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CHAPTER I

INTRODUCTION

1.1 General

The Model 72gD Capacitance Meter provides instant, direct-reading, three-terminal, and
differential capacitance measurements trom 0.001 o 2000 PF. This capacitance coverage ig die
vided into four ranges, selected by panel pushbuttons, remotely, or autoranged. These are
arranged in a 2, 20, 200, ang 2000 pF full-scale sequence, The digital display provides 4 digit
readout, décimal Point, -, overrange, and pr indications., The s0iid state design and the low-

level crystal-control led signal seurce contribute to the high stability and excellent reliability
of the instrument.

The measurement of semiconductors is facilitated by the 1% v orms level of the ] MHz test
signal, and by the Provision for applying up to 600 volts of de bias to the test specimen,

Bias voltage, of either polarity, may be applied to either or both sides of the specimen.

The Model 728D enploys an unusual range-switching system u8ing switching diodes and minige
ture reed relays; the elimination of the switch contacts from the measurement circuits assures
1 maximam of reliability ang stability., The phase~sensitive detection system permits the meag~

irement of even low-Q devices {down to @ = 1) without sensibly degrading the accuracy of the
wasurement,

Two plug-in test connection adapters are supplied with the Model 72BD, One of these, 72-43,
itted with twe sets of coaxial connectors, is intended for use with coaxial cables ana remotely
coated test fixtures for both three~terminal and differential measurements. The other adapter,
%fSC, with two test Posts and a ground terminal, is used for wire~lead type components; differen-

ial measurements are not possible with this adapter,

mector, disabling the front-panel range switches, Srounding any one of the four range-line

minals will then select that range, or auto snable wiil select autorange,

Connection to the edge connector should be made with an Amphenol Type 225~22221-101 plug,

equivalent. '
D
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Capacitance Range:

Full Scale Ranges:

Accuracy, Q ¥ 5;

Q=1 to

Resolution:

Display:

Data Outputs:

DC Cutput:

Test Signal:

External Bilas:

Cormmands :

T2BD

CHAPTER IT
SPECIFICATIONS

0.0061 to 2060 pF

2, 20, 200, 2000 pF

0.25% rdg + 0.2% fs*
2000 pF range: 0,4% rdg + 0.2% fs

0.5% rdg + 0.2% fg*
2000 pF range: 2% rdg + 0.2% fs

*2dd 0.005 pF on lowest range
0.001 pF (one digit on lowest range)

LED, 4 digits, blanked at approximately 7% over full scale. Decim-

al points, overrange indicater, negative polarity, and pF

1, 2, 4, 8 BCD data, serial by digits. Overrange, underrange,

encode complete, and peolarity

2 volts f£s adjustable + 2%; source resistance 1000 Q. Linearity

0.1% rdg + 0,005% fs. 2000 pF range: 0,25% rdg + 0,01% fs,

Response time: 2 ms for full accuracy. Noise: < 2 mV

Freq. = 1 MHz, crystal-controlled, 15 nV rms level
HI to GND 200 V max.

IO to GND 400 V max.

LO to HI 600 V max. (floating supply only)

Logic=level inputs select manual disable, input ranges, autorange,
encode hold, and encode trigger, TTL compatible., Iogic O : 0.7 Vi
togic 1 = 2.4 to.5.25 V.,
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Temperature Influence:

Autoranging:

Accessories Purnished:

Accessories Available:

Power Reguirements:

Dimensions:

Weight:

72BD
b=-479

Temperature Range Max. Influence
Reference 21°C to 25°C 3 o
Normal 1B®°C to 30°C 0.2% of rag
Extreme 10°C to 40°C G.5% of rdg

Automatically upranges at approximately 2150, downranges at ap-

proximately 200, Ranging time is 100 ms per range.
Two connection adapters:
&. 72-4B BNC for remote connections to TEST and DIFF terminals

b, 72-5C grip-posts for local connection of axial-lead components

92~3A rack mounting kit: Kit for mounting one 72BD as one half of

a module in a standard 19 inch rack.

92-1B double rack mounting kit: kit for mounting two 72BD's

side by side in a standard 19 inch rack

100, 120, 200, 240 ¥ ac + 10%, 50 to 400 Bz, 13 watts

5,2" high, 8.3"% wide, 12" deep (132 x 211 x 305 mm)

7 1bs. (3.15 kg)
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CHAPTER IIY

OPERATION

3.1 Installation

Pach instrument has been inspected and tested at the factory for full compliance with
all specifications before packing. Should any indication of shipping damage be apparent upon

pe sure to notify the carrier and the factory immediately. It is recommended that
instrument must be reshipped

unpacking,
the special packing materials be saved for use in the event that the

in the future.

