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SECTION |
GENERAL TNFORMATION

1-1, SAFETY WOTICE

The Model 72C is furnished with a three-conductor power cable and three-
prong plug so that, when the plug is inserted in a properly polarized a.c.
power receptacle, the instrument is grounded. The instrument depends upon
such connection to ground for equipment and operator safety.

BRE WARNING ***
To aveid the possibility of electrical shock, before anything
is connected to this instrument, and before you use this in-
gstrument, make certain that its power cable is plugged into a
mating a.c. receptacle that has a grounded ("earthed®™) contact.

Never defeat the instrument's protective grounding. For example: Do not
use an extension power cable if it is not equipped with a ground conductor;
do not plug the instrument into an a.c. receptacle that does not provide a
high~guality earth ground. If only a two-terminal a.c. power receptacle is
available, use a three-prong-to-two-prong adapter and connect the ground
wire of the adapter to the power-receptacle ground, Do not use such an
adapter if the ground wire cannot be grounded.

1-2. DESCRIPTION

The Model 72C Capacitance Meter provides instant, direct reading, three-
terminal and differential capacitance measurements from 0.01 to 3000 p¥F.
This coverage is divided into eight ranges, selected either by the front-
panel switch or remcotely, arranged in a 1 - 3 - 10 seguence. The solid~-
state design and crystal-controlled signal source contribute to the high
stability and excellent veliability of the instrument,

The 100 kHz test signal is held to a level of 15 mV, r.m.s., allowing the
measurement of capacitance of semiconductor devices., The provision for
application of d.c., bias to either or both sides of the specimen makes it
possible to measure these devices under operating conditions. The bias
voltages <an be applied either to the rear-panel terminals provided, or to
the appropriate pins on the edge connector.

The 72C employs an unusual range-switching system using switching diodes
and mintature reed relays; the elimination of the switch contacts from the
measurement clircuits assures a maximum of reliability and stability,

The instrument's phase-sensitive detector system permits the measurement of
even low-Q devices (down to 0=1) without appreciably degrading the accuracy
of the measurement. The 72C responds to the effective parallel capacitance
of the test specimen. For a specimen with predominantly series loss and a
g-factor of less than 10, the 72C will indicate the effective parallel
capacitance: i.e.:

Cp = €07 /(1 + 0%)

Two plug-in connection adapters are supplied with the 72C. One adapter,
fitted with two sets of coaxial connectors, 72-4B, is intended for use with
coaxial cables and remotely located test fixtures for both three-terminal
and differential mesurements. The second adapter, 72-5C, with three ter-
minal posts, is used for wire-lead components; differential measurements
are not possible with this adapter.

A linear d.c. output is available at rear-panel terminals as well as at the
appropriate pins on the edge connector. This feature extends the range of

applications beyond ordinary laboratory measurements to include production
testing as well as a variety of control functions. Flexibility is further

1- 72C-0583 1-1
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§1-2, Continued,

enhanced by the provision of remote ranging terminals; the instrument is
fully capable of being integrated into a controlled test system for rapid,
production~line testing.

Remote ranging is controlled by grounding the MANUAL DISABLE terminal on
the rear edge connector, disabling the front-panel range switch., Grounding
any one of the eight range-line terminals will then select that range.

Connecticn to the rear-panel edge connector should be made with an Amphenol
Type 225-22221-101 plug.
1-3., ACCESSORIES FURNISHED

A. Test Post Adapter {(BNC}, 72-4B: for remote connections to TEST and DIFF
terminals,

B, Test Post Adapter (Clips), 72-5C: grip-~posts for local connection of
axial~lead components.

i1-4. OPTIONS AND ACCESSORIES AVAILABLE

A, Option ~05: 200 us d.c, output response time (standard unit responds in
1l mg). R.M.S. noise level 10 mv (100 kHz bandwidth).

B. Accessory 950032: Single rack-mounting kit (mounts left or right).
C. Accessory 950030: Dual rack-mounting kit,

B. Accessory 953108: Capacitance Standard, 0,1 pF.

E. Accessory 953109: Capacitance Standard, 0.3 pPF.

F. Accessory 953110: Capacitance Standard, 1.0 pF.

G. Accessory 953111: Capacitance Standard, 3.0 pF.

H. Accessory 853112: Capacitance Standard, 10.0 pF.

I. Accessory 953113: Capacitance Standard, 390.0 pF.

J. Accessory 953114: Capacitance Standard, 100,0 pF. -
K. Accessory 953115: Capacitance Standard, 300.0 pF.

L. Accessory 953116: Capacitance Standard, 1000.0 pF.

M. Accessory 953117: Capacitance Standard, 3000.0 pF.

N. Accessory 953119: Capacitance Decade Standard, 100 kHz: 1 - 3000 pF.
in a 1-2-3 seguence

1-5. ENVIRONMENTAL DATA, OPERATING AND STORAGE
Temperature: Operating, +10°C to +40°C
Storage, ~55°C to +75°C

1-6, SPECIFICATIONS

CAPACITANCE RANGE 6.01 to 3000 pF
FULL~-SCALE RANGES 1, 3, 16, 30, 100, 300, 1000, 3000 pF
1-~2 ' 12C~0583 I~
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§1-6, Continued,
ACCURACY
1 - 1000 pF, f.s.

3000 pF, f.s.

RESQLUTION

METER
nD.C., OQUTRUT
Linearity

Response Time
Source Resistance

EXTERNAL BIAS

TEST SIGNAL

TEMPERATURE INFLUENCE

POWER REQUIREMENTS

DIMENSIONS

WEIGHT

i

www.valuetronics.com

0.5% of reading *0.5% f.s. (Q > 5)*
+1,0% of reading #0.5% f£.s. (0 = 1 to 5)%*
*add 0.005 pF on the 1 pF f.s. range,

A\

5)
1 to 5)

+1.0% of reading *0.5% f.s. (Q
£2.0% of reading *0.5% f.s. (¢

H]

0.5% of £.8. on all ranges

4-1/2% taut-band, Two linear scales: 0 to 10
(0,1 per division), and 0 to 30 (0.5 per &iv.}.

1 v, f.s., adjustable *2% at 1, 10, 100, 1000 pF
3 v, f.s.,, adjustable *2% at 3, 30, 300, 3000 pF

¥0,1% of rveading #0.01% £.s.
3000 pF range: *0.25% of reading 0.01% f.s.

1 ms (see option -05, above)

1 k@

HI TO GND: *200 V, maximum

LO TO GND: *400 VvV, maximum

LO to HI: *600 Vv, max. (floating supply only)

100 kHz, crystal-controlled, 15 mV r.m.s.

Temperature Range Max. Influence
Reference: 21°C to 25°C G
Normal: 18°C to 30°C 0.2% of reading
Extreme: 10°C teo 40°C 0.5% of reading

10¢, 120, 220 or 240 V a.c., 50 to 400 Hz, 7 W

132 mm high x 211 wide x 305 deep
(5.2 in. = 8.3 x 12}

3,15 kg (7 ibs.), approximately

72C-0583 1-3



www.valuetronics.com



SECTION TI
INSTALLATION & OPERATION

2-1. TINSTALLATION

Each instrument has been inspected and tested at the factory for full com-
pliance with all specifications before packing. Notify the carrier and the
factory immediately should any indication of shipping damage be apparent
upon unpacking, It is recommended that the special packing materials be
saved for use in the event that the instrument must be reshipped,

2-2. OPERATING CONTROLS, INDICATORS AND CONNECTORS
All controls, indicators and connectors used during operation of the 72C
are described in Table 2-1, below.

Table 2-~1. Operating Controls, Indicators and Connectors

ITEM FUNCTION
FULL SCALE pF switch Selects full-scale range of instrument.
PWR switch Turns line power on and off. LED is lit

when power is "on",

ZERO control Used to balance out capacitance across TEST
terminals contributed by exposed terminations
of connecting cables, test fixtures, etc,

METER . Indicates capacitance with two linear scales,
reading 0 to 10 with 0.1 per division, and
0 to 30 with 0,5 per division,

ANALOG OUTPUT terminals Provide a d.c¢, voltage proportional to the
meter reading, adjustable >2%.

BTAS terminals External d.c. bias may be applied to the HI
and LO Test Terminals via these posts,

LINE VOLTAGE switch Permits selection of appropriate a,c. line
voltage.

Fuse holder Contains replaceable line fuse.

P02 A 22-pin edge connector for remote ranging

and output connections, See Figure 4-4.

Test adapter These banana plugs are used for storing the
unused connection adapter: 72-4B or 72-5C.

This safety-requirement symbol has been
adopted by the International Electrotechnical
Commission, Document 66 (Central Office) 3,
§5.3, which directs that an instrument be so
labeled, 1if, for the correct use of the in-
strument, it is necessary to refer to the
Instruction Manual. In this case it is recom-
mended that reference be made to the Instruc-
tion Manual when connecting the instrument to
the proper power source.

2~ 72C-0583 2-1
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2-3. OPERATING INSTRUCTIONS

A, See that the rear-panel voltage selector switch is set correctly for
the line voltage used. Check also that the proper line fuse is installed:
& 0,10 A fuse for 100 or 120 V; a 0.06 fuse for 220 or 240 V. If necessary,
adjust the mechanical-zero screw of the meter. Plug the instrument into a
power outlet and allow it to warm up for a few minutes.

B. Plug the appropriate test connection adapter into the front-panel re~
ceptacle. If remote or other coaxially connected components are to be
measured, connect all cables and test fixtures to the TESY jacks of the
connection adapter. The test adapter is held in place by a captive screw
located in the center of the adapter.

