABLE |

Depress R and Fp switch. Hold down until display
is the Fp reading of whatever is in the crystal
socket.

Follow Manual Procedure.

Set Cl Meter for Power, Frequency and Adjust

Cseries.
Last value read of G| (Cgeries) Will be saved.

Cl Meter is now set for testing.
Do not modify any settings.

__—_l—bThe value of FR, Fp, Rand Power can be rechecked.
With no switches depressed FR will read
Insert Crystal to test.

Depress the [DATA| Key on the Keypad
If

Not

Depressed Depressed

If R & Cy
Not

Depressed Depressed
v
_/\ Wait for the Key ENABLE LED to come on and the

display to hold.
Release the [DATA| Key and testing begins.

| | | T T ! |
O 0000 oL,
The Cl Meter now makes all reading with the front
panel indicating the sequences

R, Fr. Fp and G4
The limits are now tested with the display rapidly
going through the following sequences as each
limit is checked.

continued

FIGURE 4-10. INCOMING TEST PROGRAM SEQUENCE
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OPERATING PROCEDURES

Test Typel

FFFFF.X 0O

FFEFFEF X OkE

F:P:F:F:P:Xt /'lq ¥ an eorror acocurs and a Gl

i aoour

Meter front panel switch is
depressed, the display will

| | | I | | I
FEFFF X, | bB] s
|

FFFFFXZ2H

FFFFFXZE

F.FFFFX3HA

FFEFF.F X 35

If

raii Pass
Set Keypad 1o Set Keypad to
Red Mode Green Mode

FIGURE 4-10. INCOMING TEST PROGRAM SEQUENCE (continued)
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OPERATING PROCEDURES

[P

ot

Depress R, Fp and Ci.
Enter Mode 7 by sett%ng rod? Sw}tc?. ' |

Display will be - FIFIFI’:IFIHIDIH
for 1 sec. ENTER LIMIT TABLE

Depress R and Fp switch., Hold down until display
is the Fp reading of whatever is in the crystal
socket,

Follow Manual Procedure,

Set CI Meter for Power, Frequency and Adjust
Cseries -

Last value read of C (Cggries) will be saved.

CI Meter is now set for testing.
Do not modify any settings.

The value of FR,Fp,R and Power can be rechecked.
With no switches depressed FR will read

‘Insert Crystal to test,

————> Depress the Key on the Keypad
NOT iF

DEPRESSED

DEPRESSED

l

Wait for the Key ENABLE LED to come on and the

display to hold. Release the [DATZ] Key.
@——-»Depress the Key and testing begins.

00000000

] t ] i ] I 1 -
The CI Meter now makes all reading with the front
panel indicating the seguences

R, Fr.Fp and Ci

The limits are now tested with the display rapidly

going through the folllowing sequences as each
limit is checked.

Continued



Option 5 - Mode 7 Operation Changes When 1D4 ROM is Labeled "CIM2"

Option 003, 005 - Manual Page 4-14
Section 4.3.2.3. Testing
3rd Paragraph, 2nd Column

If the crystal fails, the Red Mode LED on the Keypad will
come on., If during the testing any one of the CI Meter front
panel switches is held on, the testing will halt at the failure
and display the location and value that failed. Refer to
Figure 4-11. The testing will continue. when the switch is
released. If the keypad [Data] key is depressed while a failure
is being displayed, the test will continue until another failed
parameter is found. Locking the Fp switch in the "Up" position
will help locate multiple failures.

4th Paragraph, 2nd Column

The table entry condition can be re-entered from the test
condition by depressing the R, Fp and Ctswitches simultaneously;
then without releasing the switches, depress and release Data key,
‘then rotate the mode switch until a "6" is displayed on the right
of the display. Release the switches and wait for display to
timeout and begin displaying frequency. Depress the R, Fp and Ci
switches again and rotate the mode switch back to a display of "7".
Releasing the switches will place the CI Meter in the table entry
condition. Prior table values will still be valid at this point.

Section 4.,3.2.4. Exiting Inspection Test
1st Paragraph

The inspection test mode can be exited by depressing the
keypad [Data] key while the R, Fp ad Ctswitches are depressed
simultaneously, then rotating the mode switch until the desired
mode number is displayed on the right side of the display.

2nd Paragraph

Releasing the switches will cause the meter to exit to mode
"0". Depressing and releasing the three switches a second time
will cause the CI Meter to enter the new mode.

3rd Paragraph

Not applicable. .
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OPERATING PROCEDURES

Keypad Display

Mode-Red
Run

Mode-Yellow
Run

Mode-Yellow
Run

Cl Meter Display

FFFFF L, I

B
L S

Test type 1
type B for Cq

2.2 00,0000

=

§
i

| 5,9,71 3,4, 8

FIGURE 4-11,

If Keypad Key is depressed, the display holds until
released and then proceeds through the test.

Displays table position which
failed for 0.6 sec.

Displays limit value which
failed for 0.8 sec.

Displays measurement value
which failed for 0.8 sec.

EXAMPLE DISPLAY OF Cg REJECT WITH A SPECIFICATION OF 2.2 TO 2.6pF

WITH THE VALUE ACTUALLY BEING 2.17pF.
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. SECTION 5
KEYBOARD OPERATION, SCHEMATIC AND PARTS LIST

The keyboard operation, maintenance and
parts lists are covered in this section.

5.1. KEYBOARD OPERATION

The keyboard is interfaced from the Cl Meter
/O port. The Cl Meter is programmed to strobe the
keyboard and recognize Key enclosure. The strobe
iines also drive the keyboard dispiay. Refer to
Figure 5-1.

5.1.1. Keyboard Display

The Run and Key ENABLE LED’s connect to
J1-10 and J1-11 key strobes respectively. If either
line or both can be set high, turning the LED on.

