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Voltage Range:

Full Seale
Voltage Ranges:

dBm Range:

Frequeney Range:

Aeeuraey:

CHAPTER I

SPECI FICATIONS

500 ~V to 3V (300V up to 700 MHz with aeeessory
100:1 Voltage Divider) (see Table 1)

3,10,30,100,300,1000, and 3000 mV.

-50 to +23 dBm (-+63 dBm up to 700 MHz with optional aeeessory,
Model 91-7C 100: 1 Voltage Divider)

10kHz to 1.2 GHz (unealibrated response to approximately 8 GHz).

2% fs plus
1% rdg 1(J% rdg

2% rdg 1% rdg 3% rdg ?Ok rdg

300 mV to 3 V

500 tJV to 300 mV

10 kHz 50 kHz 150 MHz 700 MHz 1.2 GHz

Meter:

Me ter Unrest:

Power:

RFI:

Temperature:

92C
a-871

4-1/2-ineh taut-band
Two linear voltage seales

o to 3; 0.05 per division
o to 10; 0.1 per division

One logarithmie dBm seale
-10 to +3; 0.2 per division max .

Typically, less than 1% on the 3 mV range.

115 to 230 V ±1 0%, 50 to 400 Hz, 4 W.

There is no deteetable radiated or eonducted leakage from instrument
or probe ,

In aeeordanee with ANSI (ASA) Spee. 39.7

Temperature Temperature Influenee

Range Instrument RF Probe

Ref. 21 ° C to 25 ° C 0 0
Normal , 18° C to 30° C 0 ± 1% rdg
Severe, 10° C to 40° C ± 1% rdg ±4% rdg



Waveform
Response:

Crest Factor:

Input Impedance:

VSWR:

Power Sensitivity:

Dimensions:

Weight:

Accessories
Furnished:

Warm-Up:

Accessory Kit
(Optionol )
Model 91-24A:
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SPECIFICATIONS (Cont'd)

True rms response for input levels up to 30 mV (3V to 700 MHz with
100:1 Voltage Divider), with transition to peak-to-peak (calibrated
in rrns) at higher levels.

84 to 1.4 depending upon input level (see Table 11).

See Figures 1 and 2.

Less than 1.15 to 1.2 GHz (Return Loss greater than 23 dB). See
Figures 3 and 4.

5 nW, minimum detectable power in 50 ohms.

5.2" H (without rubber feet), 8.3" W (1/2 of standard 19 inch rack
module) 11 .5" D (132 x 211 x 292 mm).

Net 7.5 Ibs. (3.4 kg) (with standard accessories)
Shipping - la Ibs. (4.6 kg)

Model 91-12F, RF Probe. RF Probe with low-noise cable and con­
nector assembly for measurements from 10kHz to 1 .2 GHz; see Fig­
ures 1 and 2 for input resistance and capacitance.

Model 91-13B, Probe Tip. Removable Probe Tip with grounding cl ip
lead; for use up to approximately 100 MHz.

Model 91-8B, 5()Q BNC Adapter. Use for measurements up to 600
M Hz in a 50-ohm system, for VS'NR see curve of Figure 3.

Warm-up period, 1 min. Adjust zero on 3 mV range when measuring
below 30 mV.

Model 91-6C, Unterminated BNC Adapter. Used for coaxial con­
nec tion up to approxi mate Iy 100 MHz, or to 400 MHz when fed from
a 50-ohm source in an electrically short system.

Model 91-7C, 100:1 Voltage Divider. Attenuates input signal bya
factor of 100 (± 1%), permi tti ng measurements up to 300 vol ts and
extending the rms measuring range to 3 volts; increases input resist­
ance by a factor of 1000; operates from 50 kHz to 700 MHz. Maxi­
mum input potential, 1000 vol ts, de plus peak cc ,

Model 91-14A, 500 Tee Adapter. TypeN Tee Connector;with Mod­
el 91-15A termination (see bel ow) permits connecting into 50-ohm
line; required for measurements above approximately 100 MHz: for
VSWR see curve of Figure 4.

Model 91-15A, 500 Termination. Type N 50-ohm termination for
use with Model 91-14A Tee Connector.
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Other
Accessories
(Optional)
Available:

SPECIFICATIONS (Cont'd)

Model 91-4C, Special 1 kHz to 250 MHz RF Probe , Low-frequency
probe for measurements ranging from 1 kHz to 250 MHz; input resist­
ance essentially the same as that of Model 91-12F, RF Probe ,

Model 91-16A, Unterminated Type N Adapter. May be used with
all probes, except Model 91-23A. Used for coaxial connection up
to approximately 100 MHz, or to 400 MHz when fed from aSO-ohm
souree in an el ec tri ca I1 y short system.

Model 92-1 A, Rack Mounting Kit. Kit for mounting Model 92C as
one-half of a module in a standard 19 inch rock ,

IMPORTANT NOTE:

To exploit fully the capabilities of this instrument,
the accessories listed below are required for the in­
di cated ranges of operation.

Table 1. Required accessories

MEASURING RANGE REQUIRED ACCESSORY REMARKS

100 MHz to 600 MHz Model 91 -8B 500 Adapter for Suppl ied as standard
shielded connection to 50-ohm equipment with the
line; other impedances avail- Model 92C.
able on request.

Above 600 MHz Model 91-14A Tee Connector Avai lable separately.
and 91-15A 50 Q Termination
for connection into 50-ohm
line.

1 kHz to 250 kHz Model 91 -4C RF Probe , Available separately.

Input levels up to 300V; Model 91-7C 100: 1 Voltage Avai lable separately.
rms response with levels Divider; operates over frequency
to 3V. ren ge from 50 kHz to 700 MHz.

For details on the availability of these and other Boonton Electronics Accessories for RF
Voltmeters, caiion your local Boonton Electronics Sales Engineering Representative, or
write directly to the factory at the address on the title page of th is instruction book ,
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nC-03

nC-04

92C-05

92C-06

92C-07

92C-08

92C-12
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SPECIFICATIONS (Cont'd)

Table 2. Crest Factor

VOLTAGE RANGES (mV) AND CREST FACTORS

VOLTAGE
RANGE (mV) 3 10 30 300* 1000* 3000*

CREST 84 21 8.4 84 21 8.4
FACTOR** to to to to to to

14 4.2 lA 14 4.2 1.4

* With aeeessory 100:1 Voltage Divider (see Table 1).
**Maximum permissible ratio of peak to rms value of voltage.