3.1.1 Operating Controls and Indicators

ITEM FUNCTLION R

FULL SCALE pF These pushbutton switches select the fullw-scale ranée of the in-
strument (2, 20, 200, and 2000 pFl. The AUTO switch at the bottom

of the row activates the autoranging circuits and disengages the

range switches.

PWR Switch This rocker—type switch controls the primary ac power to the

instrument. The translucent plastic rocker also serves as the

pilot lamp.

ZERO Control This control operates a differential capacitor used to balance
out capacitance appearing across +he TEST terminals contributed by
the exposed termination of connecting cables, test fixtures, etc.

Control has a range of approximately plus and minus 5 pF.

Indicator LED type, 4 digits, decimal point, negative polarity, overrange,

and pF.
(The following items are on the rear panel.)

RIAS Terminals External dc bias may be applied to the HI and LO TEST terminals
via these posts., The maximum values are +200 volits from HI termi~
nal to ground, and 400 volts from the LO terminal to ground. It
is necessary that the terminal not being biased be connected to

ground, The sum of these two voltages {600 V) may be applied

T2BD
b-473
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BIAS Terminals between the HI and the L0 posts, but the bias supply should be

{Continued) floating (no connection to ground) for this application.

LINE VOLTAGE SWITCH This switches the power transformer primary for 100, 120, 220,

or 240 volts, in accordance with the available line voltage.

Fuse Holder Contains the power line fuse: 0,25 ampere for 100/120 volts,

and 0,125 ampere for 220/240 volts.

ANALOG Terminals A dc voltage proportiocnal to the capacitance reading is available
at these terminals, This voltage is 2.0 volts adjustable *2% of
full scale range on each range. BSource resistance is 1000 ohms,

linearity 0.1% rdg +0.005% fs,

P1l02 22-pin edge connector for remcte ranging and readout connections.
Also bias and analog connections are available on this connector.

(See Figure 9.)

/Q\ This safety requirement symbol has been adopted by the Inter-
national Electrotechnical Commission, Document 66 (Central Office)
3, Paragraph 5.3, which directs that an instrument be so labeled,
if, for the correct use of the instrument, it is necessary to
refer to the instruction mapual. In this case it is recommended
that reference be made to the instruction manual when connecting

the instrument to the proper power source.

3.2 Operation

3.2.1 See that the rear panel veltage selector switch is in the proper position for the line
voltage used, and that the correct fuse for this veltage is in the fuse holder. Plug
the power cord into a receptacle, turn the instrument on, and allow it to warm up for

a few minutes,

3.2.2 Plug the desired test connection adapter inte the front panel receptacle., Test adapter
is heid in place by a captive screw located in the center of the adapter, If it is
planned to test components remotely via coaxial cables or with a test fixture, all of

these items should be connected to the adapter jacks at this time.

3.2.3 Push the 2 pF range button switch and set the indicator reading to zero, using the ZERC

control.

72BD
b-479 5
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NOTE: The ZERD control uses a dual-ratio vernier to drive a variable air capacitor
with a full 360® rotation. The ZERD control turns easily for about 270°, at

which point the ratio shifts from 36:1 to 6:1 and torgque increases abruptly.

3.2.4 Wnen more than a few inches of coaxial cable is used to connect the instrument to a
remote test fixture, some attention must he given to the loading capacitance of the
cable, To maintain the specified accuracy, the values shown in the following table

should not be exceeded.

Maximum Cable lLoading Capacitance

A. HI Post to Ground:

RANGE MA¥, C INFLUENCE
2 pF 260 pF + 0.5%
20 pF 300 pF + (.25%
200 pF 500 pF T 0.25%
2000 pF 500 pF + 0.25%

B, LO Post to Ground:

500 pF max. on all ranges

3.2.5 The instrument is now ready for use. The zero setting should hold on all ranges once
it has been made on the 2 pF range. In the autorange position, the zerc adjustment

should be made with the instrument in the autorange mode.

3.2.6 The ZERO adijustment has sufficient range to compensate for approximately 5 pF of shunt
capacitance across the TEST terminals. If this range is insufficient, a small capaci-
tor {value determined experimentally) can be comnected across the DIFF terminals to

effect zero setting within the range of the ZERO control.