C. Switch the instrument to its lowest range (1 pF, f.s.). Set the meter
reading to zero, using the ZERO control,.

NOTE: The ZERO control uses a dual-ratic vernier to drive a differ-
ential air capacitor having a full 360° of rotation. The ZERO control
turns easily for about 270°, at which point the ratic shifts {from
36:1 to 6:1 and the required torque increases abruptly.

The ZERO adjustment has sufficient range to compensate for approximately
5 pF of shunt capacitance across the TEST terminals, If this range is in-
sufficient, a small capacitor {(value determined experimentally), can be
connected across the DIFF terminals to effect a zero setting within the
range of the ZERO control.

D. The instrument is now ready for use. Once the zero setting has been
made on the lowest range, it will hold on all other ranges.

2~4. REMOTE MEASUREMENTS .

A. Cable Shunt Capacitance. When more than a few inches of coaxial cable
is used to connect the instrument to a remote fixture, attention must be
given to the shunt capacitance of the cable, To maintain the specified
accuracy, the values shown in Table 2-2 should not be exceeded.

Table 2-2, Maximum Cable Shunt Capacitance

a, HI post to ground:

RANGE MAX. C
1 pF & 3 pF 200 pr
1¢ to 3000 pF 500 pF

b, 1O post to ground: 500 pF, maximum, on all ranges

B. Transmission-Line Effect. At a test frequency of 100 kHz, the trans-
mission-line effect on the remote measurement of capacitance is negligible
for cable lengths up toc about 20 feet, The limiting factor is the cable
capacitance, which loads the low and the high test terminals of the 72C.
For this reason is is preferable to use coaxial cable of 75 = 93 & {13 oF
per foot), or even 72 § cable (20 pf per foot), rather than 50 @ cable (30
pF per foot). The measurement of 3000 pF of capacitance through two ten-
foot lengths of 93 @ cable will result in an error of approximately +0.8%;
the error for 1000 pF is only +0.09%.

For exacting requirements, a reasonable correction may be made for short
iengths of cable (10 to 20 feet), based upon the effect of the series in-
ductance of both lengths of cable.

The measured capacitance, Cp, of a specimen will differ from the true
capacitance, Cg; the error will be seen as an apparent increase in

2-2 72C~-0583 2=
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§2-4B, Continued.
capacitance in accordance with the following expression:

- Ce _ Cy
0or, if the true capacitance is regquired:

Cm Cm
ct*_"' 7 =
1+ w*Lly 1+ (XL/XCm)
Where L. = the combined series inductance of BOTH lengths of the con-

necting cables and the inductance of the sample (generally small with
respect to the cables' inductance).

Unless the coaxial connectors of both cables are mounted on common plates
at both ends, the outer shields of the cables should be coanected by low-
inductance straps at both ends.

2-5, DIFFERENTIAL TERMINALS

Measurement of the relative differential capacitance between two specimen
capacitors can be made by connecting one capacitor tc the DIFF terminals,
and the other to the TEST terminals., {The capacitance that is connected to
the DIFF terminals may be as large as the full-scale value of the selected
range, without introducing serious error.} The display will indicate the
difference in capacitance between the two:; by switching down te the next
lower range (but no lower), the resolution will be improved.

Although the 72C is nobt calibrated for absclute differential measurements,
the relative differential can be of value, For example: in determining the
change of capacitance of a specimen during heat cycling, the absolute dif-
ference between the specimen and a capacitor held at a fixed temperature is
not as important as the percentage change between them.

In addition to permitting differential measurements, the DIFF terminals
serve another purpose: excess fixture capacitance across the TEST terminals
(i,e.: capacitance beyond the normal range of the ZERD control), can be
balanced out by the addition of a capacitor to the DIFF terminals (§2-3C).

2-6. D.C, BIAS

D.c. bias voltages may be applied to either or both sides of the specimen
via the rear-panel bias terminals or via the proper pins on the rear edge
connector. The applied voltages should not exceed 200 volts from the HI
terminal to ground, or *400 volts from the LO terminal to ground, When bias
is applied to one side only, it is recommended that the other bias terminal
be connected to ground.

The sum of the two voltages (600 V, d.c.) may be applied hetween the HI and
the LO terminals. In this connection the bias supply should not be grounded
(An internal wvoltage divider, of resistance values of 240 k9 from HI to
ground and 510 k& from LO to ground, establishes the ground point,) The
bias lines are internally protected by 30 mA fuses.

2-7. APPLICATIONS

The Model 72C can be used to measure the small-signal capacitance and the
forward-gain parameters of bipolar and unipolar transistors at 100 kHz.
Capacitance and transconductance are measured with a test signal of 15 mv:
beta is measured with a base signal current of approximately 100 nA.

The principle of operation of the 72C is basically that of a transmission
test set. That is, the test capacitance is interposed between a low-level
signal generator of fixed, known, amplitude and phase, and a calibrated
phase~sensitive detector. Likewise, the forward-gain parameters of tran-
sistors can be measured, provided that the phase of the output current is

proper, or 1is sultably altered, The necessary external circuitry and com-
ponents are described in the following text. The parameters that can be
2 72C-0583 2-3
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§2-7, Continued.
measured include the following:

A. Capacitance {Three Terminal). See Figures 2-1 and 2-2.
NOTE: When measuring the capacitance of transistors, it is imperative
vo remember that a signal applied to the input of the test device
will appear amplified in some form at the output (and usually with a
phase reversal), Capacitance measurements must be made with the out-
put of the device connected to the low test terminal (generator), and
the device's input connected to the high test terminal (detector).

1. Cygg: Reverse transfer capacitance between drain and gate, source
guarded. Device under test is fully biased. vgg = 0.

2., Ceb: Emitter-to-base capacitance, collector guarded; emitter is re-
verse biased., Vegp = 0 {open circuit for d.c.).

3. Cge: Collector-to-emitter capacitance, base guarded; collector is
reverse biased. Vgg = 0 {(open circuit for d.c.).

4, Cye: Collector-to-base capacitance, emitter guarded, Device under
test i1s fully biased.

5. Cgp: Collector-to-base capacitance, emitter guarded; collector is
reverse biased, Igp = 0 (cpen circuit for d.c.).

12
Crss
81AS TEST
o il o b =8
]
° o Lo o
Yos
o o GND o
n Ceb
¢
BIAS TEST ;
o 0 HI =
~Vge £
o o L0 o BT O NF
© oD o
KROFE: REVERSE BIAS OF BASE—EMITYER JUMCTION.

Figure 2-1, Transistor Capacitance Measurements: Cprge and Cgp

2-4 72C-0583 2-

www.valuetronics.com




§2-7, Continued.

12
BIAS TEST Cee
o Hi o £
3
o Q Lg & ¢
0. uF
VCE
o < GND o
C
12 re
£
B1hS - TEST 8
0 Hi [
C Q
* 0
o o Lo o ko477 | ©
[+
"'CB
o —0 6HD o
12
BIAS TEST 5
o HI o
#*
o o Lo o ~ 0.47uF
VCB
o 4] SND o

Figure 2-2. Transistor Capacitance Measurements: Cge, Cre and Cgp

B. Capacitance (Two Terminal). See Figure 2-3,
1. CoggiOutput capacitance between drain and source, gate a.c. con-
nected to the source. Device under test is fully biased. vgg = 0.

2. Cigg:input capacitance between gate and source with drain a.c. con-
nected to the source. Device under test is fully biased. vgg = 0.

3. Cppht Collector-to-base capacitance. Emitter is open-circuited for
both a.c. and d.c. <Collector is reverse biased.

2~ 72C-0583 7 2~5
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§2~-7, Continued

Coss
13 ' G.}}zF
1Y
BIAS TEST .
S NG
-0 Hi o
bl ﬂ/
[s3 0 Lo o §IOmH
Vbs
& 0 GND o
12 Ciss
b 1CmH
BIAS TEST (YT
o H & Ny
§ AROgF ©
¥os
Q
] 19 =5
12 Cob
£
BiAS TEST 8
< Hi o
¢
[ o 1.0 o
VCE
o o GND o

Figure 2-3. Transistor Capacitance Measurements: Cogsr Cigg and Cpp

C. Beta (hfg). See Figure 2-4.

A sensibly constant base current, ip, of 94 nA can be generated with the
aid of a 10 pF capacitor connected between the 72C's LO DIFF terminal and
the base of the transistor under test., The colliector current, which eguals
Bip, is fed to the HI TEST terminal, and the instrument responds as though
a capacitance of 8 x 10 pF were connected to its terminals. Beta (hge) is

2-6 72C~0583 2-
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§2-7C, Continued.
equal to one~tenth of the indicated capacitance in picofarads.

The LO DIFF terminal is used for the current source in order to offset the
180° phase reversal of current in the transistor.

The measurement of beta should be made under £ull bias conditions. In this
arrangement, the base current is independent {very nearly) of the input re-
sistance of the transistor because of the quadrature relation between the
reactance of the current source and the input resistance

The variable series capacitor in the base circuit (see Figure 2-4) must be
adjusted for a value of 10 pfF. This is easily accomplished by connecting a
small jumper between the socket's base and collector terminals (a "unity-
gain transistor®™), permitting the direct measurement of this capacitance,

12 h fe
BIAS
o o Hi o
Vo L0 TEST o
- 1.0 pf
L BIF o ‘}k' ry
o o GKD @
{mi 22pf * le
C.47TuF .
T T

Figure 2-4, Transistor Beta Measurement

If the LO DIFF terminal is used, the reading should be adjusted for -10 pF,
using the d,c. recorder output; or the LO TEST terminal may be temporarily
uged for a reading of +10 pF on the meter,

If the transistor socket {(and its circuitry) has excessive capacitance from
the base terminal to ground, it can be absorbed with a simple parallel-
resonant circuit, using a high L/C ratic to obtain maximum impedance.