STANDARD EQUIPMENT OPTIONS

dBV option: dB seale is referred to 1 V.

dBV option: dB seale, referred to 1 V, is upperrnost ,

75 Q dBm option: dBm scole is referred to 75 0:
75 Q 91-8B/l BNC adapter supplied.

75 Q dBm option: dBm seale, referred to 75 Q, is uppermosr;
75 Q 91-8B/l BNC adapter supplied.

50 Q dBm option: dBm sccle , referred to 50 0, is uppermosr ,

Rear signa I input option.

dBmV option: dBmV sccle is uppermost.
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CHAPTER 11

GENERAL DESCRIPTION

2.1 GENERAL. The Model 92C RF Millivoltmeter is asolid state,sensitive, rf milli­
vol tmeter used for measurements from the low radio frequenci es to thegigahertz region,
and over a voltage range from 500 microvolts to 3 volts.

The Model 92C provides true rms response for input signals up to 30 millivolts,
graduallyapproaching peak-to-peak response calibrated on the meter scale in rms above
this level. It is characterized by high input impedance (see Figures 1 and 2), excellent
stability, and low noise ,

The Model 92C is particularly suitable for production and laboratory applications.
It offers a convenient end accurate means for making a wide varietyof measurements.
Among the typical uses of the Model 92C are the following:

In transistor testing the instrument may be used to measure B, ft, and other transis­
tor parameters.

VSWR and return loss measurement using the Model 92C with bridge methods, di­
rectional coupiers, and adjustable or slotted lines.

Gain and loss measurements in wide-band amplifiers, including such design char­
acteristics as stage gain, flatness of the pass band, upper cut-oH or corner fre­
quency, negative feedback factors, and other parameters.

Proper adjustment of tuned circuits in narrow-band amplifiers.

The adjustment, measurement of performance, and evaluation of parameters of rf
fi Iters.

Measurement of vswr or return loss and attenuation of rf attenuators.

Measurement of output levels of signal generators, adjustment of baluns, harmonie
distortion of rf signais, and adjustment of circuits for minimum voltage (nuII) or
maximum voltage (peak).

The Mode I 92C has a basi c accuracy of 1% rdg. + 20/0 Fs • The standard features of
the instrument are as follows:

Measures 500 IJV to 3V* from 10kHz to 1 .2 GHz.
True rms response to 30 mV**
Convenient push-button ranging and half-rack packaging.
High input resistance, low input capacitance.
Overload protection to 400 Vdc, 10 Vac.
VSWR less than 1.15 up to 1.2 GHz.
* To 300 V, up to 700 MHz with accessory 100:1 divider.
** To 3V, up to 700 MHz with accessory 100:1 divider.

92C
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The characteristics of the instrument include: solidstate chopper, high reliability,
fast warm-up, lengthy intervals between calibrations, light weight, and all other advan­
tages of solid state design.

2.2 EQUIPMENT DESCRIPTION. The instrument is sensitive, accurate, sturdily con­
structed, and protected agcinst overloads. It will perform over extended periods of time
without failure or need for recal ibration. It is packaged as a compact (half-rack) bench
instrument that can be easi Iy mounted in a standard 19-inch rock using an inexpensive
hardware kit.

Important input and accuracy specifications are stipulated on a reference plate
fastened to the exterior top cover of the instrument. Clips for holding out-of-use acces­
sories are provided at the rear of the instrument. Calibration instructions are reproduced
on the underside of the top cover of the instrument.

The standard accessories fumished with the Model 92C include the following: A
Model 19-12F RF Probe with a low-noise cable and connector assembly; a Model 91-8B
50-ohm BNC Adapter, and a Model 91-13B Probe Tip (removable) with o grounding clip
lead.

A complete kit of probe accessories is available as optional equipment, including
a storage casewith spacefor theModel91-12F RF Probeand the other standardaccessories.

2.2.1 Wide Frequency Range. The calibrated range of the Model 92C extends from 10

kHz to 1.2 GHz, with uncalibrated response to beyond 8 GHz. Relative accuracyabove
1 •2 GHz is typ ica I1 y ±O. 5 dB.

A Model 91-8B SO-ohm BNC Adapter is supplied as a standard accessory with the
instrument for 50-ohm voltage measurements up to 600 "IHz. A correction curve (Figure
8A) is included for frequencies above 50 MHz. For higher-frequency measurements and
for throuqh-Ilne voltage measurements the optional accessory,Model 91-14ATeeAdapter,
is recommended. It is designed to compensate for the rf probe capacitance and to present
a good vswr (better than 1.15) up to 1.2 GHz. It may be used in conjunction with the
Model 91-15A 50-ohm load for terminated voltage measurements. In a coaxial line its
insertion loss is low; however, achart (Figure 8B) is supplied showing loss vs. frequency.

An optiona I accessory, the Mode I 91 -4C RF Probe, has a freq uency range of 1 kHz
to 250 MHz for lower-frequency applications.

2.2.2 Wide Voltage Range. The Model 92C has seven ranges, from 3 millivolts full
scale to 3 volts full scale, arranged in a 3-10-30 sequence. No attenuator attachments
are required for measurements up to 3 volts. While this range is ample for most rf voltage
measurements, the capability of the instrument can be increased to 300 volts (up to 700
MHz) by using the optional accessory, Model 91-7C 100: 1 Voltage Divider. Use of the
Divider also increases the input resistance of the Model 91-4C RF Probe by a factor of
greater than 100.

92C
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2.2.3 True RMS Response. The Model 92C provides true rms response for signal inputs

below approximately 30 millivolts (below 3 volts, up to 700 MHz, with the Model 91-7C
100:1 Voltage Divider). As the input level increases, the waveform response gradually
approaches peak-to-peak, calibrated on the meter scale in rrns , Thus, in addition to mak­
ing precise sinusoidal voltage measurements at all levels, the instrument measures non­
sinusoidal or asymmetrical signals within the rms region without loss of accuracy.

2.2.4 Low Noise , The Model 92C has been designed and constructed to hold noise

from all sourees to a minimum.