3.2.7 Remnote Measurement

The remote measurement of capacitance via coaxial cables introduces a measurement eryor
owing to the transmission line effect on the test veltage transmitted from the LO termi-~

nal, and on the received current at the HI terminal.

The combined effect is such that the ratic of measured capacitance to actual capacitance

ise

728D
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1 + juwCr

C /C = :
m _ ; 2 . wCr {cos 88) + (sin RR)r/%,
[cos BE - wCZ,(sin BR)II“IL + j cos BE - uCz, (sin BL) 1
where 8L = the electrical length of each line, in degrees

Z, = the characteristic impedance of the line in ohms (MOTZ: at 1 MHz, Z, for

RG-58/U is approximately 56.5 ohms ané relative velocity is 63,5%,)

i

and r the equivalent resistance of the Capacitance Meter from HI terminal to ground.

Range r
1 pF and 3 pr 140 ohms
1¢ pF and 30 pF 7 chms
100 pF and above 1 ohm

For the 72BD Capacitance Meter, the error is positive and its magnitude ig shown in Figure 1

as a function of the measured capacitance, Cm' and cable length, £.

The error is not shown for the lowest range for 12 foot lengths of cable, as the capaci-
tive lcoading of the HI test terminal is excessive for lengths of RG-58/U greater than about

6.5 feet.

When calculating B2, which is the electrical length in degrees of each of the two cables,
it is necessary to know the velocity of propagation of the cable at 1 MHz. Sampies of RG-58/0
which were tested indicate a relative velecity of 63.5%. The impedance of the same cable

measured 57.5% ohms at 1 MHEz.

Tt is imperative that the shields of both ends of the coaxial cable be tied together

with a low resistance, low inductance strap for the correction curves and equation to be valid.

3.2.7.1 For short lengths of cable, a reascnable correction may be made based upon the effect
of the series inductance of both lengths of cable, 'The measured capacitance, Cm’ of a specimen
will differ from the true capacitance, Ct' and the error will be seen as an apparent increase

in capacitance in accordance with the following expression:

Or, if the true capacitance is reguired:

72BD
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Cm : Cm

1+ wfLe, 1+ (xL/me)

Cy

Where L = the combined series inductance of BOTH lengths of connecting cables and the

inductance of the sample (generally small with respect to the cable's inductance).

As an approximation, the inductance of RG-58/U cable {with shields strapped at both
ends) is about 0.091 uH/ft.

3,2.8 Differential Measurements

Measurement of the capacitance differential between two specimen capacitors can be made
by connecting the lower wvalue sample to the DIFF terminals, and the higher wvalue to

+he TEST terminals. The display will indicate the capacitance difference between the
two; by switching down to the next lower range, but never more than twe ranges, the
resolution can be improved. While capacitance may be measured using the DIFF rather
than the TEST terminals (the display will then show the negative polarity sign), this

is not recommended,

FOTE: Differential measurements cannot be made with the instrument in the Autorange

mode.

Excess fixture capacitance across the TEST terminals beyond the normal range of the
ZERC control may be balanced cut by the addition of a capacitor to the DIFF terminals.

{8ee Paragraph 3.2.6.}

3.2.% DC Bias

DC bias voltage may be applied to either or both sides of the specimen via the rear

panel bias terminals, or the proper pins on the rear edge connector. The applied volt-
ages should not exceed #200 volts from the HI terminal to ground or #400 volts from the
LG terminal to ground., When bias is applied to one side only, the other bias terminal

must be connected to ground.

The sum of the two voltages (800 volts dc) may be applied between the HI and the LO
terminals. In this connecticn, the bias supply cannot be grounded. An internal voltage
divider of resistance values of 240 kG from HI to ground and 510 kQ from LO to ground

establishes the ground point, The bias lines are internally protected by 30 ma fuses,

72ED
igl : 8
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3.2.10 Extended DC Bias

if external bias voltages larxrger than allowed in Paragraph 3.2.9 are required, the circuit

of Figure 2 should be used,

Cpe=200 (CygsT),WITH VOLTAGE RATING>E NOTE: 1.1 MAY BE ORDERED FROM BOONTON ELECTRONICS
L{ANDC| TO RESONATE AT iMHz. Quli> 200K {{ |=i50pH; Q> 200} CORPORATION, PARYT NC. 400124,

RCS 0.002 SECONDS.

Cz X Lp= 25330 (p¥F AND uH)

KEEP CpHIGH AND Lp SMALL. Le., 0.0iuF AND 2.5uH.