The Mode LED’s are connected such that one
or none ¢an be on at any given time. Figure 5-2
shows the logic control levels versus which LED is
on. The logic display is performed by D7 through
D15 and R6 through RS.

5.1.2. Key Closure

The key is wired directly to the Cl Meter.
The key is used to interrupt the Cl Meter to
then start scanning the remaining 15 keys. The
key also indicates the key entries are finish-
ed and the result should be loaded to the Cl Meter
and the Cl Meter is to continue running.

The sirobe lines through diodes D1 through D4
charge up capacitor C1 to the maximum strobe

voltage. The charge stored on C1is used to pull up
the 5 key sense lines. The four sense lines and the
keyboard strobe signals can read the keyboard’s
15 keys.

Only one strobe line is low at any given key-
board scan line time. When J1-11 is low, then
one of the sense lines will go tow ifthe [0 ], [1 ],
or key is depressed. The remaining
strobe lines will cover the remaining 11 keys. The
Cl Meter Software loads the keyboard entries to
the Ci Meter registers for use in calculations.

Figure 5-3 shows the overall keyboard scan
time and a blown-up image of the actuai keyboard
strobe signals. Between the strobe times, the digit
strobe lines are set to the desired display condition.

5.2. KEYBOARD MAINTENANCE

No maintenance is required.

5.3. KEYBOARD ASSEMBLY

All of the Keypad components are mounted on
a printed circuit board. Figure 5-4 shows the PCB
assembly.

The PCB assembly is mounied into a chassis
with an interconnect cable as shown in Figure 5-5.

The partslists are shown in Figure 5-6, 5-7 and 5-8.

Figure 59 lists the manufacturers and manu-
facturers’ part numbers referenced to the S & A
part numbers which meet Saunders & Associates,
Inc. specifications.

Figure 5-10 lists the manufacturers’ addresses.
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Cl METER KEYBOARD

FIGURE 5-1.
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. KEYBOARD OPERATION, SCHEMATIC AND PARTS LIST

J1-5 J1-6 MODE

low low off

low | high | Green

high | low : Yellow
high | high Red

FIGURE 5-2. KEYBOARD MODE DISPLAY

levels set
desired keyboard display

|‘ =10mSec
Pt ™

1

L

Sense lines enabled

FIGURE 5-3. KEYBOARD SCAN TIMING

5-3



KEYBOARD OPERATION, SCHEMATIC AND PARTS LIST

FIGURE 5-4. KEYPAD PRINTED CIRCUIT BOARD ASSEMBLY




KEYBOARD OPERATION, SCHEMATIC AND PARTS LIST
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KEYPAD CHASSIS ASSEMBLY

FIGURE 5-5.
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KEYBOARD OPERATION, SCHEMATIC AND PARTS LIST

5.4. PARTS LISTS

16 HEYPAD
CRYETA. IMPEDANCE METER KEYPAD
PART # CAT DESCRIFTION LLH
I HNIT
0201l i FLE = 14 KEY PR 1
OS0LE24A ARY FAINT FART FEYRROCOVER 1
OS0IRZ7 ABRY FPAINT FART KEYRRODEAZE 1
SLI010Z SUF ASSEM PART 10Poste Reo. 1
* ASSEM PART idrinM uRib. 1
* ATEEM FART BANC Chasslon 1
* NUITE. ETC 278 PrHdPRI 4
MNUTS, ETC 446 1/4 ZCR £
' *OMLITE. ETC LIOCHE WaEH 4
SET2000 SUF MUTS, ETC Ch1Cime Bush H
HF0OLI0S S MI=Zh. #22-12 CABLE 24
A700103 SR MISC. O.86Rub Fest 4

FIGURE 5-6. KEYPAD CHASSIS ASSEMBLY PARTS

S & A FINAL PART | DESCRIPTION OPERATION MATERIALS
0201328 Keypad PCB Assembly See Figure 5-8
0501326 Cover Paint & Silk Screen 6500198
0501327 Base Paint & Silk Screen 6500199

FIGURE 5-7. SPECIAL PARTS
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KEYBOARD OPERATION, SCHEMATIC AND PARTS LIST

e e

1& RBEY POR
CI METER KEYFAD FOR AEZEMEBLY
BILL1=22

In CATEGURY  DESCRIFTION SRS PORT #

Z1 CaP Electral, AVFE 10V 100001

i =EM ODIOnE GOLD DOFED 5214148
Iz SEM DIIODE GOLI WHRED Saidida
na SEM LInneE GOLD DoPED onl414E
114 SEM nIonE GOy DOFED F314142
s SEM LED FED E004 45
0s SEM LED RED S04 L4
o7z ZEM LED YELLOW S AT
Dz SEM LELD GREEM SO04954
juj) ZEM LED RED ZO04 454
nio =EM DIOLE GOLD DAREDR S314148
nii SEM LI GOLD DIOFET 5314148
niz =ZEM DIOnE GOl DOFPEL SE1414%
Dz =EM DIODE GOLD DR 214145
ni4 kM DIODE GOl DOFEDR anigr4s
nis SEM DIonE G DOFED mE14148

2 TR ATSEM PART 10ZaPin rt. L 4110090

Rl RES F2.0K0 CC 1746 5% 1422005
Rz RE= ZEL0E0 Q0 146 EY 1422005
R= RES ZRLOKO DD 1/74W 0 5% 1422005
R4 REZ FEL. 00 CC 1/4W BA 1422005
{E] RED S2L0R0 S0 1746 DX 14220035
Ré REZ 100 0 Qo 1744 3% 1210005
R7 RE= 100 0 20 174”0 5% TE210005