The probe cable is of special low-noise design; a vigorous flexing causes only mo­
mentary, minor deflections on the most sensitive range. The Model 91-12F Probe is not
sensitive to shock or vibration; even topping on the probe barrel causes no visible deflec­
tion on any range.

Amplification takes place at 94 Hz, reducing susceptibility to any 50 or 60 Hz line­
frequency fields.

2.2.5 Minimal ZeroAdjustment. Zero adjustment is not requiredon the upperfive sen­

sitivity ranges of the Model 92C. For measurements on the lower two ranges, the ZERO
control is set on the most sensitive range before operation. This control balances out small
thermal voltages in the probe elements and, once adjusted, requires only infrequentcheck­
ing during the course of subsequent measurements.

92C
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CHAPTER 111

OPERATING PROCEDURE

3.1 INSTALLATION PROCEDURE. The Model 92C has been inspected and tested at
the factory before packing, and is shipped ready for operation. If there is any indication
of shipping damage, immediately notify the carrier before attempting to put the instrument
into operation.

3.1.1 Operating Controls and Indicators. The contrals and indicators instalied on the

Model 92C are shown in Table 3.

Table 3. Model 92C Contrals and Indicators

COMPONENT

(Symbol on Rear Panel)

Fuse Holder and Fuse
(Rear Panel)

Slide Switch
(Rear Panel)

92C
0-871

FUNCTION

This safety requirement symbol has been adop­
ted by the International Electrotechnical Com­
mission, Document 66 (Central Office) 3, para­
graph 5.3 which directs that on instrument be
so labeled, if, for the correct use of the instru­
ment, it is necessary to refer to the instruction
manual. In th is case it is recommended that
reference be made to the instruction manual
when connecting the instrument to the proper
power source ,

Verify that the right fuse is installed for the
poweravailable and that the switch on the rear
panel o. 03A and O.06A, 50-400 Hz, is set to
the applicable operatmg voltage ofl15Vor
230 V. Within a brief time, the use of this
symbol will be acted upon by ANSI (ASA).

A fuse hol der is located on the rear panel for
installing either a 1/16 ampere, 117 V, or a
1/32 ampere, 220 V, Bussman MDL SLO-BLO
fuse.

Switch which is set to 115 V or 230 V, accord­
ing tothe avoiIabie power source. Be surethat
the proper fuse is located in the fuse holder •

10



Toble 3. Model 92C Controls and Indicators (Cont'd)

COMPONENT

PWR ON

RANGE, FULL SCALE
(mV and dBm)
(Push-buttons)

PROBE
(Jack)

ZERO
(Control)

Component Holders (Clips)
(Rear Pane I)

METER

FUNCTION

This switch turns on the instrument.

These range push buttons, (3, 10, 30, 100,
300, 1000 and 3000 mV) and (-40, -30, -20,
-10, 0, +10 and +20 dBm) select the voltage
range.

The probe coble connects to the instrument
through this PROBE jack. Always check that
the knurled ferrule nut of the probe cable con­
nection is tightened when in use ,

This control is used to zero the instrument.

Three component holders or component clips
are located on the reor panel for securing ac­
cessories which are not in use ,

A 4 1/2-i nch taut-band meter wi th two Ii near
voltage scales reading out 0 to 3 with 0.05 per
division; 0 to 10 with 0.1 per division; and one
logarithmic dBm scale reading out -10 to +3
with 0.2 per division maximum.

3.2 OPERATING PROCEDURES. The following paragraphs describe the initial oper­
ating procedure for the Model 92C, the various operating notes, and the recommended
connection procedures.

3.2.1 Initial Operating Procedure. The Model 92C is put into service by the follow­

ing procedure:

a. Check the panel meter zero position and, if necessary, adjust the
mechanical zero control to align the pointer with thezero reference.

NOTE :

Check to see that the serial number of the probe to be used matches
that of the particular model of the Model 92C. Each instrument is
calibrated for its particular rf probe , Use of a probe other than that
for which the instrument was calibrated may result in errors in mees­
urement.

92C
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b , Connect the probe cabl e to the PROBE jack on the front panel.

c , Next, verify that the proper power souree is available. The instru­
ment should be plugged only into a power source having the voltage
and frequency indicated on the instrument rear panel.

d , With the power cord plugged into the proper ac power source, turn
the instrument on. The Model 92C is operational within 30 seconds.

3.3 OPERATING NOTES. Whilemeasuring with theModel92C isa directand straight­
forward process, there are certain precautions and procedures which MUST be observed to
obtain satisfactory results.

3.3.1 Overload Limits. The Model 91-12F RF Probe supplied with the Model 92C is
overload-protected to la volts, ac, and to 400 volts, de, EXCEEDI NG THESE LIMlTS
MAY RESULT IN PERMANENT DAMAGE TO THE PROBE.

The Model 91-8B 50-ohm Adapter should not be subjected to continuous overload
of more than la volts (de + rms cc) to avoid excessive heating of the terminating resistor.

When voltages above these Iimits are likely to be encountered, the Model 91-7C
100: 1 Voltage Divider is required. Maximum rating of the Voltage Divider is 1000 vol ts,
dc + peak ac.

3.3.2 Connection for Measurements Below 100 MHz. The RF Probe supplied with the
Model 92C is equipped with a detachable tip and ground lead. For measurements of sig­
nals below approximately 100 MHz, this tip provides a convenient means for both signal
and ground connection.

3.3.3 Connection for Measurement above 100 MHz. For frequencies above 100 MHz,
the probe tip should NOT be used with the Model 92C. Connection should be made di­
rectly to the center contact of the probe with the ground connection kept as short as pos­
sible (see Figure 5).

The connection recommendations outlined in Table 4 below should be followed
to maintain specified accuracy.