D. Forward Transconductance (ggg). See Figure 2-5,

The 72C is calibrated for an input current of +jequwC, where C is the full-
scale value of capacitance for any given range, Connecting the gate of a
unipolar transistor to the LO TEST terminal will, by definition, generate a
drain current of eqdfs, provided that the external drain-circuit impedance

12 dfg
BEAS TEST R
[+ 0 H o A
éﬁamH ¢
1 0 AL
¥ o G(I\) A
DS Lo ° N
L3 §L,
o 5 GHD o
Ghlp ARE RESONANT AT I0OkHz

Figure 2-5. Transistor Transconductance Measurement

72C-0583
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§2-7D, Continued,

is small, Unfortunately, the phase of the drain curvent lacks the required .
+90 degrees.

A network is needed that presents a low  impedance to the drain, and that
provides the necessary phase shift of +9%0 degrees, The circuit shown in
Figure 2-5 satisfies these conditions. The resistor, R, is the calibrating
resistor for the full-scale value of ggg. Its value is readily derived,
The instrument is calibrated for a high-terminal current of:

[H

ic eng/QO"

The actual drain current is:
1d = egdefs
The voltage induced in the secondary of the transformer is:

e' = jiawM/90° (polarity arranged for +M)

To achlieve a fuli-scale indication for a given value of ggfg the resistor,
R, must have the wvalue:

. eqofswM/90°
R = g' /i = S9EN5 e - g M/C
¢ @ng/g{}D £s /

where R >> uwlg for the current to have the correct phase; M is the mutual
inductance of the transformer and eguals

M o= k YLpLg

The coefficient of coupling, k, may be determined easily by measuring the
primary inductance with the secondary ocpen-circuited, then short circuited:

k = /] - {Lsc/Loc)

If the resistor is selected for a full-scale reading of 1000 uS on the 100
pF range, the instrument will read:

C Range Jfs Range
100 pF 1000 us
300 pF 3000 us
1000 pF 10,000 us
3000 pF 30,000 us

A typical toroidal transformer might have the following circuit values:

Lp = 2500 uH
L‘S = 5 uH
ko= 0.935
from which,
M = 330 uB

The series primary capacitance for resonance must equal 1000 pF (approx.),
and for a full-scale range of 1000 uS on the 100 pF range, the calibrating
resigtor should equal:

R = (1000} (330/100) = 3300 Q

2-8 72C~0583 2
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SECTIOHK III
THEORY OF OPERATION

3-1. GENERAL HOTE
refer to Figure 3-1, a simplified schematic diagram of the Model 72C, in
connection with this explanation of the instrument's operation.

3-2. BRIDGE CIRCUITS

The output of the 100 kHz crystal-controlled oscillator appears across the
secondary of the transformer, the center tap of which is at r.,f. ground.
one end of this secondary winding goes to the LO TEST terminal; the other
end goes to the LO DIFF terminal, The HI terminals are connected together
and lead to the measuring section. A differential capacitor (the ZERC con-
trol), has its stators connected across the transformer secondary winding,
and its rotor connected to the common HI poest connection,
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Figure 3-1. Simplified Schematic Diagram

with the instrument operating, and with both TEST and DIFF terminals open,
the only signal appearing at the ocutput of this section would be the result
of the residual capacitances of the terminals and any fixtures connected to
them. Adjustment of the differential capacitor {ZERO) balances out this
signal, within the limits specified in §2-3C, resulting in zero output from
the measuring section.
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§3-2, Continued.

When a specimen capacitor is connected between the LO and HI TESYT terminal
a current directly proportional to its susceptance flows through the low-
impedance series-resonant LC circult to ground. (The appropriate resgonant
circuit is selected by the range-switching circuits,) The resultant voltage
appearing across the capacitive part of the LC circuit is applied, through
a tuned amplifier, to the synchronous detector.

The synchronous detector, gated by the crystal oscillator, converts the 100
kHz signal to d.c. and applies it to the d.c. amplifier section. The d.c.
amplifier's output drives the panel meter; it alsc drives a voltage divider
that supplies an adjustable analog output {both at the rear terminals and
at the rear connector, P102}, for external indication or control purposes.

3-3. RANGING CIRCUITS

"Range switching in the 72C is accomplished by a combination of the panel
range switch, switching diodes, and miniature reed relays. The panel switch
handles only contreol voltages; no signal currents pass through. it. This
design eliminates a fregquent source of errors, and improves relliability.

The switching dicdes are biased "off" by the 2,4 Vv differential between the
+6.6 V on the cathodeg and the +4.2 V on the anodes, When contacts cof the
range switch are closed, the cathode of the appropriate diode is grounded
for d.c. through an r.f. choke and a 10 k& resistor. As it then has a net
pogitive bias on its anode, the diode is switched to the conducting state
and thereby connects cne end of its associated range network to the input
of the 100 kHz amplifier. At the same time, the range switch energizes the
associated reed relay through a logic circuit that then connects the other
end of the range network to the output of the measuring section.

3-2 72C~-0583 3~
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SECTION IV
MAINTENANCE

4~} . GENERAL NOTES
A. The values and tolerances shown in this section are not specifications;
they are provided only as guides to maintenance and calibration,

B. For all calibration checks, the 72C requires a warm-up of one hour,
minimum.

4~2. TIHTRODUCTION

The Model 72C is designed to operate within stated specifications over a
ieng pericd. However, to achieve the maximum performance, it is desirable
to check and adjust the instrument periodically, Basically, two adjustments
are recommended:

A. A zero-balance check and adjustment every 500 hours of operation (three
months of normal use}.

B. A calibration check every 1000 hours of operation (six months of normal
use) .

In addition to these two periodic checks, complete adjustment procedures
are described in §4-8 to §4-13, It is felt, however, that because of the
complete calibration procedures performed at the BEC factory, these adjust-
ments are not needed when the instrument is used in normal laboratory or
factory environments. It is recommended they be performed only in case of
accidental misadjustment, component failure and replacement, or when the
instrument has been subjected to severe environmental stresses such as
shock or vibration.

Complete schematics, a parts list, and componént—location drawings are at
the end of this manual and should be referred to for servicing.

4-3, TEST EQUIPMENT REQUIRED

Test equipment reguired for maintenance and adjustment of the 72C is listed
in Table 4~1, Other models of test equipment that meet or exceed critical
specifications may be used instead.

4~4, ZERG ADJUSTMENT

I1f, after the zero has been adjusted on the lowest range with the front-
panel ZERC control, there is disagreement between the higher-range =zeros,
the following zero adjustment should be performed,. No standards or test
eguipment are needed to perform this check and adjustment,.

A, To check the zeros with no capacitance on the TEST terminal, set the
72C to its lowest range and adjust the front-panel ZERO control for zero
indication, Now select all higher ranges and observe and record the meter
indications on these ranges. The indications should not differ from zero
by wmore than 0.5% f.s. If a zero indlcation does exceed these limits,
proceed as follows: '

B, Turn the instrument "off" and check the meter pointer with the 72C in
its nermal operating position, 2djust the meter gzero {black screw below
the dial) to indicate exactly zero.

C. Turn the 720 "on", connect the BNC adapter %o the instrument, but use
no capacitor, and adjust the front ZERC control on the 1 pF range until the
72C indicates zero.

D. Select the 1000 pF range and adjust R133 {(at the vear of the 72C} until

4~ . 72C-0583 . 4-1
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§4-4D, Continued,

the instrument indicates zero on the 1000 pf' range.

E. Set the instrument to the 1 pF range and adjust the front ZERO again,
NMow check all other ranges, which should be within the #0.5% f,s. limits. s

If desired, the 1000 pF range zero (R133) may be reset slightly to make the
maximum positive zero deviation egual to the maximum negative deviation,
This procedure will minimize the zero error when the instrument is used on o
different ranges without front ZERO adjustment. -

Table 4~1. Required Test Equipment for Maintenance and Adjustment

EQUIPMENT " CRITICAL SUGGESTED
SPECIFICATIONS MODEL
pDigital D.C. 100 mvV to 20 V., Minimum Data Precision
Voltmeter input resistance 1 MQ 1350
R.F. Millivolt- Imv to 1 v, 100 kHz Boonton Electronics
meter minimum bandwidth 928 with r,f. probe
High-0/Low-0 100 pF %0.25%, O > 500 (see Figure 4-3) .
Standard and ©Q = 3, at 100 kHz
Capacitance 3000 pF £0.1% BEC Model 953117
Standards, 1000 pF 20.1% BEC Model 953116
100 kHz 300 pF *0.1% BEC Model 953115
100 pF £0.1% BEC Model 953114
10 pF *0.1% BEC Model 953112
1 pF *0.1% BEC Model 953110
Loading Capacitor 200 pF 5%, mica
500 pF 5%, mica

4~5, CALIBRATION CHECK

A. Allow a minimum of one hour warm-up. For the checks in the Ffollowing
paragraph, adjust the zero with the front ZERO control at every range prior
to making measurements., Perform the Zero Adjustment (§4-4}, 1if necessary.