= RE= 120 0 CC 1/74W 3% 1212005
T8 RES igo 0 o 1/4W SE 1218005

Sl EUF SWITCHES EO00 EEYR AHA4TOO0E
BWE SR SWITCOHES 2000 KEEYS L4Z0002
Sk SUP SWITCHES 2000 KEYS LH4E0002
SiWg SR SWITOHES 2000 KEYS HAZOA0T
LG SLHIF SWITCHES 2000 KEYS E4ZOOHOZ
SWE& SUF SWITCHES | 2000 KEYS LHASO00E
W7 SUP SEWITCHES 2000 KEYS AGEO0O02
Sl HLIP SWITCHES 2000 FEYS S420002
S SLF SWITCHES 2000 KEYS AHA4Z000%
EW1O SHIP SWITCHES 2000 FEYE G4E0002
Wil SHP SWITCHES 2000 KEYZ SASOO0ZE
SW1Z HUR SWITCHES 2000 KEYS 420002
HW13 SLP SWITCHES 2000 KEYS AA4BOD0E
ZWlg EHP HWITCHES 2000 KEYZ HAEO00E
SW1S 1Bl SWITOHES 2000 KEYS SO0
Wl SiE DWITOHES 2000 KEYEX C LAR000Z

FIGURE 5-8. KEYPAD PCB ASSEMBLY PARTS




KEYBOARD OPERATION, SCHEMATIC AND PARTS LIST

14 EEY PCE
OI METER KEYPAD FOB ASSEMELY
BILL1ZZ2E

In CATEGORY DESCRIFTION SRA FART #
Y1 SLIF P BOARD LEDMTREYERD EOOLOG0
prs SUE FC BOARD 140/150/1 60K &005900
Y4 SLF ASSEM PART &EaPin rtobl &1 10040
Y3 LR &EEEM PART 2EgPin rt.L &1100320
Y& S ENCCLOSURET  14&AKEYFADLAR A5 0004

FIGURE 5-8. CONTINUED
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KEYBOARD OPERATION, SCHEMATIC AND PARTS LIST

56 PART

1210005
1212005
14220035
100001
TO04554
=SR04454
5004784
Ta1414=
mRligl14m
5314142
oal4145
AO0E200
LHO0EDOD
AH1100320
EL11O0AD
A£110020
H1I10102
HL1O1002
H131140
£1313140
H1E0Z00
&IE0500
AH224001
LZ24014
A2Z40E0
AH2TZ000
AH450002
ATN0DLTE
ASQ0 1P
AH510000
HESLQOO4
ATORIOE
AFORI0T

1004
1004
1004
1009
@00
PRO0D
TR0
TEDA
7335
2RO
P01
P01
Be7E
TE37
TEET

VENDOR/MANUFACTUIRER

R=-OHM CORF.

- R—-0HM CORP.

R-0HM CORP.

SPRAGUE PRODUCTS 60,
HEWLETT FACKARD
HEWLETT FACKARD
HEWLETT FACKARD
FAIRCHILO/SEMICONDLIC
FATRCHILD/SEM I CONTL
FAIRCHIL O/ SEMICONDLIC

2 UNITRODE CORF.

A CLUSTOM
SRA CLUETOM

F LITTLEFLEE

MOLEX

Y MOLEX

AMF SFECIAL
MOLEX

AMF SPECIAL
AMP SPECIAL INDUSTRI
AMF SPECTIAL INDUSTRI
AMPHENDL NORTH AMERC
GENERAL PURPLOSE
GEMNERAL PURFOSE
GENERAL PURFOSE
RICHZD FLAZTIC G
STACKPOLE COMFONENTS
ShA CLUSTOM

SRA CUSTCHM

SEA CUSTOM

MCILAONE METAL GRAPHI
STORM PRODUICTS SO,
HERMAN H. SMITH INC.

INDISTRI

INDLIZTRI

MANUFACTURER FART #  COMMENT

R25/J71000hm
R2S/J3/71800hm
25022 0k ahm
1500294 X2010BE

SOEz—~4584
SOE2—-44634
SORZ-4954

INg143

iN214

IN®145

INg145

00005

QOODODAD

2032031

22052061
22-12-2101

L0441 -0
22=-01-2101

SD2El e

57-20140

22ERT~-1
F1-221/7UG10%4 /11
440X/ BFPANHEATR/PHILIPS
440X 1 /S 4FPANHEAD
#4, INSIDE, STAR, LIOCK . WASHER
STRAINRELIEFBUSHINGHR-S
LO-PRO-S5-MOMENTARY
2o01017

ZD01020
OUTSIDEWORE
14-FEEY-Fal—-L&REL
Ma3L2/ 35632

2184

FIGURE 5-9. SAUNDERS AND ASSOCIATES INC. PART NUMBERS REFERENCED TO ACCEPTABLE
MANUFACTURERS AND THEIR PART NUMBERS
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KEYBOARD OPERATION, SCHEMATIC AND PARTS LIST

5.5. VENDOR LISTS

# 1004
AMP SPECIAL INDUSTRIES
1850 S0, WILMINGTON AVE.
COMFTON -6 OA20

# ZEz4
FAIRCHILD/SEMICONDUCTORES
Apd ELL T

MTH VIEW LA L0

# S332
LITTLEFUSE
200 E. NORTHWEZT HWY.

DE= PLAINS . - TL &L &

F

# =EE3
MOLEX
ZEREEWILLINGTON £T.
LIZLE » TL LOZ2Z

1

# 7Im4A
RICHCO PLASTIC CO
S825 MORTH TRIFF AVENLE
CHICAGD - T QL4

# 7234
SPRAGUE FRODUCTS 0,
551 MARSHALL £T.

NORTH ADLAMZ . MA 01247
# Taz7

STORM PRODUCTS Q0.