Table 4. Connection Recommendations

FREQUENCY SIGNAL CONNECTION

Up to 100 MHz Probe Tip and grounding lead (supplied)

100 MHz to 250 MHz Probe without tip (see Figure 5) (supplied)

250 MHz to 600 MHz Probe with Model 91-8B 500 BNC Adapter
(supplied)

Beyond 600 MHz Probe with Model 91-14A Type N Tee
Adapter and Model 91-15A Type N 50 0
Termination (see Figure 6) (optional ac-
cessories)

92C
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Figure 5. Method for making low-inductance connections to test signaI point directly using
the RF Probe. (Use for in-circuit measurements when lowest capacitance loading is required
or when ground lead inductance of probe tip cannot be tolerated).
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Figure 6. , Assembly of Mode191-14A Type N Tee Adapter
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3.3.4 Low-Level Measurement. The Model 92C hos a sensitivity of 300 microvolts,
and wi ll provide reliable, reproducible measurements of signal levels as low as SOO micro­
vol ts ,

When using the most sensitive range, a prei iminary zero adjustment is required­
On the 10 mV range, particularly for measurements above mid-scale, proper zero adjust­
ment is less critical, although still recommended.

3.3.S Making the Zero Adjustment. When the instrument is to be used on the 3 mV
range, the following zero procedure applies:

a. Set the RANGE FULL SCALE selector to the 3 mV position.

b , See that no vol tage is appl ied to the probe, and that the probe is
adequately shielded from local fields (for test procedure, see para­
graph 3.3.8).

c , Adjust the ZERO control to br ing the reading toward a zero refer­
ence condition. Noise will cause the reading tofluctuate up to±z:'/o
of full sccle , Adjust the ZERO control so that the reading averages
zero.

3.3.6 SignalOverioad on 3 mV Range. On the most sensitive (3 mV) range, applica­
tion of a large ac signaloverloads the amplifier and a short time is required for the high­
impedance input circuit to discharge. This effect is significant for signals above approxi­
mately 100 millivolts. Typically, application of a 1 volt signal will require a recovery
time of about fifteen seconds before subsequent measurements may be made. It should be
noted, however, that such overloads cause no damage to the equipment as long as theyare
within the limits outlined in paragraph 3.3.1.

3.3.7 Temperoture Effects. The accuracy specifications for the Model92C apply over
temperatures from SO°F to 104°F. Outside of these limits, operation of the equipment is
possible but appreciabie inaccuracies con be expected. However, no permanent change
in probe characteristics will result from any reasonable high or low temperoture exposure.

It should be noted that inaccuracies of measurement resulting from temperoture
effects may occur shortly after soldering to the probe tip, or measuring with the probe in
close proximity to sourees of intense heat, such as vacuum tubes.

When making low-Ievel measurements (below approximately 2 millivolts) it is
important to make sure that the probe hos attained a uniform temperoture throughout its
body. A temperoture gradient between the inside and outside of the probe con generate
a small thermal voltage that may add to the de output of the detector diodes. This con be
compensated for by turning off the signal source and re-adjusting the ZERO control ,

92C
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3.3.8 Hum, Noise and Spurious Piek-up. When measuring low-Ievel signals preecu­
tions should be taken to avoid the possibility of measurement errors from hum, noise, or
stray rf piek-up. Although hum and low-frequeney noise are attenuated at the input,
it is still possible for unwanted high-level signals to couse errors. In some cases it may
be necessary to provide extra shielding around the probe connections to reduce stray pick­
up. Typical sourees of spurious radiation are: induction or dielectric heating units, dia­
thermy machines, loeal radio transmitters and grid dip meters.

3.4 LOW-FREQUENCY MEASUREMENTS. The Model 91-12F RF Probe supplied with
the Model 92C provides measurements within the specified aeeuracy from 10kHz to 1.2
GHz. For measurements at lower frequeneies the Model 91-4C RF Probe is available. ft
operates over a frequency range from 1 kHz to 250 MHz. Important Note: Af ter instal­
ling the Model 91-4C RF Probe, the Model 92C must be checked for aecuracy of calibra­
tion, and recalibrated if required (see paragraphs 5.3 and 5.4) .

3.5 CORRECTION CURVES FOR ACTUAL VOLTAGE vs. METER READINGS. Use the
correction curves of Figure 7 to correct meter readings on the Model 92C and Model 92C
Option Instruments.

3.6 CORRECTION CURVE FOR MODEL 91-8B. Use the correction curve of Figure 8A
to make corrections when using the Model 91-8B, 500 BNC Adapter with the Model 92C
and Model 92C Option Instruments.

3.7 CORRECTfON CURVE FOR MODEL 91-14A. Use the correction curve of Figure
8B when using the Model 91-14A Type N Tee Adapter.
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CHAPTER IV

THEORY OF OPERATION

4 .1 GENERAL. The operating principles of the Model 92C are shown in the following
block diagram. The essential elements of the instruments are the probe, chopper driver,
chopper, attenuator, precrnplifier , a mplifie r, pulse generator, synchronous de tector, shap­
ing amplifier, power supply, and a meter.

A= I (30mVUBOVE)
830521 A-IO (I0mV RANGE)

A- 100 (3mV RANGE)

I PROBE I CHOPPER ATTENUATOR
PREAMP 2ND AMPLIFIER
A-100 A-HOO

CHOPPE R PULSE SYNC
DRIVER GENERATOR DETECTOR

POWER
SU PPLY

50K SHAPING

"::" AMPLIFIER

Figure 9. Block Diagram
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4.1.1 RF Probe , The RF Probe embodies a full-wave diode detector which rectifies
the signal under study to a dc voltage whose level is a function of the input level. While
operating in the square-Iaw region (below approximately 30 millivolts) the detector pro­
vides true rms response. As the input level increases beyond 30 millivolts, waveform re­
sponse gradually approaches peak-to-peak, calibrated on the scale in rrns ,

In cddltron to increasing efficiency, use of full-wave rectification in the detector
probe permits measurement of signals having highly asymmetrical waveforms without errors
stemming from turn-over effect.

The diodesused in theRF Probe have been carefullyselected forspecific character­
istics. The user is urged NOT to attempt their replacement with any off-the-shelf types.
In case of damage to probe components, cal I on your local Boonton Electronics Sales En­
gineering Representative or the factory for instructions.