8., Connect, one at a time, the 1, 10, 1006, 300, 1000 and 3000 pF standards
and check the errors on the corresponding ranges, These errors should not
exceed 0.5% on any range. Record the indications.

C. PRefore making further adjustments, analyze the results. If all ranges
have errors in the same direction and approximately by the same percentage,
a simple test~level adjustment will correct the calibration. However, when
ranges need adjustment in different directions (i.e., some have positive,
some have negative errors), or by different amounts, they will have to be
calibrated separately,.

4-6, CALIBRATION ADJUSTMENT

A. Test~Level Adjustment. When all ranges have drifted by approximately

4-2 72C~-0583 4-
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§4—6, Continued,

the same amount, a single test-level adjiustment may correct the calibra-
tion., For this adjustment, warm up the 72C, remove the top cover, select
the 100 pF range, zero the range, and connect a 100 pF *0.1% standard to
the TEST terminals, Tf the indication 1is not within 0.5%% of the standard,
adjust the ten-turn trimmer R202 on the amplifier plug-in beard to obtain
the correct reading within 0.,1%. By this adjustment, indications on all
ranges will be corrected by the same percentage, The test level is also
changed by this adjustment, but this change usually is insignificant, The
zeros of the ranges will not be affected.

The same result may be achieved by adjusting R142 on the 100 pF range (thus
correcting ail "1" ranges by the same percentage), and R146 on the 300 pF
range {which corrects all "3" ranges by the same percentage).

B, Range Adjustments. For individual range adjustments, the instrument's
bottom cover has to be removed in order to allow access to calibration ad-
justments Ciii, C117, and Cl21 on the lower left side of the instrument.
To shield the instrument during these adjustments, the 72C should be set on
a plain aluminum sheet; alternatively, use a test cover provided with the
appropriate access holes.

1. The adjustments should always start with R202 (§4-6A) on the 100 pF
range because this adjustment affects all other ranges.

N
s

For the 1000 pF range, connect the 1000 pF 20.1% standard to the
TEST terminal and, using a 1/16" insulated screwdriver, adiust Cl21
for a reading within 0.1%.

3. For the 10 pF range, use a 10 pF standard and adjust Cii7.
4, For the 1 pF range, use a 1 pF standard and adiust Cill.

5, For all "3% ranges, select the 300 pF range, use a 300 pF standard
and adjust Rl46 (located at the rear of the instrument}).

4-F,. NOTE: PERIODIC CALIBRATION

The procedures of §4-4 and 4-5 cover the recommended periodic calibration
of the 72C. The adjustments in the following section are not recommended
to be performed periodically.

4-8. MAINTENANCE AND REPAIR ADJUSTHENTS

The fellowing adjustments are factory adjustments that are not affected by
aging or drift of the components, and are therefore expected to remain set
during the life of the instrument, Furthermore, their influence on the
72C's accuracy is somewhat less than the influence of direct calibration
adjustments. Therefore it is not recommended that the adjustments described
below be made during periodic calibration routine. They have to be adjusted
only in circumstances described in §4-2B, or when certain characteristics
they affect are known to be out of specification., The characteristic that
@ach adjustment affects, and the method of adjustment, are described below.

4-9%. POWER~SUPPLY ADJUSTMENTS Ril5 AND R118
Trimmer Ri15 should be adjusted to make the positive supply +15.0 V, within
£3.25 V. Use R118 to adijust the negative supply to -15 V 10,25 V.

4-10. L10Z, L1003, AND L104 LOADING ADJUSTMENT
The 72C is designed for three-terminal measurement; that is, it measures
only the capacitive component between HI and LO terminals and ignores the
"loading capacitance”™ from the HI terminal, or from the LO terminal, to
ground. Tf fixtures or cables with high loading capacitances are used to
connect the test capacitance to the 72C, and an error is introduced that is
more than that specified due to capacitive loading, the loading adjustiments
L102, Li03, and L1G4 have to be adjusted.

NOTE: When loading errors are intolerable (owing to inordinately large

values of loading capacitance at either or both test terminals},
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§4-10, Continued,

the loading capacitance can be negated by means of a parallel in-
ductor connected between the center conductor and ground at the
offended terminal(s). The combination of loading capacitance and
shunt inductance should resonate at 100 kHz. Capacitance can be
added in order to avold non-standard inductance values.

A. Loading-Error Test. To test for loading error, special loading capaci-
tors of 200 pF and 500 pF should be constructed according to Figure 4-1.

CONDUGCTOR

SHIELD

BNC MALE
CONNECTOR

200pF £5% OR B00pF 5%
DIPPED MICA CAPACITOR

Figure 4~-1. Special Loading Capacitor

To connect the loading capacitor and the test capacitor, use a BNC adapter
with two BNC "Tees", as shown in Figure 4-2,

/%ERO CONTROL

LOADING _J//f
CAPACITOR STD. CAPAGITOR

Figure 4-2, Loading Capacitor Test
For the loading test, select the desired range, connect the BNC Tee adapter
as shown above, and zero the instrument with the front ZERO control,

Connect the standard capacitor to the right side of the Tee and reccrd the
instrument indication. Now disconnect the standard capacitor and cornect
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§4-10A, Continued.

the loading capacitor to the left side of the Tee on the HI terminal. Zero
the instrument again, connect the standard capacitor to the right side of
the Tee and measure the standard capacitor again, The difference between
indications should be within the following limits:

HT TERMINAL MAXTMUM
LOADING RANGE : DIFFERENCE
200 prF 1, 2, or 3 pF 0.5%

500 pF 10 pf and higher 0.25%

Should the HI terminal lcading cause larger errors than those listed above,
adjust the loading coils as follows.

B. L1602, L103, and L104 Leading-Coil Adjustments. Select the proper range,
proper standard, and proper loading capacitor. Only "1" ranges have to be
checked, because the next higher "3" range uses the same input circuitry.
zero the 72C and measure the standard capacitor; record the result. Now
remove the standard capacitor and connect the loading capacitor to the HI
terminal. 7erc the instrument again, then re-connect and re-measure the
the standard capacitor, If the measured value does not agree with the pre-
vious measurement, adjust:

LOADING

ADJUSTMENT RANGE

L102 1, 3 pF
1103 10, 30 pF
L104 166, 300 pF

The 1000 pF range and the 3000 p¢¥ range are adjusted with the 100 pF range
adjustment,

The loading-coil adjustment may affect the calibration of the ranges to
which it applies. Therefore, the calibration has to be checked (§4-5), and
if required, adjusted (§4-6}.

LO terminal loading should not change &uring the life of the instrument and
should not have to be checked.

4-11. HIGH~Q/LOW-Q ADJUSTMENT C223, C228, AND T201

The 72¢ measures only the capacitive component, and ignores the resistive
component, of the current between the HI and LO terminals. In order to
accomplish this, the reference voltage to the phase detector should be in
correct phase relationship to the signal voltage through the amplifier,
Correct phase relationship is established by checking the instrument with
high-¢Q and low-0 capacitors as follows.

A. High-0/Low-Q Test. 8Set the 72C to the 100 pF range, zero, and connect
the High-0Q/Low-(Q standard to the instrument. {The schematic diagram of a
High-Q/Low~0 standard that iz sultable for use at 100 kiHz is shown in
Figure 4-3.,) Measure the capacitance in both the HI and LO O position of
the standard and compare the results. if they differ by mere than 0.5%,
the high-low { adjustments need readjusting.

B, High~Low O Adiustment. Set the 72C to its 100 pF range and zero with
the front ZERC control. Connect the r,.f. voltmeter to test point TP3 and
measure the r,f. voltage, which is typically 10 - 30 mv, Adjust the phase-
detector balance with €233 for a minimum indication on the r.f. voltmeter,

Now connect the High-0/Low-Q capacitance standard to the TEST terminal and
make a measurement in the HI-0O position. Record the result. Make the same
measurement in the standard's LO~Q position and adjust €228 until the HI
and the LO O measurements agree within 0.25%. If the range of C228 is not
sufficient to bring the indications into agreement, the core of transformer

: 4~ 72C-0583 4-5
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§4-118, Continued,

201 may be adjusted for the same purpose. In either case, take note that

high~low @ adjustment may necessitate recalibration of the 100 pF range, as
described in §4-6A.
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TRIMMER CAPACITORS SHOULD BE ADJUSTED IN BOTH SWITCH
POSITIONS FCR A CAPACITANGE OF 100pF = 0.5 pF, AS HEASURED
ON A 100 KKz .

Figure 4-3. High~-Q/Low-Q Standard

4-12, T401, C202 TUNING

The input transformer, T401, should be tuned to the 100 kHz crystal for
proper operation of the oscillator. This may be accomplished by adjusting
either the trimmer C202 or the transformer core, The core adjustment should

be used only when the range of (202 is not sufficient for proper adiust-
ment ., .

To adjust the trimmer €202, remove the 72C's top cover and connect the d.c.
voltmeter (10 V range), to TPl on the amplifier plug-in board., Now adjust
€202 for a maximum voltage, typically +4 to +6 V, d.c.

If the maximum cannot be reached by adjusting C202, the core of transformer
T401 can be adjusted. This adiustment 1s available at the bottom of T401
by remcving the bottom cover of the 72C¢. Set €202 to the midpoint of its
range, and vary T401's core adjustment to achieve a maximum d.c, voltage as
measured at TPi.

Following either of the above adjustments, the 72C should be calibrated as
described in §4-6A.