2047 N. 2315T. AVE.

FHOENIX :AZ SOEAO

# 1009
AMPHENGL NORTH AMERCIAN DRIV,
DIV. BUMEER RAMO CORF.
200 COMMERCE DR.

0aE BROOE » IL AHOEZ1

# 4004
HEWLETT FACKARD
FEIA K. MAGNILIA
FHOENIX AZ 2E024

# 24675
MCLOONE METAL GRAPHICS, INC.
CAUSEWAY BLVD. % SUMNER ST.
F.rr, BOX 1117

La CROZ:E s WI S44601

# 7334
R-0HM CORP.
14221 MILLIKEN/BX 44355
IRVINE - CA PETOS

B TeLT
HERMAN H., SHMITH INC.
=17 SNEDIKER AVE.
BROCKLYN » NY 11207
# 70325

STACKPOLE COMPONENTS
F O BOX 14444

RALEIGH .NC 274610

# B502
UMITRODE CORP.
=20 PLEASANT ST.

WATERTCHWN » MA 02172

FIGURE 5-10. MANUFACTURERS’ ADDRESSES
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OPTION 004 :
LOW POWER MODIFICATION 150A & 150B CI METERS

ASSUMING THE UNIT HAS BEEN PREVIOUSLY CALIBRATED

I) Replace the following Components.

A) 150A

B} 1508

Change R38 from 10K to 22K ohms.
Change R97 from 2.2K to 12K ohms.
Change R91 from 4.7K to 10K ohms.
Change R60 from 27K to 15K ohms.

Change R21 from 33 ohms to 270 ohms.
Change R20 from 15K to 3.9K ohms.

- Change R115 from 47 ohms to 27 ohms.

Add 2.2 micro Farad capacitor in parallel with
C105. Positive side toward C15. '

Change OR47 from 12K to 22K ohms.

Change OR56 from 2.2K to 12K ohms.

Change OR39 from 27K to 15K ohms.

Change OR1 from 15K to 3.9K ohms.

Change OR120 from 33 ohms te 270 ohms.

Change OR118 from 47 ohms to 27 ohms.

Install new roms in the top PCB in sockets ID3 and ID4.

Add 2.2 micro Farad capacitor in parallel with 0C105. Positive
side toward OCi5.

IT) Calibration (A1l calibration is done on the bottom PCB for

either the 150A or 150B.)

A) 150A - Allow warm up period of 1 hour,

)
2)

Place unit in the 2.2 to 5MHz band.

Place a jumper across C34.

If your 150A is used with an automatic system, remove
the front socket assembly by unscrewing the black #4-40
retaining screw and sliding this assembly free from
the front panel.

With a shorting device, short three front connector
pins together, J7-1, 2 and 3.

Monitor TP8 with a DVM and rotate R45 for .000V.
Monitor TP7 with a DVM and rotate R95 for .000V.
Remove jumper from €34 and the shorting device

from J7.

Insert a small screwdriver through the front panel,
(right side of the Ct switch) and

rotate the power pot (R34) to midpoint.



10)
11)
12)

13)
14)

- 17)

18)

19)

20)

21)
22)

23)

Install the front crystal socket if it was removed.
Insert a precision 10 ohm resistor in the crystal
socket, depress "R" and rotate R96 for a display of
10.

Insert a precision 220 ohm resistor in the crystal
socket, depress "R" and rotate R15 for a display of 220.
Repeat steps 9 & 10 until the correct reading is
displayed for both the 10 ohm and 220 ohm.

Monitor the center leg of relay RL1 (J7-3) with an
oscilloscope.

Insert a 10 ohm resistor in the crystal socket.

While observing the scope trace, rotate the power pot

(R34} fully CH. Distortion of the waveshape may be

observed. The power pot should be rotated CCW until
the waveshape changes to a sine wave. At this point,
depress the "R" switch, note the resistance reading
displayed, rotate the power pot fully CCW (minimum
power) and adjust R17 for the same reading as was
previously noted.

Insert a 220 ohm resistor in the crystal socket.
While observing the scope trace, rotate the power pot
(R34) fully CW. Distortion of the waveshape may be
observed. The power pot should be rotated CCW until
the waveshape changes to a good sine wave. Depress
"R" switch, note the resistance reading displayed,
rotate the power pot fully CCW and adjust R16 for the
same reading as was previously noted. o
Repeat steps 13 and 14, and steps 15 and 16 as
necessary until resistance reads the same at high
and Tow power.

Repeat steps 7, 9, 10 and 11 as necessary to achieve
proper resistance readings for the 10 and 220 ohm
resistors.

Insert a 125 ohm resistor in the crystal socket.
Depress power pot switch SW5 and rotate for a
disptay of 10,000 (1000 micro Watts). (The unit will
now normally read high by a factor of 10.) While
monitoring the center leg of RL-1 (J7-3) with the
oscilloscope, rotate R22 for 1.22 V. P-P.

Depress power pot switch SW5 and rotate for a
display of 500 (50 micro Watts). Adjust RI8 for

.27 V. P-P.

Repeat steps 19 and 20 until no change of R22 and
R18 1is needed.

If the unit dies at Tow power it my be necessary to
rotate R18 CCW until oscillation starts.

With a 125 ohm resistor in the socket, depress "R"
switch, rotate the power pot R34 from minimum to
maximum and observe the resistance displayed to be
from 124 to 126 ohms. ‘
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B) 150B. Allow a warm-up period of 1 hour.

1)
2)

10)

11}
12)

13)
14)

17)

18)

Place unit in the 2.2 to 5MHz band.

Place a jumper across 0C34.

If your 150B is used with an automatic system, remove
the front socket assembly by unscrewing the black
#4-40 retaining screw and sliding this assembly free
from the front panel. If your unit has the black
textool socket on the front panel, leave it installed.
With shorting device, short the three front connector
pins together J7-1, 2 and 3.

Monitor TP8 with a DVM and rotate OR52 for .00QV.

Monitor TP7 with a DVM and rotate ORS7 for .00QV.
Remove the jumper from 0C34 and the shorting device
from J7.