4.1.2 Attenuator and Amplifiers. The dc output of the probe is converted to ac by the
chopper, and the resultant ac signal applied to the attenuator and amplifier sections. For
each range the output voltage from the 2nd amplifier is approximately 3V peak-to-peak.
This is accomplished by ranging both the attenuation and the gain of the secondamplifier
in the following manner:

1 GAIN
RANGE ATTN 2nd AMP.

3 mV 1 100
la 1 la
30 1 1
100 0.15 1
300 0.04 1
1000 O.Ol 1
3000 0.004 I

The preamplifier has a constant gain of Xl 00, and is designed for very low input
noise. Both amplifiers have wide bandwidths and are stabilized by large amounts of nega­
ti ve feedbac k •

4.1.3 Synchronous Detector. The amplified ac signal from the second detector is con­
verted to dc by the synchronous detector. The peak-to-peak amplitude is derived from a
shunt-series capacitor storage circuit using J FET switches. The synchronous detector is
driven by pulses generated in the chopper-driver circuit, thus assuring exact synchroniza­
tion , The characteristics of the detector determine the effective bandwidth of the ampli­
fier-detectorcombination and allow modificationof the bandwidth fordifferent range con­
di tions , The detector also provides conversion without offset.

92C
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4.1.4 Shaping Amplifier. The conversion of rf to de in the probe is non-linear, the
response being virtually square-Iaw for the lowest ranges and gradually becoming quasi­
linear for the 3V range. The shaping amplifier converts the non-linear output of the syn­
chronous detector to a linear output by using a segmental approximation to the exact cor­
recfion , The shaping amplifier is actually an operational amplifier so connected that, as
the signa I increases at its output, its gain is reduced by successively paralleling resistors
across the feedback resistors , The number of segments required adequately to linearize
the response varies from 6 for the "square-Iaw" ranges down to 2 for the 3V range. The
output of the shaping amplifier is +1 OV which drives the panel meter.

4.1.5 Chopper-Driver Circuits. The chopper-driver bleek provides all of the drive
signals required by the instrument. The chopper frequency is obtained by dividing the
output of a unijunction oscillator by two. The oscillator also generates the switching
pulse for the synchronous detector. Diode gating feeds the pulse to the proper J FET de­
pending upon chopper phcse ,

4.1 .6 Power Supply. The power supply converts tha ac input power to regulated +15V
and -15V outputs. Each supply is protected by current limiting against accidental short
circuits. The +15V supply is a zener-biased follower, and no adjustment is provided. The
-15V supply is referred to a 6.2V zener, and the voltage is adjustable to -14.9V, ±0.1 V.

92C
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CHAPTER V

MAINTENANCE

5.1 PERIODIC CALIBRATION. The Model 92Cis designed to providetrouble-free op­
eration over extended periods of time. However, as with any precision instrument, the
instrument should be checked periodicallyto verifyproper calibration. To make suchcali­
bration checks, the following equipment is required:

a. Areliabie signal souree of 200 kHz to 500 kHz with less than 1%
distortion at Ievels up to 3 vol ts ,

b , A precision ac voltmeter.

c , A precision de voltmeter capable of measuring -15.0V, ±O.l%.

5.2 PRECAUTIONS WHEN CHECKING CALIBRATION. When checking the calibra­
tion of an instrument having the sensitivity and bandwidth of the Model 92C, it is essen­
tial to take precautions against errors resulting from stray pick-up voltages. (See para­
graph 3.3.8.) A well-shielded signa I souree must be used in conjunction with coaxial
connections to both the Model 92C and the standard reference meter . Even with a wel/­
shielded generator and connections, it is sometimes possible for the reference meter to pick
up stray rf signals and feed them into the probe , It is advisable to test for this condition
by disconnecting the standard meter and noting any change in level.

5.3 CALIBRATION CHECK. Using the equipment listed in paragraph 5.1, check the
calibration of the Model 92C on each range, using a test voltage equal to the full scale
value. If the check reveals that recalibration is required, the procedure outlined in para­
graph 504 should be followed.

504 CAlIBRATlON PROCEDURE. The Model 92C should be calibrated at room tem-
perature (21° to 25°C) of ter 0 minimum warmup of one minute.

A calibration outline is provided inside the top cover of the instrument (see Fig­
ure 10). The adjustment references Iisted below are the same as those recorded on the top
cover.

NOTE

Check the mechanica I zero on the Model 92C with the power
off before proceeding with the fol/owing adjustments.

Adjustment No. 1. Measure the -15 .OV de supply voltage at Test Point No. 5
located on the main amplifier board to the left of R145. Adjust R145 to -15V ±O.lV.

Adjustment No. 2. Set the RANGE FULL SCALE SELECTOR to the 3 mV Range
and zero the instrument as described in paragraph 3.3.5.
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Adjustment No. 3. Set the RANGE FULL SCALE SELECTOR to the 30 mV Range
and adjust R296 for a zero meter reading.

Adjustment No. 4. Set the RANGE FULL SCALE SELECTOR to the 3 mV Range
(zero as in Adjustment No. 2 above), apply 3.00 mV, ±0.2%, input and adjust R208 for a
3.00 mV reading.

Adjustment No. 5. Set the RANGE FULL SCALE SELECTOR to the 10 mV Range
(zero as in Adjustment No. 2 above), apply 10.0 mV, ±0.2%, input and adjust R220 for a
10.0 mV reading.

Adjustment No. 6. Set the RANGE FULL SCALE SELECTOR to the 30mV Range,
apply 30.0 mV, ±O.~Io, input and adjust R228 for a 30.0 reading.

Adjustment No. 7. Set the RANGE FULL SCALE SELECTOR to the 100 mVRange,
apply 100 mV, ±O.~/o, input and adjust R236 for a 100 mV reading.

Adjustment No. 8. Set the RANGE FULL SCALE SELECTOR to the 300mVRange,
apply 300 mV, ±O. 2%, input and adjust R255 for a 300 mV reading.

Adjustment No.9. Set theRANGE FULLSCALE SELECTORtothel000mVRange,
apply 1000 mV, ±0.2%, input and adjust R268 for a 1000 mV reading.

Adjustment No. 10. Set the RANGE FULL SCALE SELECTOR to the 3000 mV
Range, apply 3000 mV, ±O.~/o, input and adjust R281 for a 3000 mV reading.

