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SECTION |
GENERAL INFORMATION

1-1.  INTRODUCTION

1-2.  This operating manual contains the information
required to install, operate, and test the Hewlett-Packard
Model 4192A LF Impedance Analyzer. Figure 1-1 shows
the instrument and supplied accessories. This section
covers specifications, instrument identification, descrip-
tion, options, accessories, and other basic information.

1-3. Listed on the title page of this manual is a micro-
fiche part number. This number can be used to order
4 X 6 inch microfilm transparencies of the manual. Fach
micofiche contains up to 60 photo-duplicates of the
manual pages. The microfiche package also includes the
latest manual changes supplement as well as all pertinent
service notes. To order an additional manual, use the part
number listed on the title page of this manual.

1-4. DESCRIPTION

1-5. The HP Model 4192A LF Impedance Analyzer is
a fully automatic, high performance test instrument
designed to measure a wide range of impedance para-
meters as well as gain, phase, and group delay. The
4192A improves efficiency and quality in the develop-
ment and production of many types of complex compo-

nents, semiconductors, and materials. Complete network

anabysis of devices such as filters, crystals and audio/video
equipment, plus evaluation of the impedance character-
istics of their circuit components, can bhe performed.
These tests can be performed using test signals equivalent
to those found under actual operating conditions. The
two measurement display sections, DISPLAY A and
DISPLAY B, provide direct readout of the selected meas-
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urement parameters with 4% digit resolution along with
the appropriate units. In NORMAL mode operation, the
4192A performs approximately five measurements per
second. The 4192A also provides an AVERAGE meas-
urement mode (approximately one measurement per
second) to obtain measurement data of higher resolution
and repeatabily than is possible in NORMAL measure-
ment mode, and a HIGH SPEED measurement mode to
perform approximately ten measurements per second.

I-6.  "The 4192A can provide measuring frequency,
OS8C level, and dc bias voltage {impedance measurements
only) equivalent to actual operating conditions. The
sweep capability of the built-in frequency synthesizer and
dc bias source permits quick and accurate measurements.
The built-in frequency synthesizer can be set to meas-
uring frequency within the range from 35.000Hz to
13.00000MHz with 1mHMz maximum resolution. OSC
level is variable from 5mV to 1.1 Vims with 1 mV resolu-
tion {5mV for levels higher than 100mV). The internal
dc bias voltage y urce (impedance measurements only)
provides 35V in !0mV incremenis. Measuring fre-
quency or de bias voltage can be automatically or manu-
ally swept in either direction. OSC level can be manually
swept in either direction in ImV increments (S5mV for
levels above 100mV). Actual test voltage across- or test
signal current through the device under test is also
measured. Thus the 4192A can evaluate components and
cireuits under a wide variety of measurement conditions.
For example, video frequency characteristics of a VIR
head, dc bias voltage characteristics of a semiconductor
or ceramic device, at circuit level as well as component
level, can be accurately evaluated. For measurements on
high Q (= 10°) devices or for impedance measurements
that require a test signal that is more stable than that
provided by the 4192 A, an external frequency synthesizer
can be connected to the 4192A EXT VCO input con-
nector. Using this technique, a frequency resolution of
ImHz over the full frequency range, from 5Hz to 13MHz,
can be obtained. In addition, a high stability reference
(IMHz or 10MHz) can be connected to the 4192A so
that even more-stable test signals are obtained.

1-7. In amplitude/phase measurements, the 4192A can
measure four transmission parameters — gain/loss (B—A),
level (A, B), phase (), and group delay. Measurement
range of B—A is ~100dB to +100dB with 0.001dB
maximum resoiution and 0.02dB to 0.09dB basic ac-
curacy; measurement range of A/B is +0.8dBV to
~100dBV, +13.8dBm to - 87dBm with 0.001dB maxi-
mum resolution and 0.4dB basic accuracy; measurement
range of ¢ is ~180° ~ +180° with 0.01° resolution and
0.1° to 0.2° basic accuracy; measurement range of group
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delay is 0.1ns to 19.999s with a resolution of 4% digits.
These features make accurate measurement of transmis-
sion characteristics sasier than ever before. For example,
(.001dB changes in insertion loss and ripple in the pass
band of a BPF (Band Pass Filter), caused by temperature
changes, can be resolved. Moreover, the ability of the
4192A to measure group delay helps in the design and
construction of filters that must accurately transmit
phase information.