4-13. 100 kHz AMPLIFIER TUNING (L2001 ADJUSTMENT)

For accurate adjustment of 1201, the 100 kHz amplifier should be operated
without overall feedback by unsoldering the link between the two solder
terminals next to the L20% coil, Now the amplifier gain is increased by
apbout 30 dB and the fregquency response is sharply peaked at 100 kHz,

Te adjust L201, set the 72C to the 100 pF range, connect the r.f. volimeter
to TP3, and adiust the ZERO control until the voltmeter indicates 0.2 to
0.5 V. Adjust the core of L201 (from the rear of the amplifier board) with
a 1/16" insulated screwdriver, to peak the wvoltmeter indication, Rasolider
the link removed above. Perform the test-level adjustment (§4-6A).
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4-14, TROUBLESHOOTING: GENERAL .
Should the 72C fail or malfunction, a two-step approach to troubleshooting
and repair is recommended: identify the defective gection; and troubleshoot
and repair the section. :

The instruments listed in Table 4-1 will serve also for troubleshooting.
The only pocint for attention ig TP2--the input to the 100 kHz amplifier,
Under normal operating conditions the signal level at this point is 150 wv
at 100 kHz for a full-scale indication on every "1" range. This signal is
too low to be measured accurately with the recommended instrumentation.
Therefore, introduce a 10-times overload (100 pF test capacitor on the 10
pP range} to bring this level to a measurable range, for testing ranging
circuitry.

4~15, IDENTIFICATION OF DEFECTIVE SECTION

To identify the defective section, use the troubleshooting block diagram
(Figure 6-1}, and the simplified troubleshooting schematic diagram {Figure
6-2). These diagrams should be sufficient to guide you through a logical
troubleshooting seguence,

4-16 . TROURLESHOOTING DEFECTIVE SECTIONS

Figure &-2 should be used to find the pertinent signal- and d.c.-voltage
levels. This information, together with specific tests recommended in the
following paragraphs, should enable an experienced troubleshooter to locate
and repair defective components.

A, Power Supply. Normal output levels are as follows:

+15 V supply, {at the positive terminal of CI28), +153 VvV x0.25 V;
=15 V supply, {at the negative terminal of (129), ~-15 V #0,25 V,

When the output voltage cannot be set within the specified limit, check for
an external "short" by checking the temperature of the series regulators
(IC101, 102, and 103). High temperatures indicate external shorts:; a cool
regulator indicates trouble in the power supply~~or normal operation,

B. 106 kHz Oscillator. Normal operating levels are

at LO tevminal: 100 kHz, 15 mV %2 mv
at TPl: +4 to +6 V, d.c.
at J101, pin X: 1.5 VvV, r.m.s., 100 kHz

Check C202 or 7401 tuning {(§4~12). When grossiy out of tune, the oscillator
will not oscillate,

C. Ranging Circuitry., Ranges are selected by reed relays K101 to K103 and
switching diodes CR10% to CR112, If a particular range is activated, that
range's reed relay is closed and its associated switching diode is forward

biased. Normal voltage levels are as follows:
Pin 3 or pin 5 of IClL06 or ICL07 Pin b of Jl01
Range Activated 0 v 4.2 V
Range Not Activated +20 Vv 4.2 V

If the voltage on pin 3 or pin 5 of ICl06 or ICl07 is pulled down when the
proper range is selected, but the range is not activated properly, look fer
trouble in the reed relays, diodes CR109-CR112, and associated circuitry.

If pin 3 or % voltage is not pulled down by range selection, the trouble is
in the range switch, ranging lines, or in IC106 and/or ICL07.

The "3" ranges are selected by decreasing indicator MI0l current by opening
K104 contact.

4 72C-0583 47
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§4-16, Continued,.-

D. 100 kHz Amplifier. The amplifier ig a tuned feedback amplifier with a
closed-loop gain of approximately 70 dB. The open-loop gains by stages are

First Stage (0203 and 0204): 54 48
Second Stage {(Q205): 23 &g
Third Stage {(Q207): 23 ds

An output level of 0,5 V at TP3 is produced by an input level of 150 uwv at
pin D of J201; the input level is too low to measure accurately with normal
instrumentation.

To troubleshoot the amplifier, check d.c. operating voltages and signal
ievels as shown in Figure 6-2. Replace defective components, if necessary.
If this does not restore normal gain, check L201's tuning (§4-13).

The condition in which the 72C operates normally in one or more ranges {but
not in all ranges), indicates that the trouble is in the ranging circuitry.
The amplifier should not be serviced in that case.

B. Phase~Sensitive Detector., The phase~sensitive detector circultry con-
sists of bridge circuit CR205-CR208, and overload detector Q208 and 0209.
Normal operating levels at full scale (100 pF on the 100 pF range) are:

100 kHz Amplifier Qutput TP3: 500 mV, 100 kHz
Detector Output at TP2: +0.5 Vv, d.c.
Phase-Reference Drive at C228: 10 Vv, 100 kHz

When the 72C is zerced, the phase-detector output at TP2 should be ¢ mv,

Normal overload sensor voltage on pian 8, J101, is -15 V when indication is
on~range (100 kHz amplifier output at TP3 of 1.5 V, 100 kiz). With an over-
load condition (TP3 voltage above 1.8 V), the pin-S voltage should change
o +12 v,

F. Phase-Reference Channel, The phase-reference channel consists of the
reference amplifier 0206, and a voltage-divider and phase-shifting network.
Normal operating levels are

Input {0206 bhase): 1.0 v, 100 kHz
Ouput at T201 secondary: 4 V, 100 kHz

T201 is tuned for maximum output at 100 kHz, and finally adjusted for
correct phase (§4-11).

G. OQutput Amplifier. COperational amplifier Al0l drives the meter circuit
and the analog output. Normal operating levels (with 100 pF on the 100 pF
range), are

Input at pin 3: +0.5 V
Ouput at pin 6:; +4.0 V

An overload signal causes the amplifier to clamp to a maximum positive out-
put; the overload signal is then applied to pin 8, whose normal voltage (up
to 1.5 V at pin 3) is 0, and whose overload voltage (above 1.8 V at pin 3)
is up to +12 Vv,

The input and output voltage of the 72C's output amplifier will be zero if
there is zero input to the 72C and the instrument is properly zeroed.

4-~17. EXTERNAL PIN ASSIGNMENTS

Rear-panel connector P102 makes available +15 Vv and +5 V for use with BEC
options; it also provides an analog output for a rascorder. In addition,
pins are available for the following purposes: (1) for the connection of
external voltage supplies to bias the HI and/or LO terminal:; (2) for remote
ranging. See Figure 4-4 and table 4-2 for pin locations and descriptions.
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Table 4-2.

External Pin Assignments

TERMINAL FUNCTION REMARKS
A +15 V Power for BEC~supplied options only
B +S v n V 1" [1] " " L3
1 *HI terminal bias £200 v, d.c,, maximum
2 L0 terminal bias 00 vV, d.c., maximum
3 Ground
4 + Analog output’ +1 vV, f.s., 1-10-100-10600 range
+3 v, f.s., 3-30-300-3000 range
Z =1 k&
5 Ground
7 Manual disable Connect to ground to disable front-panel
programming
9 3000 pF range Pins 9-16 are external range-programming
inputs,
10 100¢ pF range Logic 0, or connection to common,
selects corresponding range. These
11 300 pF range lines may be used as outputs to
indicate current operating range:
12 100 pF range the range line corresponding to the
operating range will be at logic 0
13 30 pF range {logic 0 < +0.5 V).
14 10 pF range
15 3 pF range
16 1 pF range

HI TERM BIAS
10 TERM BIAS

+

18y

ah]

+5Y

EXTERNAL PROGRAMMING PIN ASSIGNMENTS
[] PROGRAMMING INPUT: GROUND FOR COMMAND.
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SECTION
LIST OF REPLACEABLE PARTS

5-1. INTRODUCTION .

" The List of Replaceable Parts begins with major assemblies, including PBC
boards complete with all their parts, followed by miscellaneous parts, and
components not mounkted on PC beoards, Then all the components of the indi-
vidual assemblies (including PC boards) are listed.

To simplify ordering, please note the following:
A. When ordering a component or an assembly, the BBEC Part Number ig all
that we need. However, part numbers can suffer changes during transmission
and it is safer to include also a brief description. Examples:

1}  BEC part #200050: Mica Capacitor, 470 pF, 1%, 500V,

2} BEC Part #102409: Oscillator PC Board Assembly,
B. The number printed on a PC board is NOT an assembly number; it is the
number for the bare board, alone. To order a complete assembly--the board
with all its components installed--order it by the BEC Part Number given in
the Assembly section of this table.
C. Unless otherwise identified, the number on a schematic diagram or on a

parts-location diagram is NOT an assembly number; it is the number for just
the diagram itself,

Table 5-1. Manufacturers' Federal Supply Code Numbers

NUOMBER  NAME MIMBER  NAME
40213 Nytronics 27735 F-Dyne Rlectronics
08241 Fenwal Electronics 32897 Erie
01121 Alien Bradley 32997 pourns, Inc,, Trimpot Div,
01245 Texas Instruments 33883 RMC
02660 Amphenol 34430 Mongsanto
64222 AVX 54426 Buss Fuses
04713 Motorola Semiconductor 56289 Sprague Electric
04901 Boonkton Electronics 57582 Kahgan Electronics
06776 Robinson Nugent 71450 CT8 Corp.
07263 Fairchild Semiconductor 73138 Beckman Instr., Helipot Div,
14655 Cornell-Dubilier 749790 E.F, Johnson
16482 Belden 78526 Stanwyck
17117 Electronic Molding 81840 Ledex, Inc.
19701 Mepco Electronics 83330 H.H, Smith
20307 Arco (Micronics) 91637 Dale Electronics
27014 National Semiconductor 96804 J.W, Miller
27264 Molex, Inc. 98291 Sealectro Corp.
F20-0583
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LIST OF REPLACEABLE PARTS