5.5 TROUBLE-SHOOTING. The conservative design of the Model 92C results in an
instrument requiring a minimum of repair and maintenance. Should trouble develop, how­
ever, the procedures outlined in the paragraphs following will help in locating the defec­
tive component or circuit. They are listed in order of probability commencing with the RF
Probe, which may be subjected to an accidental voltage overload severe enou,gh to damage
its diodes. Unless a fault is obvious enough to be immediately apparent, it is suggested
that the trouble-shooting procedure be followed in the order given.

5.5.1 No meter indication, ZERO control has no effect: This symptom may indicate
an open diode in the RF Probe. If another probe is available, substitution for the sus­
pected probe will quickly determine whether or not this has happened. If no other probe
is avai labie, follow the procedure below.

a. Remove the probe connector from the front panel jack.

b , J ump the two terminals of the jack with a short piece of wire, and
test the operation of the ZERO control on the 3 mV Range. If this
control wi 11 now zero the meter, the trouble is probably in the probe ,
This can be confirmed by making a resistance measurement with an
ohmmeter between the two pins on the probe connector. Using a
high range on the ohmmeter, a good probe will show approximately
20 kQ in one direction and virtually infinite resistance in the orher ,
If a diode is open, resistance in either direction will be extremely
high.
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5.5.2 All readings are abnormally low: This is on indication that a probe diode hos
short-circuited under a severe overlood • This condition cannot easily be verified with a
VOM: if another probe is availobie, substitution for the suspected probe will quickly
check this.

NOTE

The diodes used in the RF Probes are highly specialized com­
ponents. Their replacement with other diodes should not be
attempted. If the tests above verify that a diode hos failed,
the probe should be returned to the factory for repair •

5.5.3 Readi ngs are errati c on one range:

a. Check the tightness of the miniature connectors on the cable wiring
between the two PC boards. If one of them eppeers loose on the pin,
crimp with a pair of long-nosed pliers.

b , Locate the miniature calibration potentiometer associated with the
defective range in the row along the top edge of the vertical PC
board (see Calibration Chort); Test it with on ohmmeter for correct
resistance, and for good rotor contact. Refer to the Schemati c or
the Table of Replaceable Parts for the resistance value.

c , Test the contacts on the appropriate section of the panel range switch
for firm conroet and low resistance.

d , Using theSchematic, methodicallytrace the operating circuits of the
instrument with on oscilloscope and a multitester. Waveforms, dc
and oe voltages, and other values are included on the schematic.

5.5.4 Pilot lamp lighted, instrument inoperative:

a. Remove the top and bottom covers of the instrument to allow easy
access to all points of the circuitry. The vertical PC board mayalso
be removed from the case and allowed to rest across the side frames;
the cable is long enough to permit this, except for the two leads to
the LED pilot lamp (brown and whita/brown}. These may be left un­
connected.

b , With the instrument turned on, check the dc output of the power
supply. The +15 volts is avai lable at the front terminal of C114, and
the -15 volts at Cl15. Both voltages are measured to the chassis.

c , If there is no dc output, check the terminations of the three wires
from the power transformer on the back panel to the printed circuit
board (red, red/yellow, and red/white) to see that they grip the
pins firmly. Measure the oe voltages between these pins, and then
the de vol toges through the power supply section to the output points.
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d , If the norma I dc output vol tages are measured in Step b, the troub Ie
should be sought in the other sections of the instrument. It is sug­
gested that the Block Diagram, Figure 9, be consulted in conjunc­
tion with the Schematics at the back of the Instruction Book. Using
an oscilloscope and voltmerer , a thorough analysis of the circuits
should be made, working back from the output to the input. Dc and
ac voltages, as weil as waveforms, are indicated in the Schematics
for critical points in the circuits.

5.5.5 Pilot lamp dark, instrument inoperative: This normally indicates primary power
fai lure.

a. Check the position of the line voltage switch on the rear panel to be
sure that it is in the correct position for the line voltage used ,

b , Remove the line fuse from its socket on the rear panel and test it.
See that it is the right size for the available line voltage.

c , Remove the instrument's top cover by taking out the screw on the top
rear of the cover. Examine the terminations of the two leads (grey
and white/grey) running to the rear terminals of the panel power
switch. See that the miniature connectors grip the pins firmly.

WARNING: These leads carry the ac line voltage. Unplug the instru­
menr's power cable before touching them.

d.

e.

With the instrument still unplugged, test the panel power switch for
continuity.

With the power applied, methodically trace the operating circuits
with oscilloscope and VOM, with particular attention to the range
in question.

NOTE: Removal of the bottom cover allows access to all parts of the cir­
cuitry. The vertical PC board may be removed by taking out the
mounting screws from the four metal mounting pillars. The inter­
connectrng wires are long enough to allow the board to function
outside the case. The two short wi res to the bottom of the panel
range switch (brown and white/brown) are the supply leads to the
LED pilot lamp; these must be unplugged before removing the
PC board, and may be left unconnected during testing.

5.5.6 Replacement of Probes: The Model 92C has been calibrated at the factory with
the probe supplied with the instrument. Both instrument and probe should have the same
serial number. Should another probe be used, or the original probe be repaired, the in­
strument's calibration MUST be checked. In some cases full recalibration will be required
(see procedure in Par. 5.4). Simi larly, if the RF Probe supplied withthe instrument is ex­
changed for a Model 91-4C Low Frequency Probe, recalibration may be required.
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A201
A202

Reference

OpAmp
11

TABLE OF REPLACEABLE PARTS

Description

LM301
LM302

BEC Part No.

535002
535003

Cl01 Capacitor, PE 100nF 200V ±look 234005
Cl02 EL 10IJF 20V ±20% 283205
C103 MIC 100pF 500V ±5% 200001
C104 EL lOlJF 20V ±2a'lo 283205
Cl05 EL 33IJF 15V ±2a'lo 283206
Cl06 EL lOf:!F 20V ±2ook 283205
C107 MET 1 .OIJF 100V ±20% 236007
C108 EL I. OIJF 35V ±2a'lo 283199
C109 EL 5~)JF 25V 283159
Cll0 11 11 11

Cl11 PE 100nF 200V ±la'lo 234005
Cl12 EL 250IJF 40V 283207
C113 11 11 11 11

Cl14 EL 100uF 25V 283105
C115 11 11 11 11

C201 Capacitor, PC 100nF 10'10 234046
C202 PE 6.8nF lOOk 234044
C203 MICA 100pF 5% 200001
C204 11 11 11 11

C205 11 11 11 11

C206 PE 18nF 5% 234064
C207 MICA 100pF 5% 200001
C208 EL 5~pF 25V 283159
C209 11 11 11

C210 CER 10nF 224119
C211 MICA 33pF ±5% 200049
C212 CER 10nF 224119
C213 PE 22nF 2301Ol
C214 PC 100nF 10'10 234046
C215 11 11 11 11

C216 CER 10nF 224119
C217 11 11 11 11

C40l Capacitor, PC 100nF 50V ±loo/o 234046
C402 11 11 11 11 11 11

- PL 1 -
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TABLE OF REPLACEABLE PARTS (Cont'd)

Reference Description BEC Part No.