1-8. In impedance measurements, the 4192A can
measure eleven impedance parameters — absofite value of
impedance (|Z!), absolute value of admittance (}Y!),
phase angle (#), resistance (R), “reactance (X), con-
ductance (G), susceptance (B), inductance (L), capaci-
tance (C), dissipation factor (D) and quality factor (Q).
Measurement range of 1 Z| /R/X is 0.1m% to 1.2999M0.
[Y]/G/B is 1 ns to 12.999s; ¢ is —180.00° to +180.00° ;
L is 0.01mH to 1.000%H; C is 0.1pF to 100.0mF; D is
0.0001 to 19.999; Q is 0.1 to 1999.9. All have a basic
accuracy of 0.1% and a resolution of 4% digits (number
of display digits depends on measuring frequency and
OSC level setting). Moreover, the unique circuitry of
the 4192A provides direct and accurate impedance
measurements of both grounded and floated devices.

1-9. The 4192A employs certain functions which
make the best use of the intelligence capability of its
microprocessor. This microprocessor-based design of the
hardware makes operation of the 4192A simple, vet
improves performance to realize the accurate measuring
capabilities. Desired test parameters are fully program-
mable through the front-panel control keys or via HP-IB
control, a standard capability of the 4192A. The devia-
tion measurement function eliminates the need for
tedious deviation calculations. Deviation measurement
can be performed on all measuring parameters and is
displayed as either the deviation {A) from a stored refer
ence value or percent deviation (A%). This feature is
useful for environmental tests such as temperature
characteristics measurement of filter loss, and gain vs.
frequency for amplifiers. The self test function augments
the high reliability design of the 4192A. Convenient
introspective testing is possible by pressing the SELF
TEST key and confirms the functional operation of the
instrument. The zero offset adjustmen!{ function meas-
ures the residual impedance and stray admittance in-
herent to the test fixture used, and offsets the effects of
these parasitic parameters fo zero with respect fo the
measured values. The save/recall function can store
(SAVE key) five completely different front-panel settings,
including both parameter selection and sweep controls,
and recall them at any time (RECALL key). This feature
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improves efficiency in production applications where
repetitive measurements are made. This feature can also
be used to measure the same parameter on one com-
ponent under {five) different sets of test conditions. The
standard memory of the 4192A preserves stored data
even when the instrument is off.

1-10. The 4192A provides HP-IB interface capability
for complete remote control of zll front-panel control
key seftings and test parameter settings. This feature
makes it possible to integrate the 4192A into a measure-
ment system which reduces cost by improving DUT
throughout, Improving circuit design efficiency, and
shortening the component development period. The
4192A is also equipped with X-Y recorder outputs and
pen lift control. Clear and accurate copies of character-
istics curves resulting from swept measurements can be
obtained easily with this capability, without an external
HP-1B controller.

i-11. The versatility and operability of the 4192A are
maximized by the availability of versatile test fixtures.
Because components and networks are not of uniform
shape and size, the 4192A has several test fixtures that
can be used to best meet different measurement require-
ments.

1-12. SBPECIFICATIONS

1-13.  Complete specifications of the Model 4192A LF
Impedance Analyzer are given in Table 1-1. These specifi-
cations are the performance standards or limits against
which the instrument is tested. The test procedures for
the specifications are covered in Section IV, Performance
Tests. Table -2 lists supplemental performance charac-
teristics. Supplemental performance characteristics are
not specifications but are typical characteristics included
as additional information for the operator. When the
4192A LF Impedance Analyzer is shipped from the
factory, it meets the specifications listed in Table 1-1.

1-14. SAFETY CONSIDERATIONS

I-15. The Model 4192A LF Impedance Analyzer has
been designed to conform to the safety requirements of
an JEC (Intemational Electromechanical Committee)
Safety Class I instrument and is shipped from the factory
in a safe condition.

I-16. This operating and service manual contains in-
formation, cautions, and warnings which must be followed
by the user to ensure safe operation and to maintain the
instrument in a safe condition. '

Section |
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1-17. INSTRUMENTS COVERED BY MANUAL

1-18. Hewlett-Packard uses a two-section nine character
serial number which is stampad on the serial number
plate (Figure 1-2) attached to the instrument’s rear-panel.
The first four digits and the letter are the serial prefix and
the last five digits are the suffix, The letter placed be-
tween the two sections identifies the country where the
instrument was manufactured. The prefix is the same for
all identical instruments; it changes only when a change is
made to the instrument. The suffix, however, is assigned
sequentially and is different for each instrument. The
contents of this manual apply to instruments with the
serial number prefix{es) listed under SERIAL NUMBERS
on the title page.

1-19.  An mnstrument manufactured after the printing of
this manual may have a serial number prefix that is not
listed on the title page. This unlisted serial number pre-
fix indicates the instrument is different from those
described in this manual. The manual for this new instru-
ment may be accompanied by a yellow Manual Changes
supplement or have a different manual part number. This
supplement contains “change information” that explains
how to adapt the manual to the newer instrument.