Ttem Description MEfr. Mfr's Part # BEC Part #
ASSEMBLIES
Front Sub-Panel Assembly BEC 072038
Rear Panel Assembly BEC - 072039
Master P.C. Board Assembly BEC 672040
Oscillator-Amplifier Board Assembly BEC 072641
Oscillator Transformer Assembly BEC 072042
Rotary~Switch Assembly BEC 062013
Variable Inductor aAssembly BEC 072043
Amplifier Output-Transformer Assembly BEC 072044
Phase-Sensitive Detector Assembly BEC 072045

FRONT SUB~PANEL ASSEMBLY, PART NUMBER 072038

oypa Cap Cer 0.81 pF 20% 1600V S6288 £0G23A102J103M {56BA-31D 224228
Cu0s Cep Cer 0.01 gF 20 I1G0GV 56268 CO23A102J103M (584-3810) 2U228
Fu01 Fuse 0.1 A 8lo Blow (220/240V) 54426 MbL 5455189
Fyn1 Fuse 0.2 A (120V} S4u2s MDL 0.2 545508
Fygz Fuse 1732 A 250V AGC L4426 AGC 545525
FUugsa Fuse 1732 A 250V AGC SHUZEB ABC 545525
JYnl Conn Pin Femalae 27284 Reel #02-06-1231 479320
JUGE Conn Pin Female 27264 Reel #02-06-1231 $79320
JHO? Conn Pin Female 27264 Reel #02-06-1231 478320
Juos Conn Pin Famala 27264 Reel #02~06-1231 Hra3a0
Ju08 Cann Pin Female 7264 Reel =#02-06-1231 479320
Juig Conn Pin Female 27264 Reel #02-06-1231 Y793210
J427 Conn Pin Famals ' 27264 Reel #02-05-1231 479320
JUEE Conn Pin Famals 27264 Reel #02-05-1231 479329
JHIG Conn Pin Female 27364 Reel #02-06-1231% 479320
JHAOD Conn Pin Famale 27264 Resl #02-0B-1231% 479320
JH31 Conn Fin Female 27464 Resl #02-06-1233% $793290
Jiaz Cann Pin Femals 27264 Reel #02-06-1231 479320
PUYGI Conn Line Cord I64B2 17252 y77281
/YNl Res Comp 510k ohm 55X 033121 EB 34Y568
RrRUG2 Rag Domp 240K ohm 5% 41:21 EB 3yysaz
SHo2 Saitch 81849 Series 210 Ugg230
THOR XFMR Pousr a4941 BEC YUYg071

REAR PANEL ASSEMBLY, PART NUMBER 072039

cHay Cap Var 1,8-8.,7 pfF 74870 160-9305-001 275138
CRYUO1 Dicce LED Red Diffuszed . AUY 30 MVEDRS 536060
JHil Conn Pin Femala #7264 Reel #02-06-1231 479320
Juia Conn Pin Famale 272684 Reel 202-08-1231 478320
Jyia Conn Pin Famals 27384 Reel #02-85-1231 479320
Juiy Conn Pin Femszle #7264 Reel «02-06-1231 Uz7a3p2c0
JY1s Conn Pin Female ) 27264 Reel 202-08B6-1231 H79320
JULE Conn Pin Famale R7264 Real #02-06-12331 79320
Jui1z? Conn Pin Female 27264 Resl £02-06~1233% 474320
J418 Conn Pin Femals 27264 Reel =02-06-123%1 478320
J4p24 Conn Pin Famale 27264 Real =02-06-123%1 4793290
JU2s Conn Pin Female 27264 Real s02-0868-1231 §78329
JY 2B Conn Pin Famale 27284 Reel 202-0G-1231 Y*53z0
M101 Hater Analog & Seale #M/F SB5HAY7, SS4248 0UB01 BEC 554249
Fun2 Banana Plug with Stud B/32 x 34 83330 4Yls 4727178
84801 Rosker Switch {white) ONAGFF RGH- 04 ~22-80-BB~5-Wi-BK 465203
T4l Gecillator Transformer Assy for 72C araougz

MASTER P.C. BOARD ASSEMBLY, PART NUMBER (72040

ALOL D LM3G1AN Op Amp 27014 LM30L1AN 535012
G143 Gap PO 0.1 uF 10X 830V 18701 C2B0CB/ALO0K 234081
cioz2 Cap PL 0,15 pF 10% B3OV 16701 C280MCE/ALSOX 234147
£1ip3 Cap Mica %3 pF BX 300V AG3G7 DMS-ECH 3O 265014
G164 Gap Mioa 100 pF G¥ L00V 20307 DMiEF10L-J 200001
cias Cap Mica 910 pF 1% 100V 20307 RDM1SFAS11FO03 200675
Ci06 Cap Mica 0.01 aF X 300V 20307 RDM3IOFDI03F03 203617
5~2 T2C-0583
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Item Deseription Mfr. Mér's Part No. BEC Part No.
MASTER P.C. BOARD ASSEMELY, PART NUMBER 072040 {CONTINYED)
cig? Cap Mica 1% pF 5% 300V 28307 BMS-CL1500 205035
cing fap EL 1000 pF 38V L7582 KSMM-100G0-35 PB3350
Cigg Cap EL 1008 pF ABY 57582 KSMM~-1000-35 263350
£iva Cap Mica 200 pF 5¥ 10OV 20307 DMS-FA201J 285024
11l Cap Var Car 5.1-%0 pF (Green) 56289 BKRS000D 281008
CLin Cap Mica &2 pF 5% 300V 20307 DOMS5-ECS203 2065015
Ciri3 Lap Mica 108 pF 1% 500V 20307 OM-15%-101-F 2OO0ONS
Ciiy Cap Mlca 810 pF 1% 140V 20307 ROM15FAS11F03 200075
£iis Cap Cer 0.001 wF 508V 33683 25U 224114
£i18 Cap HMylar 0.1 uF 4% 100V 16701 C2BOMAH/ALIO00K {only) 234080
Gis7 fap Yar fer 5.1-58 oF (8reant SE2BY GKR50000 2810086
tiig Cap Mylar 0.1 pF 10% 100V 18701 C280MAHAALODK tonly} 234080
{136 Cap Cer 0.001 uF 500V 23483 25U 224114
Cign Cap Mylar 0.1 pF 0% 100V 18701 CR2BOMAH/ALOOK (only) 234080
£i21 Cap Yar Cer &5.1-50 pF (Gresn) 58288 GKR5000( 281006
Cias Cap Mylar £.3@ pF 10%¥ 100V 16701 CREBOMAH/ALIGRH tonly) 234080
Cigs Cap Cer 0.001 uF 00V 33883 z5U AU
Cray ftap Car G.001 uF 500V 336883 75U 226811y
3124 Cap Cer 0,001 oF 00V 33883 ZnU 224114
Cipy Cap Mylar 0.1 pF 10% 1040V 19781 C2BOMAHAALOOK fonly! 234080
CLeg Cap EL 100 ufF 25V SE288 TE-1211 {30D107G0RSHND2) 283105
Diga Cap EL 100 psF 25V LERE88 TE-121% {(30D1075025D02) 283108
C13 Cap Mica 30 p¥F HE SO0V 20307 OM-10~300~3 200073
Cc1it Cap Mylar 8.1 pF 10% 100V 18701 C2B0MAH/AL00K fonly) 234080
c1az Cap PE 0.22 pF 10% 100V 19701 7i8B1C22UPK101SA 234168
Cias Cep Cer 1.0 gF Z0% 50V OUZEEd SRINLBELOSMAA 224204
136 Cap Cer 1.0 aF 20% 54V OHE22 SR3DGE1IOSMAA 224264
€137 Cap Mica 33 pF b 300V 2367 DMS-£C330J 20500
138 Cap Mica 33 pF 5% 300V 20307 OM5E-EC330J 205010
139 Cap Mica 33 pF S22 300V 20307 DMS-EC3306J 2050310
Ci4n Cap Mica 33 pF 5% 300V 20307 DMS5-E0330J 205010
01y Cap Mica 33 pF 5% 3600V 20307 DMS~EC330J 205010
CR1O1 [Dilode Sip INOQLY 912085 INDIY 530058
CR1G2 Diode Sie INS1Y 11298 1nNgG1Y ERIHCY:
CR183 Dioda HBig I1N8IM 01285 iNR1Y 536058
CR1O4 [Diods Bridgs KPBE-D2 20307 KBP-02 532013
CRINS  Diode Bridee KPR-02 20307 KBP-02 532013
CR107 Dicde Sia INS1Y 01285 1IN931u 530058
CRi08 Diode Sieg IN9I1Y 012985 1NSLY 530058
LR1GS Diode Sig IN9IH 01285 1ING1lY 530058
CRILI0 Diode Sig INQIUY 01295 1N81Y 530058
GR1I11 Oiode Sig INQIW 0129% INS1Y 53040508
CR11? Dlode Sig 1N8LLE 01295 1NS1Y 530058
CR1132 Diode ZEN 1NS2308 4713 INS230B 530103
CR114  Diode Sig 1N9I1YW 031285 1IN91Y 530058
CR11% Diode Sig ING1HY 01285 1INGLY 530058
IC1901  IC 7885UC Regulator 07263 pAZ7B05UC 535011
IC102  IC 780%UC Regulator 97263 pA7BOSUC 535011
10y IC LM723CH Resgulator 27014 LM723CN SaALe37
ICios  IC LMZZ3CN Regulator 27014 LMJ23CN 5350637
IC106 I£ SN75451AP 01285 SN7BLSIAP 534068
IC10Y I SN7SUTIAR 01295 SNJSLS1AP 534006
IC1G8 I SNZSHUS1AP 01285 SN754H51AP 534006
I£110  IC SNZYLSI2N 01285 BN7BLSIE2N 534330
Jing Conn 22 Pin 02680 143-D22~07 U79231
K101 Ralay Loil MSF B0P1SI 04801 BEC Y7502
Kioe Relay Ceoil M/F BO2LS] 04801 BEC yraspa
K183 Relay Coil MAF BD2151 c¥9a1 BEC wrps02
K18y Relay Coil M/F BD21%51 GM901 BEC 47502
L1641 Inductor 568 mH 10% 98804 9250-566 HaEUAB
L102 Inductor 15-40 mH ae804 9082 HGGYR3
L1803 Inductor 0,.6%-1.3 mH 98804 8058 yoouz2s
L10y Inductor 120-280 uH 9g80Y 8056 HO0230
L165 Inductor 1.5 aH 78526 DINK 1500 4yooiss
Lige Inductor 85 mH 10% 85804 G250-686 500418
Lig7 Inductor B mH 10X 96804 9250-6586 Lppuy1g
Lios Inducter 88 mH 10X aB80% 9250-688 500418
Li0ng Inductor 88 wmH 102 968048 9250-686 ygoul19e
LiiD Inductor 68 mH 10% 96804 9250-886 400419
Liii Inductor 10 mH 10% 968048 8250-1086 400422
72C-0583 5-3
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Item Oszcription Mfr, MFfr's Part No. BEC Part No.
MASTER P.C. BOARD ASSEMBLY, PART NUMBER 072040 (CONTINUED)