CR101 Diode FD300 530052
CR102 11 1N914 530058
CR103 11 11 11

CR104 Diode, Zener 1N5243B 530101
CR105 11 11 1N5235B 530089
CR106 11 1N914 530058
CR107 Bridge, Rectifi er 532013
CR108 Diode 1N914 530058
CR109 11 11 11

CRllO 11 11 11

CRlll 11 11 11

CR1l2 Diode, Zener 1N5246B 530090
CRl13 11 1N5234B 530093

CR201 Diode 1N914 530058
CR202 11

CR203 11

CR204 11

CR205 11

CR206 11

CR207 11

CR208 11

CR209 MV5025
CR210 1N914 530058
CR211 11 11

CR212 11 11

CR213 11 11

CR214 11 11

CR215 FD300 530052
CR216 1N914 530058
CR217 11 11

F401

F401

Fuse

11

1/16A 117V
or

1/32A 220V

545518

545522

M401 Meter

92C
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TABLE OF REPLACEABLE PARTS (Cont'd)

Reference Description BEC Part No.

Q101 Transistor I Field Effect 2N5459 528019
Ql02 11 11 11

Ql03 11 11 11

Ql04 11 T1S58 528038
Ql05 HDGP100 528057
Ql06 Field Effect 2N5459 528019
Ql07 Factory Selected 528044
Ql08 2N5088 528047
Ql09 2N5087 528042
QllO MPSA66 528048
Ql11 2N5087 528042
Q1l2 2N5088 528047
Q1l3 Field Effect TIS58 528038
Q1l4 11 11 11

Q1l5 11 11 11

Q1l6 11 2N5459 528019
Q1l7 11 11 11

Q1l8 Not Used
Q1l9 MPSA66 528048
Q120 2N3903 528024
Q121 2N3905 528025
Q122 Field Effect 2N5459 528019
Q123 11 11 11

Q124 2N4921 528034
Q125 2N4918 528033
Q126 2N5087 528042

Q201 Transistor 2N5087 528042
Q202 11 2N4871 528051
Q203 11 2N5087 528042
Q204 11 11 11

Q205 11 MPSA20 528043
Q206 2N5087 528042
Q207 11 11

Q208 2N5088 528047
Q209 11 11

Q210 11 11

Q211 2N5087 528042
Q212 11 11

Q213 11 11

Q214 MPSA20 528043
Q215 2N5087 528042
Q216 MPSA20 528043
Q217 2N5087 528042

- PL 3 -
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TABLE OF REPLACEABLE PARTS (Cont'd)

Reference Description BEC Part No.

Q218 Transistor 2N5087 528042
Q219 11

MPSA20 528043
Q220 11 2N5087 528042
Q221 11 11 11

Q222 11
MPSA20 528043

Q223 11 2N5087 528042
Q224 11 11 11

Q225 11 MPSA12 528052
Q226 11 TIS58 528038
Q227 11 11 11

- PL 4-
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TABLE OF REPLACEABLE PARTS (Cont'd)

Reference Descri pti on BEC Part No.

Rl0l Resistor, Comp. lMQ 5% l/m 301159
Rl02 11 Factory Selected
Rl03 11 2KQ 5% l/m 301094
Rl04 MF 5 .62MQ 1% 1/4W 325397
Rl05 11 24.3KQ 1% 3/SW 340405
R106 11 SO.6KQ 1% 3/SW 326467
Rl07 11 374KQ 1% 3/PNV 340547
R10S 11 294KQ 1% 3/SW 340535
R109 11 1.0MQ 1% 3/SW 326700
R11 0 Comp. 91KQ 5% l/m 301134
R111 11 47KQ 5% 1/2W 301127
R112 11 33KQ 5% l/m 301123
R113 11 300KQ 5% l/m 301146
R114 MF 169Q 1% 3/PNV 340147
R115 Comp. 10KQ 5% l/m 301111
R116 11 11 11 11 11

R117 11 33KQ 5% l/m 301123
R11S MF 15 .0KQ 1% 3/SW 34037S
R119 Comp. 15Kn 5% l/m 301115
R120 11 3.6KO 5% 1/2W 301100
R121 Comp. 3KQ 5% 1/2W 30109S
R122 11 lMQ 5% 1/2W 301159
R123 11 2.7KQ 5% 1/2W 301 097
R124 11 5.6KQ 5% 1/2W 301105
R125 11 11 11 11 11

R126 11 lKQ 5% i/z« 301 OS7
R127 11 5.1 KQ 5% l/m 301104
R12S 11 15Kn 5% 1/2W 301115
R129 11 lKO 5% 1/2W 301OS7
R130 11 10KQ 5% l/m 301111
R131 MF 30.1 KO 1% 3/SW 326397
R132 11 3.01Kn 1% 3/SW 340297
R133 11 301Q 1% 3/SW 340176
R134 11 33.2Q 1% 3/SW 340063
R135 Comp. lMQ 5% 1/2W 301159
R136 2K 5% l/m 301094
R137 24KQ 5% 1/2W 301120
R13S 11 11 11 11

R139 2K 5% 1/2W 301094
R140 S.2Q 5% l/m 301505
R141 11 11 11 11

R142 100Q 5% 1/2W 301063
R143 11 11 11 11

Rl44 MF 3.92KO 1% 3/SW 340311
R145 Var . lKO 20'% 1/2W 311257
R146 MF 4.75KQ 1% 3/SW 340321

- PL 5 -
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TABLE OF REPLACEABLE PARTS (Cont'd)

Reference Descri ption BEC Part No.