1-20. In addition to change information, the supplement
may contain information for correcting errors (called
Errata) in the manual. To keep this manual as current
and accurate as possible, Hewlett-Packard recommends
that you periodically request the latest Manual Changes
supplement. The supplement for this manual is id :ntified
with this manual’s print dafe and part number, both of
which appear on the manual’s title page. Complimentary
copies of the supplement are available from Hewleti-
Packard. If the serial prefix or number of an instrument
is lower than that on the title page of this manual, see
Section VII, Manual Changes.

1-21. For information concerning-a serial number pre-
fix that is not listed on the title page or in the Manual
Change supplement, contact the nearest Hewleti-Packard
office.
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Figure 1-2.  Serial Number Plate
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Model 4192A

Table 1-1. Specifications (Sheet 1 of 12)

{Amplitude-Phase and Impedance Measurements)

INTERNAL SYNTHESIZER
Frequency Range :

Frequency Resolution :

Frequency Accuracy :

OSC Level Range :

OSC Leve!l Resolution .
0OSC Level Accuracy :

COMMON SPECIFICATIONS

OQutput from OSC OUTPUT (Heygr ) terminal

5.000Hz to 13.000000MHz

ImHz (SHz to 10kifz), 10mHz (10kHz to 100kHz), 100mHz (100kHz to
IMHz), 1Hz (1MHz to 13MHz)

+ 50 ppm (23°C £5°C)

Variable from SmVrms to 1.I Vrms {when terminated by 50£2 in amplitude-

phase measurements or UNKNOWN terminals are open in impedance measure-
ments).

ImV (5mV to 100mV), 5mV (100mV to 1.1V)

Measuring Frequency OSC Level
< 108mV > 100mV
SHz ~ 1MHz (5+10/1Y% + 2mV (5+10/DH% + 10mV
1 MHz ~ 13MHz 4+ 1.5FY%+2mV (4+15F)%+ 10mV
f: measuring frequency (Hz), F : measuring frequency (MHz).

Output Resistance :

Level Manitor (impedance measurement} : Measures and displays the voltage across- or current through the

Frequency and Level Control: Set via the front-panel numeric keys or HP-IB; auto sweep (except for level) or

EXTERNAL SYNTHESIZER :

Frequency Range !

Required Signal Level :

Note: Frequency of the 41924 internal synthesizer should be set (o the frequency of the external synthesizer
minus 40MHz, and the internal and external synthesizers should be phase-locked.

5082 (amplitude/phase measurements),] 0082 (impedance measurements, > 38kHz)
1008 to 10kQ (impedance measurements, << 38kHz, depends on measuring
range}, de coupling.

device under test.

manual sweep.

Connected to the VCO INPUT connector on the rear-panel (HP3325A Syn-
thesizer or equivalent is recommended).

40.000005MHz to 53MHz (measuring frequency is equal to the frequency of
the external synthesizer minus 40MHz [5Hz to 13MHz]).

GdBm to 3dBm

1-4
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Table 1-1

Table 1-1. Specifications (Sheet 2 of 12)

EXT REFERENCE INPUT CONNECTOR : Can be connected to a 1MHz/10MHz high stability reference signal
‘ (-1dBm to +5dBm) to improve the stability of the internal synthesizer.

Input Resistance : Approximately 5082
MEASURING MODE

Spot Measurement : At specific frequency {(or de bias™)

Swept Measurement : Between START and STOP frequencies {or dc bias®). Sweep can be automatic
or manual.

Sweep Mode : Linear sweep mode (sweeps at specified step) and logarithmic sweep mode (20

measurement points per frequency decade).

X10 STEP : Multiplies the specified frequency/dc bias* step by 10 in linear manual sweeps.
PAUSE Key : Temporarily stops swept measurements.
SWEEP ABORT Key : Makes sweep cancellation.

* : DC bias sweeps can be made for impedance measurements only.

RECORDER QUTPUT : DC outputs proportional to measured values of DISPLAY A, DISPLAY B, and
measuring frequency or dc bias. PEN LIFT output and X-Y recorder scaling
outputs are provided.

Maximum Cutput : 1V

Qutput Voltage Accuracy ©  * (0.5% of cutput voltage + 20mV).