Pios Conn Pin (mals) 8281 Z29-1086-~00D-550 K77240
PLO5 Cann Pin Imale) 4Bzl 228-1086-000~-550 477240
PLlG Conn Pin {male! G823 228-1086-000~550 y772ug
P107 Conn Pin (mala) 48281 229-1086-000-5%0 477240
PLO8 Conn Pin fmale} 98281 229-1086-000-550 477240
Ping Conn Pin fmale} 98291 2Z8-10856-000-550 477zug
PL1O Conn Pin fmals} 68291 228-10686-000~-550 WZ272U0
Fiii Conn Pin tmals) 98291 229-1086-000~550 B27240
Pliz Conn Pin (male) 482491 228-:10B6-000C-550 4772240
Pi13 Conn Pin (mala) 98291 228-1088-0Q00-550 477240
Pily Conn Pin (male) 98291 228-1086-000~550D Y7240
P115 Conn Pin {male) 98281 229-1086-000-550 yz772ug
P16 Conn Pin {mala! GA291 228-1086-000-55D Uz724¢
P117 Conn #1in imals) GH2G1 229-1086-000~550 377240
F1a3 Conn Pin (mals) 88291 229-1086-000-550 L77240
1oy Conn Pin (male) G8381 239-1086-008~550 477240
Pi25 Corn Pin {malae} 94291 228-1086-000~559 W77240
Fi126 Lonn Pin Imale) 58291 228-1086-000~5%0 B77240
Pig7 Conn Pin imala: 968281 220-1086-000-550 y77240
Pias Cann Pin fmale!} 98281 2289-1088-900~550 y772u4g0
Plz8 Conn Pin fmale!} 9B29% 228-10858-000-558 W77240
P10 Conn Pin (male) 9828 2285-1086-000-550 77240
F1ai Carn Fin {mala) g82m1 229-108B~000-550 B77240
R10G3 Ree Cowp 1.8k ohm 5% 01121 EB 3uu311
RiGH Res Comp 100Kk ohm 5% 031121 EB IYYysao
RiDG Ram Uomp 1900k ohm BY D1121 EB 34yso0
FIDB Res Comp 5.1k ohm 5% 01121 EB 34yy3ee
Ri0? fRes Comp 1.0k ohm BX% 31121 CB 3jy33oe
rigy Reg Comp 1.0k ohm GX FiiZl CB 343300
R10S Rez Comp 2k ohm 5% G111 ER 35U32%
Rl Rez Comp 10k ohm 5% n:iz1 ER 34400
Ri1l Res Comp 10k ohm 5% Diizl EB KRR 3]
R112 Res Comp 10k ohm 5% 01134 EB 3444090
R113 Res Comp 10k ohm 5% 01121 EB 34yA00
Fiiu Res MF 3.32k ohm 1% 16701 5843 (RNSSD) 341350
R11S Res Var 1k ohm 10% 0.5H 73138 72P 311318
Ri18 Res MF 3.01k ohm 1% 18701 5043 {(RNSE[D) 3413us
R117 Res MF 3.32k ohm 1¥% 18701 5043 (RNSS5D) 341350
R118 Res Yar ik ohm 10% 0.5K 73138 Jep 3113186
RrR119 Rea MF 3,81k ohm 1% 19701 S043 (RNS5D} 341346
F126 Res Comp 1.2k ohm 5% p112% EB 344308
Rizi ffea Comp 2.8k ohm ©X 01121 C8 343357
rRiza Res Comp 3.8k ohm &Y 01121 CB Y335y
Ri23 Res Comp 2.8k ohm 5% 01121 €8 343357
Riz4 Res Comp E.1k ohm 5% 01121 cg 343368
R125 Reg Comp 5.1% ohm 5% 01131 CB 343368
R126 Res Comp 5.1k ohm 5% 01121 CB 343368
R1E7 Res Domp 5.1k ohm S% Gl1z21 CB 343368
R1z8 Rez Comp 5.1k ohm 5% G1121 ©B Ayz3agn
Rlz9 Res Comp 5.1k ohm %% 1121 OB 343368
R13c Res Comp 5.1k ohm 5% 031181 CB 3u336e
R13as Res Comp 5.1k ahm 5% opri21 TR 343368
R132 Res MF 14,0k ohm 1% 197001 5043 (RNHSD) 34iyoc
R133 Res Var 20k ohm 16% 1MW 91637 Model 784 3112686
R134 Res Comp Y.7M ohm 5% Diizl EB 3UYEES
R13% Res Comp 18M ohm 5% 013121 CB 343700
R137 Res Comp 10k ohm 5% DLiR1 EB 3yuYon
Ri38 Res MF B3.4k ohm 1¥ 18701 5043 (RN55D} 3uIN7Y
R13¢ Reg MF 10.0k ohm 1% 14781 5043 (RNSSD} 341400
RidQ Res MF 3.B5k ohm 1% 19701 5043 (RNSSD} 341354
R1yl Res MF 28.1k ochm 1% 19701 5043 {(RNS5D) 341449
Riu42 Reg Var 5k ohm 10% 1K 91637 Model 7Bu 311268
R1E3 Res Comp 1.3k ohm 5% 01121 EB 344311
Rid4 Res Yar 200 ohm 10% 1MW 91837 Model 784 311268
R145 Res MF 54,8k ohm 1% 18701 S643 (RNGSD) 341y71
R1486 Res Var 5k ohm 10% 1MW 91837 Model 784 311268
R147 Res MF 1,21k ohm 1% 197861 5043 (RNSSD) 341308
R1YB Res Comp 4.7k phm 5% 0121 EB AUy 3IBS
Rivyg Res Comp 1.8k ohm 5% 01121 CB 3u3sas
R150 Res Comp 1.8k ohm 5% 01121 CB 343325
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Ttem Oescription Mfr, Mfr's Part No. BEC Part No.
MASTER P.C. BOARD ASSEMBLY, PART NUMBER 072040 (CONTINUED!
R151 Fes Comp 1.3k ohm 5% 01121 £8 344311
XA181 Socket I 8 Pin 08776 ICN-083-83-6 L73043
XITI0M Secket IL 14 Pin (6776 ICN-1H3-83-G 473019
XICiG5 Socket IL 14 Pin GB778 ICN-143-53-6G 473018
XID106 Secket ID 8 Pin 06776 ICN-D83-83-G 473041
XIC107 Sochket I0 8 Pin 06776 ICN-083-53-6 473041
XICY08 Socket IC B Pin 6776 ICN-083-53-6 uz3agyl
XIC1i1i0 Bpcket IC 14 Pin 06776 ICN-143-53-06 4736149
OSCILLATOR-AMPLIFIER BOARD ASSEMBLY, NUMBER 072041
ARG IC LMRGIAN Gp Amp 27014 LM3G1AN 5350482
[A031 51 Cap Cap 0.01 pF 100V 32897 BGS-000XSY01G3Z 224118
Caone Cap VYar Cer 5.1-50 pF {Green) 56288 SKR50000 281088
caoy Cap Csr 0.001 pF 500V 33883 254U 22411y
c205 Cap Mylar 0.1 pF 10% 100V 189701 C2BOMAH/ALOCOK (only} 234089
c206 Cap Cer 8.001 pF SGOV 338838 25U 22411y
L2007 Cap Mylar 0.1 pF 10¥ 1006V 19708 CREO0MAHAALO0K {enly) 23405848
£208 Cap Mica 250 pF 5% 500V 20307 DBMiIS251J 200036
C210 Cap Mica 30 pF 5% 500V 20307 BM-10-300-J 200073
ca11 Cap Mylar 0.1 uF 10% 100V 18701 C2BOMAM/AIO0K fonly) 234080
S Cap Mviar 0.1 uF 10% 180V 18701 C2B0MAH/ALOOK (only) 234080
C213 Cap Mica 100 oF 9% &OOV 20307 DMISF1I01~J 2000061
Caiu Cap Mica 1E00 pF 1X S00V id855% CD18FD1S2F-03 200531
[SERR Caep Mylar 0.1 nF 10% 100V 18701 C2BOMAHAALDODK fonly) 234480
£215 Cap Cer 0.4001 uF 500V 33883 75y 224114
217 Cap PE 0,22 pfF 10% 100V 19701 719B1C224PH1I018A 234168
Caan Cap Cer 0.00% pF S00V 33ae3 Isu 224114
Cap Mylar 0.1 wF 10% 180V 18701 C2BOMAH/ALOOK f{only) 234980
Cap Mylar 0.1 uF 10% 1840V 19701 C2BOMAH/ALOOK (only) 234080
! Cap Mylar 0.1 pF 10¥% 104V 16701 C280MAHZALD0K (only) 234080
{=au Cap PE 9,42 pF 10% 100V 19701 718RIGEUZUYPKINISE 23y1ree
Laod Cep Mylar 0.1 uF 18% 100V 19701 C280MAH/AL00K fonly) 234080
Caas Cag PE 0,22 pF 0% 100V 18701 FIGBICR2MPKIGISA 234168
[Mpehey Cap Mvlar 0.1 pF 10¥ 1040V 18701 CRERBOMAHAALGOK tonlv) 234080
Cae? ap PE 0.22 gF 10% 1g0V 19701 7iG0BIC22U4PHICGISA 231168
228 Lap Var Cer 5.1-50 pF (Hreend 56288 GKRLO00D 2810086
r229 Cap Mvlar (.1 wF 10% 100V 18701 C2B0MAH/ALI00K l(only) 2340840
230 Cap Mica B200 pF 13 100V 14655 COI8FA822F-03 200532
Ca31 Cap Mica 8200 pF 1% 100V IUESS5 CO19FAB22F-03 204532
£Ran Cap Mica 39 pF &Y S00V 20307 DM15E39043 2080025
C2ad Cap Yar Car 5.1-50 oF {Graenl EE2EY BKRS50000 281006
L3y Cap PE 0.032 wF 20% 25pv 19701 C2BQAE/P2RK 234079
C238 Cap PE 0,022 pF 20% 250V 18701 CRBOAE/PR2K 234079
L2386 Cap Cer 0.00% uF 500V 33883 Zsu 224114
237 Cap PE 0.022 uF 20X 250V 19703 C2BOAE/F22K 234079
CEas Cap PE §.022 uF 20% 250V 18701 C2BOAE/P22K 234079
casg Cap Cer 0.01 pF 108V 32887 BOS-000X5VD1I037 224118
CR2G1 Diode Sig 1NM81Y 01295 1NS14 530058
CR202 Oiode INSRUOR 04713 INSZH(OB 530077
CR203 Diocde Sig 1NG14 01285 IN91Y 530058
CRzO4 Dilods Sig INO1Y 041285 iN8in 530058
CR20S Diode 5/F 530058 (u4) guso: BEC 530131
CR20E6 Dipde 5/F 530058 (4 0480: BEC 53013%
CR2G7 Diode S/F S300%B8 (43 Gug9p1 BEC 530131
CR208 Diode 5/F 530058 tH) o4901 BEC 530131
CR2DY Dicde Sig 1MOIY 01295 1NZ1Y 530058
CR210 Diode Sig 1NOLH 01295 INS1Y 539058
CR211 Diode Sig ING14 01295 1NBI1Y 530058
CR212 [iode 5ig INS1Y §1295 1N81Y 530058
L2061 Inductor Variable Assy for 72€ 872043
L2oe Inductor 2.2 mH 08213 WEE-2200 400141
L203 Inductor 2.2 mH 002313 WEE-2200 yae1yl
G201 Xistor FET 2N58YY N-Channsgl QU713 2NS59uY 528018
fizap Xistor FET 2NBSHY9 N-Channel 04713 2NB248 528019
Q203 Xistor S/F 528143 auanl BEC 528145
az0y Xistor NPN 2N5088 O4713 2NB088 528017
G205 Xistor UBB73 §/F 528054 Blue 04991 BEC 526119
G208 Xistor NPN 2M2218 DU713 2M2219 528014
G207 Xistor 408673 S/F 528054 Blue pu3801 BREC 528118
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Itam Description Mfr, Mfr'a Part No, BEC Part No.
OSCILLATOR~AMPLIFTER BOARD ASSEMBLY, PART NUMBER 072041 (CONTINUED)