Insert a small screwdriver through the front panel,
{right side of the Ct switch) and rotate the

power pot RGl to midpoint.

Install the front crystal socket if it was removed.
Insert a precision 10 ohm resistor in the crystal
socket, depress "R" switch and rotate OR57 for a
display of 10.0.

Insert a 220 ohm precision resistor in the crystal
socket, depress "R" switch and rotate OR15 for a
display of 220.0.

Repeat steps 9 and 10 until the reading is correct
for both the 10 ohm and 220 ohm resistors.

Monitor the center leg of relay OK1 (J7-3) with an
oscilloscope.

Insert a 10 ohm resistor in the crystal socket.
While observing the scope trace, rotate the power
pot (RG1) fully CW. Distortion of the waveshape

may be observed. The power pot should be rotated
CCW until the waveshape changes to a good sine wave.
Depress "R" switch, note the resistance reading
displayed, rotate the power pot fuliy CCW and ajdust
OR17 for the same reading as was previously noted.
Insert a 220 ohm resistor in the front crystal socket.
While observing the scope trace, rotate the power
pot fully CW. Distortion of the waveshape may be
observed. The power pot should be rotated CCW until
the waveshape changes to a good sine wave. Depress
"R" switch, note the resistance reading displayed,
rotate the power pot fully CCW and ajust OR16 for
the same reading as was previously noted.

Repeat steps 13 and 14, and steps 15 and 16 as
necessary until the resistance reads the same at

low and high power,

Repeat steps 7, 9, 10 and 11 as necessary to achieve
proper resistance readings for the 10 ohm and 220 ohm
resistors.



19) Insert a 125 ohm resistor in the crystal socket.
Depress power pot switch SG1 (SG1 & RG1 are the same
device) and rotate for a display of 1000. While
monitoring the center leg of OK-1 (J7-3) with the
oscilloscope, rotate OR23 for 1.22 V. P-P.

20) Depress power pot switch SGI and rotate for a
display of 50 (50 micro Watts). Adjust OR22 for .27 V. P-P.
It may be necessary to change 0C33 from a 4.7 micro Farad
to a .1 micro Farad.

21) Repeat steps 19 and 20 until no change of OR23 or
or OR22 is necessary.

22) With a 125 ohm resistor in the socket, depress "R"

switch, rotate the power pot RGl from minimum to maximum
and observe the resistance displayed to be from 124 ohm
to 126 ohm.
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CERTIFICATION

Saunders and Associates, Inc. certifies this
option was thoroughly tested and inspected
and found to meet its published specifica-
tions when it was shipped from the factory.

WARRANTY

This Saunders and Associates, Inc. option is a software
medification for the Crystal Impedance Meter. The option
is warranted to be free of any defects. Saunders and
Associates, Inc. is not liable for consequential damage.
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SAFETY SUMMARY

The following general safety precautions must
be observed during all phases of operation,
service, and repair of this instrument. Failure to
comply with these precautions or with specific
warnings elsewhere in this manual violates safety
standards of design, manufacture, and intended
use of the instrument. Saunders and Associates,
Inc. assumes no liability for the customer’s failure
to comply with these requirements.

GROUND THE INSTRUMENT

To minimize shock hazard, the instrument
chassis and cabinet must be connected o an
electrical ground. The instrument is equipped
with a three-conductor ac power cabie. The power
cable must either be plugged into an approved
three-contact to iwo-contact adapter with the
grounding wire {green) firmly connected to an
electrical ground (safety ground) at the power
outlet. The power jack and mating plug of the
power cable meet International Electrotechnical
Commission (IEC) safety standards.

DO NOT OPERATE IN AN EXPLOSIVE
ATMOSPHERE

Do not operate the insirument in the presence
of flammable gases or fumes. Operation of any
electrical instrument in such an environment con-
stitutes a definite safety hazard.

KEEP AWAY FROM LIVE CIRCUITS

Operating personnel must not remove instru-
ment covers. Component replacement and internai
adjustments must be made by qualified mainte-
nance personnel. Do not replace components with
power cable connected. Under certain conditions,
dangerous voltages may exist even with the power
cable removed. To avoid injuries, always discon-
nect power and discharge circuits before touching
them.

DO NOT SERVICE OR ADJUST ALONE

Do not attempt internal service or adjustment
unless another person, capable of rendering first
aid and resuscitation, is present.

DO NOT SUBSTITUTE PARTS OR MODIFY
INSTRUMENT

Because of the danger of introducing additional
hazards, do not install substitute parts or perform
any unauthorized modification to the instrument.
Return the instrument to Saunders and Associates,
Inc. for service and repair to ensure that safety
features are maintained.




Figure 1-1.

Cl Meter-Printer Option shown with a Printer and Keypad Option
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SECTION 1
DESCRIPTION

The printer option allows the 140AHM50B/150C/
160A Crystal Impedance Meter to print the resulis of
the Option 005 measurements. Figure 1-1 shows the
setup of the printer and Cl Meter.

All operation conditions covered in the Basic
Operation Manual, Option 001 and Option 003/005
remain operational as described, as well as the ad-
ditional conditions covered in this manual. A
thorough understanding of Option 003/005 is
assumed when reading this manual.

The Option 006 requires the following optiens to
be installed in the Ci Meter.

Option 001—IEEE488 Data Bus. Operates in talk
only mode to send printer format to the printer.
Option 003—Keypad Capabilities. Used to key in
operating conditions and limits.

Option 005— Adds engineering calculations and
GO/NO GO testing.

The following options can alse operate with Op-
tion 006.

Option 001—Standard Talk-Listen operation.

Option 002—Analog output proportional to fre-
quency deviation from a reference frequency,

Option 004—Limited power range.

Option 008—2001 Series Test System (IEEE488
bus interface).
2000A/B Printer Processcrinterface.