FIVE NONVOLATILE STORAGE REGISTERS : Memorize five complete instrument measurement configurations.
Measurement configurations can be set from the front-panel, from the HP-IB,

or both.
HP-IB INTERFACE : Data output and remote control via the HP-IB (based on IEEE-Std-488 and
ANSI-MCi-1.
Interface Capability : SH1, AHI, T5, L4, SRI, RL1, DC1, DT1L.
Remote Control Function :  All front-panel functions except LINE ON/OFF switch and X10 STEP key;
Data Output : Measured values of DISPLAY A, DISPLAY B, and measuring frequency or de
bias.

SELF TEST : Performs the 4192A basic operation checks and displays the test results when
power is turned on or when the SELF TEST mode is set by the SELF TEST key
or via HP-IB.

TRIGGER : Internal, External, Hold/Manual, or HP-IB remote control.

1-5




Section [ ' ' Model 4192A
Table -1 :

Tabie 1-1. Specifications {Sheet 3 of 12)

AMPLITUDE/PHASE MEASUREMENTS

PARAMETERS MEASURED : Measures DISPLAY A parameters and DISPLAY B parameters simultaneously in
the parameter combination listed below. Deviation measurement (A) and

percent deviation measurement (A%} can be performed for all measurement
parametears.

DISPLAY A Function DISPLAY B Function

Group delay (5)
B A (dB): Amplitude ratio

8 (deg/rad) : Phase Difference

A (dBm/dBV) : Absolute amplitude of Reference Input

B (dBm/dBV) : Absolute amplitude of Test Input

REFERENCE AMPLITUDE : 0dBv = 1Vrms, 0dBm = IlmV (into 5082)

OSC OUTPUT CONNECTOR OUTPUT IMPEDANCE : 508 + 3% - 8% (at 50Hz to 5MHz), 5082 £ 10% (at SHz to

13MHz).
CHANNEL A AND B:
Input hmpedance : IMS £ 2%, shunt capacitance 25pF + 3pF
Maximum |aput Voltage : 2Vrms/+35V DC Max.

DISPLAY RANGE AND RESCLUTION : In NORMAL or AVERAGE measurement mode (Measuring resolution de-
creases one digit in HIGH SPEED measurement mode.

B-A: ' 0 to + 100dB, 0.001dB (0 ~ 20dB), 0.01dB (20 ~ 106dB) resolution
9 0to £180° (0 to + 7 radian), 0.01° resolution
Group Delay (7.} : 0.ins to 19.999s, 0.Ins maximum resolution

A, B: +0.8dBV to ~ 100¢BV, +13.8dBm to -87dBm, 0.001dB (> -20dB), 0.01dB (< -204B)
resolution

1-6
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Section |

Table 1-1

Table 1-1.  Specifications (Sheet 4 of 12)

MEASURING ACCURACY : Specified at measuring terminals when the following conditions are satisfied:
{1} Warmup Time : > 30 minutes '
{2) Ambient Temperature : 23°C  5°C (error limits double for 0°C to 55°C temperature range).
. {3} Measuring Speed : NORMAL or AVERAGE mode.

Note:  Additional errors due fo the power splitter, feedthrough termination, ete., are fo be added to specifi-

cations given here.

The measurement accuracy of each parameter is given below. The accuracy depends on input absolute level of

each channel and the measuring frequency.

B—A and § Measurements Accuracies : Accuracies are the sum of each channel accuracy given in the table
below. For example, when the frequency is 1kHz, A channel is-15dBV and B
channel is ~25dBV; the uncertainty contributed by each channel to the B—A
error is (.01dB/0.05° and 0.05dB/0.15°, respectively. Therefore, the finaf ac-
curacy of 0.06dB/0.2° is given by the accuracy of both channels.

Group:Delay Measurements Accuracy : Accuracy is derived from the following equation (phase accuracy Afy
and Afy are read from the table below):

ABy + Afy

group delay accuracy xw {s)

where, Afy : Channel A phase accuracy {degree)
Ay : Channel B phase accuracy (degree)
AF . Step Frequency (Hz)