BR08 Xistor PNP 2N3205 04714 2M3805 528025
@208 Xister MOS 3KMIGE 01295 3N1861 528132
R201 Res #MF 6.19%k ohm 1% 189701 S0%3 ¢RNGS5D) 341376
R202 Res Var 2k ohm 10% 1K g1637 784 311264
R203 Res MF 3,32k ohm 1% 18701 5083 (RNSSD) 341350
RZOY Res #MF 4,32k ohm 1% 19701 5043 (RNSSB) 341361
R205% - Res MF 33.2k ohm 1% 19701 5043 (RNS5D) 341450
R206 Res Comp 100k ohm 5% 61121 EB Y500
R2O7 Res MF 100k shm 1% 19701 5043 (RNGS5D] 3418060
R208 Fes Comp 1.2k ohm 5% gil121 EB 344308
R20Y Res Comp 6.8k ohm 52 Gii21l EB 344380
R210 Res Comp 560k ohm 5% 61121 EB 34yY572
R211 Res Comp 33 ohm 5% gl121 EB 34u1s50
R212 Reg Comp lk ohm 5% G1121 £B JUYH 300
R213 Rag MF 10 ohm 1% 08701 SHM3 ERNSSD) 341100
Retu Res Comp 150k obm 5% B1121 EB 3Yyy5:7
RZ15 Res Comp 100k ohm 5% 01121 EB 344500
K216 Ras Comp 2.7k obm 5% gilz1 tB 3uY3yY1
RALT Res Lomp 1k ahm BE 1121 EB 394300
F218 Res MF 580 ohm 1¥ 19701 5043 (RNSSD} 341274
K218 Rez Comp 2.4k ohm 5% piri2% EB 344337
Raa0 Res Comp 2.2k ohm 5% G1121 E8 344333
Rzl Res Comp 120k ohm S% glizl EB 3yyses
Ra22 Raz Comp M7k ohm BE 01121 EB 3444yBs
RABS Rag Comp 2.2M ohm BX B1121 EA 34ys33
Razy Res Comp 510 ohm 5% 01121 EB yu268
R2Z6 Ras Comp 270 ohm 5% 61121 EB agyaul
Raz Res Comp 47 obhm 5% 51123 EB 344165
R228 Res Comp 56 ohm 5% 01121 EB Iyyiza
R2ZQ Res Comp H7% ohm BX gilg21 EB 344455
R230 Res Comp 24k ohm BE 01121 EB 34U 37
R231 Res Comp 1.5k ohm 5% 01121 EB 344317
Ra32 Res Comp 100 ohm 5% 01121 EB 3442900
RZAS Rea Comp 1.2k ohm B¥ 01121 EB 3438308
R23y Res MF 2.67k ohm 1% 19701 5043 (RNESD) 341341
R235 REs MF 4%.% ohm 1% 06701 5043 {RNGSDH) 341187
Ra3s Reg Comp 2k ohm BX £1121 EB juy3ze
Ra3z Rea Comp 2.7k ohm H¥ 01121 EB 344341
R238 Res MF 5,23k ohm 1% 18701 5043 {RNGCD) 325348
R234 Reg MF 5,23k ohm 1X 18701 5043 (RNGRD)D 325386
Rzub Rea Comp i0HM ohm 5% 01121 EB 344700
Ray1l Rea MF 5.23k ohm 1% 19701 5043 (RN8CD) 325388
gz Rag Yar 100 ohm 10% iy 42987 2005p-1-101 311338
CRIHA Res MF 5.23k ohm 1% 19701 5043 (RNBOD) 325388
R4y Raz Comp 10k ohm 5% p1121 8 343409
FEEE Rag Comp B7k ohm 5% o112t EB 34LLES
RIUB Res Comp 100 ohm 5% 01121 ¢8 343208
Ray? Rog Comp 2.4k chm BX 01121 EB 344337
RTR201 Thermistor 50 ohm 10¥% GoaNY CBisLl 325011
T201 Phase Sens Det XFMR Assy for 720 n720u45
T202 Amplifier Qutput XFMR Assy for 72C 0720u4
¥A4201 Socket IC 8 Pin GB776 ICN-083-53-6 #73041
XO020% Ssacket Xistor 4 Fin 17117 7004-285-5 373051
Q207 Socket Xistor 4 Pin 17117 7004-285-5 173051
¥aBl Crystal 100k Hz Parallel Re=zenant 71480 HC-13/U w/holder 547018
OSCILLATOR TRANSFORMER ASSEMBLY, PART NUMBER 072042

cual Cap MPC 0.01 pF 2% 50V 27735 MPC-53~-.01-50-2 234142
PURZe  Banana Flug with Stud 6,328 x 374 B3330 uig 477178
PUOZED  Banana Plug with Stud B6/32 x 3/4 83330 yie 477178
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SECTION VI
SCHEMATIC DIAGRAMS
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