Y e v
L2 Cz i "I
?fﬁ Y| !
L3
cy 7t 1 ]
CURRENT N I
LIMITING SR 71 I
RESISTOR X BIAS
!
!
o ]
T3 333mML Crest EIOmH ; cx MODEL SHORT
[~ 3
h i
¢ I
£ YLl | 4
P4 |
! { X
i— L L Lo
- e T T et e i T e el

Figure 2. Connections for Oxternal Bias

3.2.11 Pulse Bias

The internal bias circuits of the Boonton Capacitance Meters need adequate bypassing
for the 1 MHz test signal and are therefore unsuitable for the application of pulses to bias

the test specimen.

Pulse bias can be applied, however, through external circuitry. A simple arrangement
is shown in Figure 3. If the impedance of the pulse transformer secondary ig small, relative
to R,, the test specimen may ke considered to be in series with a resistance of RjRy/ (Ry + Ry}
ohms. This value need only be less than about 1/5 the reactance of the test capacitor, at

1 MHz, in order to be ignored by the phase detector in the capacitance meter.

The ratio of the two resistors, and their absoclute values, will depend upon the pulse
transformer and its load matching reguirements, as well as the nature and magnitude of the

pulse needed for bias.

TEBD
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O

il

Figure 3. External Circuitry

3.2.12 Rise-Time of DX Analog Cutput

The rise-time of the analog output of the Model 72BD can be reduced substantially by
either removing or changing the bypass circuitry in this section of the instrument. The cost

of this improvement is an increase of from 6 to 10 4B in the residual noise at the output

terminals.

The necessary specifications are as follows:

Specificed Rise-Time < 1 ms
Specified RMS Noise < 1 mv
Remove C131
Rise-Time < 175 us
RMS Noise < 3 mv

3.2.13 External Triggering

To trigger an encode cycle, the trigger line {pin V on P10Z, rear edge connector) must

be transferred from logic "1" to logic "O“.

2
idl 1l
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CHAPTER IV
APPLICATIONS

4.1 Transistor Parameters

The Model 72BD is capable of measuring the small-signal capacitance and forward gain
parameters of both bipolar and unipolar transistors at 1 MMz, Capacitance and transconductance
are measured with a test signal level of 15 millivelts; beta is measured with a base signal
current of approximately 100 nancamperes. Model 72BD~03 (100 mV test signal level option) is

not recommended for these measurements.

The principle of operation of the 72BD is fundamentally that of a transmission test
set; the test capacitance is interposed between a low-level signal generator of fixed known
amplitude and phase, and a calibrated phase-sensitive detector. It is evident that the forward
gain parameters of transistors may also be measured, provided that the phase of the oufput
current is proper, or suitably altered. The necessary external circuitry and components are

described in the following text. Parameters that can be measured include the following:

4.1.1 Capacitance {Three~Terminal) (See Figure 4.)

NOTE: Wnen measuring the capacitance of transistors, it is imperative to remember that
a signal applied te the input of the test device will appear amplified in some
form at the cutput {usunally with a phase reversal}. Capacitance measurements
must be made with the output of the device connected to the low test-terminal
{generator) and the input of the device connected to the high test-terminal

{detector) .

Crss Reverse transfer capacitance between drain and gate, Source guarded, Device
under test is fully biased, sz = G,
Ceb Emitter-to-base capacitance, Collector guarded. Emitter reverse biased.
VCE = 0 (o,c. for dc),.
Cce Collector-to~emitter capacitance. Base guarded. Collector reverse biasged.
VBE =  {p.c. for dc}.
Cre Collector-to-base capacitance. Emitter guarded. Device under test is fully
biased.
7ZBD
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ch Collector~to~base capacitance. BEmitter guarded. Collector reverse biased.

Ip = 0 (o.c. for de}.

4.1.2 Capacitance {Two~Terminal)

Coss Output capacitance between drain and source with gate ac connected to the source,
Device under test is fully biased. VGS = 0,

Ciss Input capacitance between gate and source with drain ac connected to the source.
Device under test is fully biased. VGS = {0,

COb Collector—to~base capacitance., FEmitter is open-circuited for both ac and dc.