. +0.8 , .
S f . measuring frequency (Hz)
@ 0.008+0.2/F)dB | 6.01dB | 0.045dB. 0.025+0.02F )dB .
g 10 4 50.04+1/f)£ ) 0.05e 0. 08° ( 0. 08F° ) F: measuring frequency (MHz)
% 20 Equations in table represent:
= {0.047+0,2/F)dB 0.05dB | 0.08dB {0.04+0.04F)dB
N R CAE 0.15° | 0.25° (0.05+0.2F)° A, B accuracy
§ {0.05+1/F)dB 0.06dB 0.12dB (0.06+0.06F)dB # accuracy
= {0.14+46/F}° p.2° 0.3° (0.05+0.25F})°
Gt
= 56.054*3/?')6)13 0.08dB 0.144B {0.07+0.07F)dB
g 0.15+15/F)° 0.3° 0.6° (0.3+0.3F)° Not
i 50 (O.I+10/1:)d8 0.2dB {0.1+0.7F)dB ¢
o <@
§ -60 (1+50/1) 1.5 {1+0.5F) When caleulating accuracy
"g (045+25/f)d3 O.ZdB (0.44‘9.31:)(3”3 for points along a horizontal
2 -70 (4+100/7) J (4+F) or vertical line, or at the
= (?-5+50/7")g3 2dB (1+F)aB intersection of two lines, use
B gy J12r300/F) 157 (13+2F)° the  narrowest  accuracy
- equation.
-30 ‘Unspecified
"106 T ¥ T
5 160 10k ™ 13M

Measuring Frequency (Hz)
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Table 1-1

Tahle 1-1. Specifications (Sheet & of 12}

Absolute Amplitude (A, B} Accuracy : Accuracy is given in the table below,

- +0.8
Q>Q f : measuring frequency (Hz}
g’ -10 1 F : measuring frequency (MHz)
2] .
g 20 -
5 {0.441/F)dB 0.4dB (G.4+0,08F)aB
o =30 A Note
3
ﬁ -40 - When calculating aceuracy
° for points along a horizontal
E -50 or vertical line, or at the
- (0.5+¢11/F)dB 9.64p (0.5+0.18F )da intersection of two lines, use
?5’ 60 the narrowest aecuracy
E (0.85+26/)dB 1.1d3 (0.8+0.38F )dB equation.
= =70 :
s (1.9+51/7)dB 2.44dB (1.4+1.08F)dB
£ -80
- 5< <100 160<

-850 4 Unspecified

-180 T T

5 100 ™ 134

Measuring Frequency (Hz)

1-8
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Fable 1-1

Table 1-1. Specifications (Sheet 6 of 12)

PARAMETERS MEASURED :

IMPEDANCE MEASUREMENTS

Messures DISPLAY A parameters and DISPLAY B parameters simultaneously in
the parameter combinations listed below. Deviation measurement (A) and
percent deviation measurement (A%) can be performed for all measurement
parameters.

DISPLAY A Function DISPLAY B Function

iZ1 : Absolute Value of Impedance

& (degfrad) : Phase Angle

IY| : Absolute Value of Admittance

R : Resistance X Reactance
G : Conductance B Susceptance
Q : Quality Factor
L Inductance
D Dissipation Factor
C : Capacitance
R Resistance
G

EQUIVALENT CIRCUIT MODE :

DISPLAY .

RANGING :

MEASUREMENT TERMINAL :

Conductance

Auto, oo (Series), and oo (Parallel). {Z1, R, and X are measured in
oo mode; and 1Y, G, and Bin o mode.

Maximum 4:1/2 digits in NORMAL or AVERAGE measurement mode,
maximum 3:1/2 digits in HIGH SPEED measurement mode; 19899
full-seale display for L and C measurement, 12999 for other parameters.
Number of display digits depends on OSC level, measurement range, and
test frequency. (Refer to Para. 3-17)

AUTO or MANUAL for impedance (1Z])/admittance { | Y]) measured value.

4-terminal pair configuration

AUTOMATIC ZERC ADJUSTMENT : Residual impedance (R + jX) and stray admittance (G + jB) of the test fixture

are measured at a frequency selected by the operator. These values are then
stored and used as offset data for subsequent measurements. The stored offset
values are converted and applied to other measurement frequencies (refer to
paragraph 3-79).
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Table 1-1

Tabie 1-1.  Specifications {Sheet 7 of 12)

MEASURING RANGE AND RESOLUTION : Accuracy is specified at UNKNOWN terminals under the following
conditions:

{1} Warmup Time : = 30 minutes

(2) In Floating Measurements : (see Table 1-2 for specifics on low-grounded measurements)

{3) Measuring Frequency : At the frequency of the zero offset adjustment

{4) Ambient Temperature : 23°C + 5°C (error limits double for temperature range of 0°C to 55°C)
{6} CABLE LENGTH : At 0 position

{6) Measuring Speed : NORMAL or AVERAGE mode

{7} In the tables,

j area . Reference data (aceuracy is not guaranteed.)