The printer for Option 006 is supplied by the CI
Meter user. The printer must be capable of powering
up as an IEEE488 bus listener, print up to 80 col-
umns per page. The Cl Meter with Option 006 will
operate properly with most printers meeting the
aforementioned requirements.

Saunders and Associates, inc. has used a COM-
PRINT 912P Printer with Option 006. Figure 1-1
shows the COMPRINT 912P. The COMPRINT 912P
prints on a metalized paper. The printer is availabie
in most common line voltages and line frequencies.
The printer can be purchased retail from MicroAge
or Computeriand stores or from the manufacturer.

Computer Printers International

340 East Middlefield Road

Mountain View, California 94043 U.S.A.
Order as Model 912P—IEEE488 Bus

The printer is supplied with an unterminated in-
terface cable. Saunders and Associates, Inc. sup-
plies the cable connector and Section 5 covers
cable-connector assembly as well as printer setup.

1-1






SECTION 2
SPECIFICATIONS

This section covers the specification of the
printer option.

2.1. EQUIPMENT REQUIREMENTS

There is certain equipment and options reguired
for Option 006 to operate.

2.1.1. CI Meter Requirements

The Cl Meter must have the following options:
Option 001 IEEE488 bus interface
Option 003 Keypad
Option 005 Engineering measurements and
GOINO GO testing
Option 006 Printer interface software

2.1.2. Printer Requirements

The printer must have the following capabilities:

a. Operate as an IEEE488 listener.

b. 80 coiumns minimum print widih

¢. Print characters as defined in the ASCGI
character set.

d. Upperlower case is desirable.

e. Print rate should be as high as possible or
the printer should have a buffered input to
maintain maximum C| Meter speed.

2.2. ENGINEERING MODE PRINTOUT
The Cl| Meter operates in Mode L .

The following parameters are always printed:

Fr—Series resonant frequency as
measured.

Cg—Crystal pin to pin capacity.
(Value of G|_is read and stored)

Q—Crystal quality factor.

Rr—Series resonant resistance as
measured.

Cq4—Motional crystal capacitance.

If the user keys in a specified C| 54 the printout
will also have;

Fi—Computed load resonant frequency at
the specified C| pa4-
TS—Trim sensitivity at the specified C|_naqg-

If the user keys in a specified F| g5 frequency,
the printout will also have:
CL—Computed C| ngq required to set the
crystal to the specified F|_55¢.
TS—Trim sensitivity at the specified F| 5aqd.

If the user does not key in any special condition
the printout wili be:

L—Crystal motional inductance.
Fp— Load resonant frequency as measured.

When the engineering mode is ended a sum-
mary printout is given. The average value for Fg, Ry
and Cq is printed for all crystals tested. The stan-
dard deviation for FR, Rg and C4 is also printed.

n
1
Average = E —Xj
n

Standard
deviation =

Where: n=total number of crystals measured
X =value measured




SPECIFICATIONS

2.3. GO/NO GO TESTING
The Cl Meter operates in Mode d .

The GO-NO GO testing functions as in Option
005 with the following exceptions:

a. The limit table and the type of test being
executed is printed when beginning
testing.

b. When each crystal is tested all four
measured/computed values are printed.
Those values out of the limits are followed
by an ‘R’. If any of the four parameters are
rejects (R) then the word FAIL is printed.

With a buffered printer such as the COMPRINT
912P, the test time ranges between 15 to 2
seconds per crystal for a 150B to 5 seconds for a
140A.

2-2
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SECTION 3
INSTALLATION

The Printer Option 006 is a software addition to
the C! Meter. If the Cl Meter was ordered with Op-

tion 008, no further installation action is required.

If the Option 006 is to be added 1o an existing Cl
Meter, follow the sequence indicated beiow.

IMPORTANT

Read the Safety Summary at the front of the
manual before installing this option.

This sequence assurmes Options 003 and 005
were previously operational.

1.
2.

3.

Remove power from the Cl Meter.
Remove top cover by remcving two screws
at the rear of the top cover.

Remove either the integrated circuit ROM
or assembly of ROMs in positions ID3 and
ID4. (See Specification, Circuit Description
and Maintenance Manuai).

4.a.

4.b.

If installation is ROM assembly, install as-
sembly with ROMs labeled xxxA and xxxB

XXXX XXXX
in the |D3 socket. Chamfered assembly
edge matching pin 1 marking on the
socket.

Install assembly with ROMs labeled
xxxC and xxxD into the ID4 socket.
XXXX XXXX
If the 2732 ROM type integrated circuit:

ROM labeled xxx1 into ID3 socket

XXX
Carefully check IC pin 1 to socket pin 1.
ROM labeled xxx2 into ID4 socket
XXXX

Push the removed circuits into the foam
pads which are shipped with the option.
Return to Saunders and Associates, Inc.
Replace Cl Meter top cover.

The new option is now installed. Proceed to the
Operation Section for the use of the option.

3-1
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SECTION 4
OPERATING PROCEDURES

The operation of the Cl Meter and printout by the

printer is covered in this section. Full understanding

of Option 003 and 005 is assumed.

4.1. EQUIPMENT SETUP

The keypad should be attached as described in
the Option 003/005 Manual. The printer should be
plugged into the IEEE488 Data Bus piug. Refer to
Figure 4-1.

Turn the printer on and set o the line position.

Plug the ClI Meter into the power main.

4.2. ENGINEERING MODE PRINTOUT
Set the Cl Meter to the desired band.

Set the mode to [ . When releasing the Cl Meter
front panel switches, the first 3 lines of Figure 4-2
will print. These are instructions o remind the user
of the sequence to follow.