Collector is reverse bhiased,
4.1.3 Beta (hfe)

A sensibly constant base current, ib’ of 94 nanoamperes can be generated with the aid of
a4 1.0 pF capacitor connected betwesn the low differential (LO DIFF) terminal of +he 72BD Capaci-
tance Meter and the base of the transistor under test. The collector current, which equals
Sib, is fed to the high test terminal (HI TEST) and the instrument responds as though a capaci-
tance of B times 1 pF were connected to its terminals. The value of indicated capacitance in

picofarads is egual to beta (h }. The measurement of beta should be made under full bias
¥

fe
conditions. In this arrangement, the base current is independent {very nearly} of the inpat
resistance of the transistor, owing to the guadrature relation between the reactance of the

current source and the input resistance.

The low differential terminal is used for the current source to offset the 180=-degree

rhase reversal of current in the transistor.

_ The variable series capacitor in the base circuit (see Pigure 5) must be adjusted for a
value of 1.0 pf. This is simply accomplished by connecting a small jumper {unity-~gain transisg-
tor) between the base and coliector socket terminals, which permits the direct measurement of
thig capacitance. If the LO DIFF terminal is used, the reading should be adjusted for -1.0 PF'
using the deo analeg output, or the LO TEST terminal may be temporarily used for a reading of

1.0 pF on the meter,

Should the transistor socket and its associated circuitry have excessive capacitance
from the base terminal to ground, it can be absorbed with a simple parallel-resonant circuit,

using a high L/C ratio for maximum impedance (Figure 5).

181 13 .
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4,1.4 Forward Transconductance {gfs}

The 72 Series Capacitance Meters are calibrated for an input current of +jeng, where
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 eggfs, pro-
vided that the external drain-circuit impedance is small. Unfortunately, the phase of the drain

current lacks the reguired +90 degrees.

A network is needed which presents a low impedance +o the drain, and which provides the
necessary phase shift of +00 degrees. The circuit shown in Figure 6 satisfies these conditions.
The resistoxr R is the calibrating resistor for the full-scale value of gfs' Its value is readily

derived, The instrument is calibrated for az high terminal~current of,

— o
lc eng/9O

The actual drain current is,

g~ eggfs

The voltage induced in the secondary of the transformer is,
e' = jide/90° (polarity arranged for +M)

To achieve a full-scale indication for & given value of 9 the resistor R must have the value

e gfgmM/90°
gors T

eng/90° = ngM/C

r = e'/i =
/ [

where
R »> mLS for the current to have the correct phase; M is the mutual inductance of the
transformer and eguals,
M=k Viplg

The coefficient of coupling, k may be easily measured by measuring the primary inductance

with the secondary open-circuited, then short-~circuited.

=1 - (L, /L 3
k 1 (LSC/LOC)

If the resistor R is sgelected for a full-scale reading of 2000 ps on the 200 pF range,

the instrument will read:

72BD .
181 _ 14
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C RANGE 9, FANGE

200 pF 2000 us
2000 pF 20,000 s

A typical toroidal transformer might have the following circuit values:

L = 250 uH

P

L5 = 5 yH

k = 0,935
from which,

M = 33 pH

The series primary capacitance for resonance must equal 100 pF (approximately) and for a

full-scale range of 2000 uS on the 200 pF range, the calibrating resistor should equal:

R = {2000} (33)/200 = 330 Q

T2
C rss
BIAS TEST 6 5
o B o i
L
o o Lo o
Vps
o o GND o
12
B1AS TE8T
o X! Hi o
kT
o o (0 o S ilnf
0 GRD o
NOTE: REVERSE BIAS ON BASE~EMITTER JUNCTION.
Figure 4, Transistor Capacitance Measurements
728D
181 15
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BiAS TEST Cee
G Hi o £
8
o o Lo o i
y K (6nF
CE
o o KD o
7 Cre
¢
BiAS TEST 8
G #l o
. &
*
o B Lo o | despnr | B
[+]
VCB
o o G0 o
” Ceb
£
BiAS TEST 3
o i o -
¢ *
o o L0 o T 80nf
VCB
o - GND o

*A better by-pass obtains with a 2.5 pH inductor in series with a 0.0l uF capacitor.

Figure 4. Transistor Capacitance Meagurements (Continued)
728D
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Figure 4. Transistor Capacitance Measurements (Continued)
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72BD
18l

1 te
BiAS
o Hi o
r
Ven oLl TEST o
—G e 1.0pF
!L Lo DIF " o »
o -0 GND o
fmii -Lzzpr * I
Figure 5, Transistor Beta Measurement

*A better by-pass obtains with a 2.5 uH inductor in series with a 0.0l uF capacitor.

Figure ©.
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