V777 area : Measurement can not mode but accuraey is not specified.
0.0001 to 1.2099MQ 1000y -180.00° to + 180.00 °

B oo 4002

. use the left graph (below)

C= . use the right graph (befow)

where y ¢ OSC LEVEL (V)

—

Measuring frequency (Hz)
F . Measuring frequency (MHz)

200+
100 F
L]
[xnl

10 F
O i i i 1 [ s 1 N 1
5m 10m 100m 1.1 bm 10m 100m A

0sc LEVEL{V) 0SC LEVEL{V)




Model 4192A Section I
Table 1-1
Table 1-1.  Specifications (Sheet 8 of 12)
{Z1—6 and R—X Measurements :
Measuring Range :
Parameter Measuring Range Maximum Resolution
[Zi-R-X 0.0001£2 to 1.2999M<2 100u22
g ~180.00° to +180.00° 0.0F

Measurement Accuracy :

Refer to the table below (specified by ZY RANGE). However, R and X ac-

curacy depends on the value of D as follows:

D <1 1<D <1 10<D
Accuracy of R is equal to the accuracy of | ' , . . Tabie
. Y d ] Y Two times % error given in the fable below.
R X, in number of counts, as calculated from i below
the table below.
Accuracy of X is egual to the accuracy of R, in
X Table below. number of counts, as calculated from the table be-
low.
5 c 4
R RUER IR Y + 78800} % 40 (0.2 + AJEE + (0.2F + A)BS + 1
{(0.1 + 05018 + 2 (4 2.enne (0.1 # 0.58)8° (0.17F = 0.5A)8°
v 1E001 +0.2808 ¢ %—{1 « 003 (14 T0RCHIE b (0.2F = 0.2R)ER 4
[(0.05 + 01838 + £ {1 + 0,03 3 + 10AJCH® (0.12F + 0.15}B°
e | (81 +02AB 2{re0.0z (s t0MC} T 0 (0.1 + 0.2A38% + 1 {0.TSE ¢ 0LPAYEE * 1
a {(0.08 + D.TA)B + %{1 0,02 {1+ TOAKCE T {0.05 + 0.18)8° (0.09F + 0.14)8°
S’
& L 0.2A) + 3 {1+ 0.04 (15 6RCFT (0.1 + 0,24 + D,02F + 0.028F7)B% + )
EV {{0.05 + D.1AY & %{1 + 008 (1 +6ACHT {0.05 + 0,18 + D.0IF + 0.014F7)0°
= 008+ 2{1 40,00 (1+ Blicy s + 3 0.18% + 3 (0.7 + 0.02F ¢ 0.074F%3B% + 3
= 100 001400 . e .
Lo.os + &3he « 2014 000 0+ Byc) 10 {0.05 « 28 (0.05 + %gh 4 0.03F + 0.074F%)8
fo.26+ 2 {1+0.08 0 +dic}ines 0.28% + 5 (0.2 v 0.0 + 0.032F0)8% + 5
4 : . 0.02, .0 - T
R ETRE B:02yp + £ {1 4 0,08 (1 + f)g} 10 (0.0 % 5518 Hg + D2 40 067 + 0.084F2)(0.2¢ %he
0.58% = 5 /
i X
er (0.3 + Lhyse ;

{1y A=

400 1M

Measuring Frequency (Hz)
Displayed 1Z1, R or X ()
|Z | Range full scale (§2)

(2) Equations in table represent :

b

in the table,

§ accuracy |+ (absolute value}}

|Z1, R, X accuracy {* (% of reading + number of counts)]

134
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Model 4192A
Table 1-1
Table 1-1.  Specifications {Sheet 9 of 12)
Y] — 0 and G—B Measurements :
Measuring Range :
Parameter Measuring Range Maximum Resolution
lYl, & 0.001pu8 ~ 12.9995 InS
g -180.00° ~ +180.00° 0.01°

Measurement Accuracy :

Refer to the table below (specified by ZY RANGE). However, G and B accuracy

depends on the value of D as follows:

D < 0.1 021 <D £ 1 1 <D
Accuracy of G is equal to the accuracy of B, in Table bel
able be
G | number of counts, as calculated from the table ow
below.
Two times % error given in Accuracy of B is equal to the accuracy of G, in
B Table below the table below number of ¢ounts, as calculated from the fable
’ below.,
fos+ 200+ L850 g .3 0.28% + 3 4 0.2F-BF + 3
Mo s B g L 02} (0.1 + e (0108 = 230
! T :
0 50.‘;3+5{a $0.03 {1+ B} es 0.2FB% + 3
N vor o B.Giipe
P a5+ 28he + 3 {0003 00+ fichy (.zr » &2
| 18+ 2{1 « 002 (1 A;s}}ws 0.18% + 3 0.16F-B% » 3
" tos 4 QAG]) P 3{0 w002 (0 e} 0.05 + % t0.09¢ = B3hype
T foas =« 2{1 < 0.06 (1 + '6}5} v s (0.1 + 0.02F + 0.024F*}B% + 3
“‘;; " [{0.05 + ?mgl}g + "{1 +00E (0 e OTG)C} I (0.05 9”%1 + 0.01F + 0.014F%)8°
ol
5 106 [{o. +0-2MB+“‘ fr+o08 (0 e2ajc}in e 0.1 + 0.2A)B% + VI {03 +02ﬂr00dF+0024F’;B%+l
af
5 {{ﬂﬂs+amsf—{zsegg{ vare} e (0.05 + 0.1A)8° {0.05 + 0.1k + 0.01F + 0.014F%)
S
'"‘ : g(ouas:\mv{womuwon Fig s (0.2 % 0.5A)8% + 1
G,XLG[AB%:{;p004{1+gggc}]o 0.1 + 0.ZR)B°
10%////////////// @swﬁﬂaﬁ /
) v T