NOTE

If Mode C is entered without an enabled
printer, the Cl Meter will hang up. The CI
Meter must be disconnected from the power
main and reconnected (reset).

et

PRINTER

I

IEEE488
Data Bus

110
Port

KEYPAD

Cl
METER

FIGURE 4-1. EQUIPMENT CONNECTION FOR OPTION 006

4-1



OPERATING PROCEDURES

Szt €1 Meter
icad Cs by reading Ct with N Crystai in Socket Instructions
Input Fi1,C1 or '@ printed
1. Set up the Cl Meter as outlined in the Operating Manual for the Cl Meter.

Remove crystal from socket, depress Ct switch. This stores the setup value
for the series capacitor. The series capacitor should not be changed.

3. Depress data key on keypad to enable keypad.
4. Key in F_or G or zero, depressing data key to enter.

Input RKTAL Ho. {Mcde RED=End)}

Indicates the Cl Meter is now set.

A. Insert next crystal to testi.

B. Key in crystal under test number. Depress [DATA| key to input number. Print-
out will now occur for the crystal. Repeat A and B until all crystals are tested.

Cz=  189.365pF Value of series capacitor stored in the C| Meter
Pawer =45 _uli Power being dissipated in first crystal listed on top of the page.

XTAL MNeo. FrikHz) Cofl{pF2 &) Briohms) Ci1 (pF3 i-{mH3 Fpikhzi
ii. 5816.1382 5.43 124388. ic.8 B.81515 S5.448 5817.683Z3
12. SHElE.3685E 5.61 147312, is.8 8.81356 T4.212 5817 .636E
i3. SBls.98Z29 5.46 149713. 12.8 d.81652 &&.957 SB17.63Z7
14. 581i6.1871 5.37 24126, zZ5.8 B.51483 B8.828 SBLY.E355
1. 5815.9587 5.36 137287 . i3.5 B.8i1697 59.317 B@ELT.B318
15, 5815.1418 5.26 158413, 14,1 @.1B1496 67.288 SB17.5284
——————~
Fuerage DBIG.1Z12 15.5 g.81538
Std. Dev. +1.Z288E-81. 4.8 B.80lz%

To end the printout enter the crystal number in the RED keypad mode. (Depress

the key until the keypad is in the RED mode.) The printout will give the
average and standard deviation and returns to Mode 0.

FIGURE 4-2. COMPLETE PRINTOUT FOR ENGINEERING MODE

4-2



[ —

OPERATING PROCEDURES

Set up the Cl Meter as described in the
Operating Manual. {Band switch should
already be set))

Set power

Set frequency

Set C series. Depress Gy with no crystal in
test socket. Adjust the C series capacitor.
The last read Cy value is stored and used
by the Cl Meter in later calculation.

DO NOT change C series.

Key in a value to define how to make the
measurements.

Value = 0—Print L and Fp
O<Value<1000 Value is the specified
“Load
Compute F| 554 and trim sensitivity
Value=1000 Value is the specified F| 559
Compute C| gaq and trim sensitivity

The C! Meter and the printer are now ready
to begin testing.

a. Insert the crystal to test.

b. Key in crystal under test number.
Heading will automatically print on top
of the page and the device data will
follow.

The heading contains the C series
value which was stored in siep 2, the
power measured in the crystal whose
measurements occur on the first line of
the current page and either specified
value, if specified.

c. Measurements are made.

d. When the keypad enables remove the
current crystal which was just tested.
If more crystals are to be tested, repeat
steps “a” to “'d”.

If done advance keypad mode to RED
and enter zero (any number will do).
The average and standard deviation
will print. The Cl Meter will be
operating in Mode 0 (the switch is still
in the C position but will not be read or
entered until the 3 front panel switches
are depressed).

The other types of printouts are shown in
Figure 4-3 and Figure 4-4.

4.3. GOINO GO Testing

Set the Cl Meter to the desired band.

Set the Mode to d . When releasing the Cl
Meter front panel switches the words “QC Test”
will print.

NOTE

If Mode O is entered without an enabled
printer, the Cl Meter will hang up. The Cl
Meter must be disconnected from the
power main and reconnecied (reset).

Py Y T

fact, switching between Mode 7 and d will retain
the table.) Figure 4-5 shows a sample table. Ad-
vance to testing as in Option 005. When doing so,
the table of limits will print as shown in Figure 4-6.

Set up the Cl meter as in Option 005 Mode 7
and load value of C series.

43



OPERATING PROCEDURES

Cs= 15.97pF
Fowar 245, vl
Ci spec= £E&.8pF  -—— User specified load capacitance
RTAL Mo. FrikHz}j LoipE 3l a Rr{ohms Cl (pFl) FilikHzY Trimi{ppmspE )
26. 5B1ig. 1482 5.38 12Z2a81. iv.2 8.8i513 SBiT.B351 11.74
£3. S5@i6.384Z 5.53 148585, i5.7 B.8135¥ 5817.6348 18.36
Z29. 5iElE.nbba 5.48 134487, ig.4 B.B1654 5Bi7.6274 12.73
=4, DBLE. 1843 5.37 34884, zZ5.8 H.81463 S81lY.E314 11.37
37. 5815,5498 5.43 136917, 13.E E.21698 5817.8245 13.1z2
33. bBib.14B1 5.3@ i48486. i%.3 ©.81486 5B17.5233 11.868
A 4
Average 5S5¥1E5.1158 i7.8 H.81538
Std. Dev. +1.384E-81 4.4 5.989126

Computed F Load
at C Load
specified

Trim sensitivity

at C Load specified. Value is
negative but absolute value is
printed.