R201 Resistor, Comp. 150KQ 5% 1/2W 301139
R202 11 11 10KQ 5% 1/2W 301111
R203 11 MF 100KQ 1% 3/8W 340478
R204 11 Comp. 10KQ 5% 1/2W 301111
R205 11 MF 51 .1 KQ 1% 3j?W 340443
R206

11 11 2.74KQ 1% 3!8W 340292
R207 11 Comp. Seleeted
R208 11 Var. lKQ ±20% 311284
R209 11 Comp. 10KQ 5% 1/2W 301111
R210 11 MF 28.7KQ 1% 3/8W 340414
R211 11 11 200KQ 1% 3/8W 340515
R212 11 1.0MQ 1% 3/8W 326700
R213 Comp , 100Q 5% 1/2W 301063
R214 11 33KQ 5% 1/2W 301123
R215 MF 40.2KQ 1% 3/8W 326401
R216 11 191KQ 1% 3/8W 340512
R217 Comp. 100KQ 5% 1/2W 301135
R218 11 3.3KQ 5% 1/'NI 301099

R220 Var. 1KQ ±200/o 311284
R221 MF 29.4KQ 1% 3/8W 340415
R222 11 95.3KQ 1% 3/8W 340476
R223 Comp. 4.7KQ 5% 1/2W 301103
R224 11 10KQ 5% 1/2W 301111
R225 MF 28.0KQ 1% 3/8W 340412
R226 11 64.9KQ 1% 3/8W 340456
R227 Comp. 10KQ 5% 1/2W 301111
R228 Var. 1KQ ±200/o 311284
R229 Comp. 270KQ 5% 1/'NI 301145
R230 MF 26.1 KQ 1% 3/8W 340408
R231 11 46.4KQ 1% 3/8W 340438
R232 Comp. 10KQ 5% 1/2W 301111
R233 11 390KQ 5% 1/2W 301149
R234 MF 45.3KQ 1% 3/8W 326403
R235 11 2.74KQ 1% 3/8W 340292
R236 Var. 1KQ ±200/o 311284
R237 Comp. 18KQ 5% 1/2W 301117
R238 11 15KQ 5% 1/2W 301115
R239 11 10KQ 5% 1/'NI 301111
R240 11 47KQ 5% 1/2W 301127
R241 MF 21 .5KQ 1% 3/8W 340398
R242 11 240KQ 1% 3/8W 340524
R243 11 26.1 KQ 1% 3/BW 340408
R244 11 154KQ 1% 3/8W 340501
R245 Cornp , 10KQ 5% 1/'NI 301111
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TABLE OF REPLACEABLE PARTS (Conr'd)

Reference Descriptian BEC Part Na.

R246 Resistar, MF 54 .9KQ 1% 3/BW 340447
R247 11 191 KQ 1% 3/8W 340512
R248 11 31 .6KQ 1% 3/BW 340418
R249 11 82.5KQ 1% 3/8W 340468
R250 11 178KQ 1% 3/BW 326514
R251 11 31.6Kn 1% 3/BW 340418
R252 Camp. 12KQ 5% 1/'M 301113
R253 MF 17.8KQ 1% 3/BW 340388
R254 MF 2.74KQ 1% 3/BW 340292
R255 Var. 1KQ ±2001o 311284
R256 Camp. 100KQ 5% 1/2W 301135
R257 MF 24.3Kn 5% 1/'M 340405
R258 11 232KQ 1% 3/BW 340522
R259 11 95.3KQ 1% 3/BW 340476
R260 11 453Kn 1% 3/8W 340557
R261 Camp. 100KQ 5% 1/'M 301135
R262 11 12KQ 5% 1/2W 301113
R263 MF 200KQ 1% 3/BW 340515
R264 11 634KQ 1% 3/BW 340575
R265 11 31.6KQ 1% 3/BW 340418
R266 11 14.3KQ 1% 3/BW 340377
R267 11 2.74KQ 1% 3/8W 340292
R268 Var. 1KQ ±200/o 311284
R269 Camp. 100KQ 5% 1/2W 301135
R270 MF 31 .6KQ 1% 3/8W 340418
R271 Camp. 100KQ 5% 1/'M 301135
R272 MF 34.8KQ 1% 3/8W 340423
R273 11 523KQ 1% 3/BW 340565
R274 Camp. 2KQ 5% 1/'M 301094
R275 11 27KQ 5% 1/2W 301121
R276 MF 162KQ 1% 3/8W 340503
R277 11 806KO 1% 3/8W 340587
R278 Camp. 3KO 5% 1/2W 301098
R279 MF 10KO 1% 3/8W 326376
R280 11 2.74KQ 1% 3/8W 340292
R281 Var . 1KO ±200/o 311284
R282 Camp. 1.6KO 5% 1/2W 301092
R283 11 12KQ 5% 1/2W 301113
R284 11 4.7KQ 5% 1/2W 301103
R285 11 4700 5% 1/2W 301079
R286 11 7500 5% 1/2W 301084
R287 11 100K0 5% 1/2W 301135
R288 MF 127KQ 1% 3/8W 340491
R289 11 604KO 1% 3/8W 340572
R290 Camp. 150KO 5% 1/2W 301139
R291 11 510KO 5% 1/2W 301152

- PL 7-

92C
0-871



TABLE OF REPLACEABLE PARTS (Conr'd)

Reference Description BEC Part No.

R292 Resistor, Comp. 15Kn 5% 1/'lW 301115
R293 11 10Kn 5% 1/'lW 301111
R294 11 4.7KQ 5% 1/'lW 301103
R295 MF 49.9 kQ 1% 3/8W 340438
R296 Var. 2KQ ±2Cf/o 311285
R297 Camp. 100KQ 5% 1/'lW 301135
R298 11 2KQ 5% 1/'lW 301 094
R299 11 3KQ 5% 1/'lW 301 098

R401 Resistor, Var. 5KQ 311283
R402 11 MF 100KQ 1% 3/8W 340478
R403 11 11 11 11 11 11

R404 11 Comp. Factory Selected

S201 Switch

S402 Switch, Slide

T401 Transformer

IC401 Switch, Sol id-State

92C
a-871

PB10

Power

Factory Selected
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