(y A=

Displayed Y1,

400 1ok 1) M

Measuring Frequency {Hz)

GorB{S)

I'Y [ Range full scale (S)

in the table.

(2) Equations in table represent :

13M

Y1, G, B accuracy:[ £

(% of reading + number of counts}]
# accuracy:| £ (absolute value)]

1-12




Model 4192A

Tabile 1-1.

Specifications {Sheet 10 of 12)

Section |

Table 1-1

L-—-Q, D, R, G Measurements :

Measuring Accuracy :

Measuring Range :

Refer to R/X or G/B measurements for R and G accuracy.

Parameter Measuring Range Maximum Resolution
L% 0.01nH ~ 1.0000kH 10pH
b 0.0001 ~ 19.999 0.0001
Q 0.1 ~ 1999.9 0.1
* . Depends on ZY RANGE and measuring frequency (refer to paragraph 3-71).

Refer to the table below (specified by ZY RANGE),

To determine which |Z | range is selected for 1. measurements,
change the DISPLAY A funetionto|Z|/|YL

{0+ 2a8 4 % (1 +2aa 0} 3+ 1

(1 = 2hjpEly

|Z| Range (£2)

i .
(6.1 + 0.02A)8 + 9—‘f{-}-‘-"‘- (14 2,480} {0.0F + D02 /
|3
o [{0.2 # 0.3R}8 + % {1 +6.03 (1 +100CH +1 {0.3F + 0.34)B% + 1
:
H [ 3
{0,007 + 0.003A)B + 0 541 4 0.03 (1 10A)C] (0,003 + 0.003A)
- [{0.2 + 0.38)8 + 3 {a +6.002 {1+ OANCHIE 4L (0.2 % 0.3MBE ¢ 1| (0.2F % 0.3A)BE 4 1
[ o002 + 0.003m8 + T2 {1+ 0,03 (1< Jomc) (0.002 + 000306 | {0.002F * 0.0038)8
[ | FLEE ¥ 03008 ¢ 2’“ #0.04 (1% BACT]E 41 A0.2 + D38 + 0,036 = 0.032F2)B% + |
{0.002 + .0.003A18 + "% 1 T+ 0.07 {1+ 10A)€,} {0,002 + 0.0034 + 0.0J03F + 0.0004F%)8
, T2 ] 1 } !
o8+ 2 {1 v0.00 0+ B5ck e s 0.28% + 3 (0.2 + 0.03¢ + 0.032F7}B% + 3
100 10,0003 JOLBOT3 L aot o saoaet e
10,007 + 9&?03\5 ' Q_%_QE {1 F 0.8 (14 TZ}C’», (0.002 ¢+ mprie f (0.062 ¢ S 0.0003F + ©,0004F%)
+0.38 + 3 {a 004 01+ 5 c}m + 5 0.38% + 5 (0.3 + 0.04F + 0.048F2)BY ¢ 5
0 . ©.0004 o ,
(5.003 + G 0004}8 (0.003 + D,Q%U_f.e_)ﬂ [0.003 = === + 0.0004F + U.0006F% |2
: 7 . 0.7B% + 5
1
e (0.007 + 2305
; )
5 16k i M

Measuring Frequency (Hz)

2 X Measuring frequency (Hz) X Displayed L (H)

1y A =

IZ | Range full scale (£2)

{2) Equations in table represent {at D £ 0.1) :

¥ accuracy [ + (absolute value)]

L accuracy:[ £ (% of reading + number of counts)]

(3) If 0.1 <D <1, double the % error for all values of L.
(4) D> 0.1, multiply error of D by (1 +D)?.

5
(5) o= ZrF X108
Where £ :

(H) in the table.

I3

in the table.

number of digits displayed when the DISPLAY A funection is
changed to } Z




Section [
TFable 1-1

Tabie 1-1.