FIGURE 4-3. EXAMPLE PRINTOUT WITH A USER SPECIFIED C LOAD

Ce= 13.387pF
Power 249, uk
FI spec=58l17.c8688kH=z

KTAL Mo. FrikHz? ColpF 1l ¥ Rr(ohms 2 Ci (pF?2 CligF 3 Trim(ppm-pfF 3
1. 5i2lE. 1356 5. 45 122175. i7.1 B.81528 Z2d.57 11.22
Z. SBib.Z5G67 5.68 148342. i5.7 B.BL1357 z28. 43 9.34
3. 5@15.93886 5.44 148823. 12.8 B.91651 28,42 LZ2.34
4. 5@i6. 1828 5.48 83366. 26.8 B.Ri482 26. 46 18.33
5. AGC-ertror - Crystal could not properly osciliate in C| Meter
5. Silo.3498 5.35 136283, i3.7 §.816528 Z8. 45 12.74
Y. SHIB. 1364 5.3z i439838. i4.2 g.R1456 ZA. 33 11.38

A A
Average 5SH1E.11564 ig. B B.81531
Std. Dev. +1.273E-B1. 4.8 H.B8125

Computed C Load
for the specified
F Load

Trim sensitivity
at the specified F Load

FIGURE 4-4. EXAMPLE PRINTOUT WITH A USER SPECIFIED F LOAD

44
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OPERATING PROCEDURES

Test Test Test Test Test Test
A B C D E F LIMIT |DISPLAY SPECIFICATION
FL B FLr FL e Cic Upper 5017638
Hertz at | Hertz at | Heriz at | Hertz at pF at pF at PP D F’
specified [ specified |specified | specified | specified | specified
ClLoad | ClLoad | CLoad | Cload | Fload | FlLoad | Lower D b 5017610
Upper 57
Co Co Co Co Co Co ! H
pF pF pF pF pE pF
Lower l b 5.2
Upper 20
RR Q Rr Q RR Q E,I:’
ohms ohms ohms
Lower E ;:,' 1
o Trim Trim Upper EH 017
1 CHq L L SensitivityiSensitivit
oF oF mH mH ensitivitylSensitivity
PPMIpF | PPM/pF Lower | 013
4
CLs Cis CLs CLs FLs FLs
pF pF pF pF Hertz Hertz [reference LT}: 20

FIGURE 4-5. SAMPLE SPECIFICATION




OPERATING PROCEDURES

Test Tupe:f

Limits: h
g CU1iTFE38.8

9B SHlYsle.a

iR 5. T7TEEGBES

1B 5. 2BeE8b3E

2R Zio.0BBEga

ZB 1.0888E680
+1.788E-82.
3B +1.38BE-8Z.

b
Table limits

/

Ref{ 4R ) : 70 . ARAAR - Table reference value

Oeuv. HMNo. . i.

i. GBiTE43.7R 5.4153448
2. 5p17635.0A 5.5546883
3. TCPITEZ4.8| 5.3599512Z8
4, ©SRiTE3l.Z| 5.533z55S
5. SBLTEIR.I| 5.4431503
6. ©SBiTE34.5| 5.3379812
A

-t—— Type of test (A, B, G, D, Eor F)

z.
i5.215425
15.732553
15.215811
14.@580855
25. 730574R
14.?45555?

L Number keyed in by user

=~ Measurement which was rejected

Actual Measured/Calculated value
which is compared to limits.

.
+1.513E-82.
+1i.355E-82.
+1i.495E-82.
+1.643E-82.
+1.45BE-82.
+1.636bE-82.

FIGURE 4.6. EXAMPLE OF GO/NO GO TESTING

I Indicates
FAIL = jevice

fails

FRIL
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OPERATING PROCEDURES

The sequence from this point on is slightiy dif-

ferent.
a.
b.

C.

Depress the data key {o enable the keypad.
Key in the number of the device to test.

The keypad will go to “RUN” in Mode
YELLOW.

Measurement will occur.

Limits will be compared and the measured
calculated values will print, All the values
which are “R”ejected will have an “R”
foiiowing. if any of the four vaiues get an
“R” the word “FAIL” will print to the right.
See Figure 4-6. When the word “FAIL”
prints the Bell function in the printer will
be activated.

If the device passes the keypad will be in
the “GREEN" mode.

If the device fails the keypad will be in the
“RED” mode.

The keypad wiil enable maintaining the
pass-fail mode, indicating ithe current
device is now ready to remove.

If more crystals are to be tested, repeat
steps b through f.

If this is the end of the testing, advance the
keypad to the YELLOW mode and enter. The Cl
Meter will return to the table entry mode. The
tabie eniry mode is exited as in Option 005.

4-7
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SECTION 6

COMPRINT 912P PRINTER SETUP

The Comprint 912P Printer requires the Cl Meter

user to install a connector on the interface cable,

The pin connection for the interface cable is
shown in Figure 51. The connector assembly is

shown in Figure 5-2.

The Comprint 912P must be internally jumpered
to perform as a proper 488 bus listener. The

Comprint Manual describes how to do the jumper

set setun, For interface to tha Cl Mater, iumner A
A R LR L L= L L~ A FITLOn,y Juil ol

and D are required.

All other Gomprint wires remain disconnected.
Make sure they are trimmed and insulated so they
do not short to the connector cover. The interface
cable red stripe indicates the pin 1 side.

Comprint
Cable
Wire Connector
Number Pin No. Function

1 1 Data 1
3 2 Data 2
5 3 Data 3
7 4 Data 4
2 13 Data 5
4 14 Data 6
6 15 Data 7

11 6 DAV

13 7 NRFD

15 8 NDAC

12 18 Ground

14 19 Ground

16 20 Ground

18 21 Ground

22 22 Ground

24 23 Ground

24

FIGURE 51. COMPRINT CABLE TO 488 BUS CONNECTOR COVER INFORMATION

51



COMPRINT 912P PRINTER SETUP

Shrink tubing to
stress relieve cable

Shrink tubing fo be
slipped on the connector

Screw to hold connector together

To Comprint

Tighten cable holding screws
when fully assembled

FIGURE 5-2. CONNECTOR ASSEMBLY

5-2
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