Model 4192A

Specifications {Sheet 11 of 12)

C—0C, O, R, G Measurments :

Measuring Range :

Refer to R/X or G/B measurements for R and G accuracy.

Parameter Measurement Range Maximum Resolution
C* 0.0001pF ~ 100.00mF 0.1¢F
D 0.0001 ~ 19,999 {.0001
Q 0.1 ~ 19999 0.1
* 1 Depends’on ZY RANGE and measuring frequency (refer to paragraph 3-71).

Measurement Accuracy :

Refer to the table below (specified by ZY RANGE).

To determine which | Z | range is selected for L measurements,
change the DISPLAY A function to |2

10w .28 + 21+ QZGC)} 4o 0.28% + 3 0.7F.BY g ;m
: (0,002 + Quzgﬁi} . 0‘%5 {1+ &%ﬁﬁ; (0.002 + 9%’1)3 (0.002F + 239058
[o.1 B*—{E +0.03 (1 liC}E‘e’ 3 0.2F-B% + 3
o (0.0006 + 2:2002y5 4 89201 4 003 (1 ¢ e} (0.002¢ + L0005
(e S{vevoz v e e 0.18% *(ﬁmz 0.15F BY + 30 .
< " ro.0008 + % 0002y o 00501 4 0,04 (1 9-;‘—%} {0.000g + 20002, (0.0016¢ + 2:0902),
gn foas + 241+ 006 (0« B8e} 1043 (0.1 + 0.08F + 0,0248% 155, + 3
g 10m (0.0809 + Qmﬁgﬁi)ﬁ + @ {E 40,08 {1 s 2A)C) (0.0099 + melgﬂ + D.0002F + 0.0003F}5
= e L {4008 (1w 2} e (0.1 + 0.2438% + 1 | {07 + 8.28 + 0.02F + 0.024F7}B2 + 7
1 (0.0000 + & 0902y 4 095 15 4 g8 11+ 2aC) 10.0009 + 299%y5 | (0. q009 + 20092 4 o povar v 0.0003¢7)8
[(02+ 05808 + 3 {14006 (1 v 200C}J5 + 7 | (0.2 + 0.BA)BE + 1
] {0.802 + 0.004A)8 + -f--—% {1 +0.04 (1 + 208)C} {9,992 + 0.004A)B
10
i
5

(1Y A=

(2} Equations in table represent (at D £ 0.1) :

400

Measuring Frequency (Hz)

2# X Measuring frequency (Hz) X Displayed C (F)

2M

13m

Y | Range full scale

C accuracy:| + (% of reading + number of counts)]

D accuracy:i £ {absolute value)}

(3) 0.1 <D< 1, double the % error for all values of C.

(4) 1D >0, multiply error of D by (1 + D)?.

(5) o=

W
7f x 108+
Whereﬁ :

=(F) in the table.

number of digits displayed when the DISPLAY A function is

i-14



Model 4192A

Section |
Table -1

Table 1-1. Specifications {Sheet 12 of 12}

DC BIAS :
Voitage Range :

Cutput Resistance :

Control :

OPERATING TEMPERATURE :

RELATIVE HUMIDITY :

POWER :

DIMENSIONS :

WEIGHT :

OPTION 907 :

OPTION 908 :

OPTION 909 :

OPTION 910:

Valid for impedance measurements only.
~-35V to 435V, 10mV steps

.Setting Accuracy {at 23°C £ 5°C} : £ (0.5% of setting +5mV)
Maximum Output Current :  Varies with measuring frequency and range.
Floating measurements

Low-grounded measurements — 5 mA max,

Front-panel numeric keys or HP-IB remote control

EURNISHED ACCESSORIES AND PARTS : 16047A Test Fixture, 11048C 5082 Feedthrough Termination (2 ea.),

1100 to 11k = 10% (depends on measuring range)

— 20mA max.

GENERAL

0°C to 55°C
< 95% at 40°C

100, 120, 220V £ 10%, 240V + 5% ~ 10%, 48 Hz to 66 Hz, power consump*{ion
150 VA maximum.

425.5mm (W) X 235mm (H) X 615mm (D)

Approximately 19kg

Splitter (HP Part No.: 04192-61001, Nominal 50Q), Power Cord (HP Part No.:
8120-1378),

OPTIONS

Froat Handie Kit (HP Part No.: 5061-0091)
Rack Flange Kit (HP Part No.: 5061-0079)
Rack and Handle Kit (HP Part No.: 5061-0085)

Extra Manual




Section T Modef 41924
Table -2

Table 1-2. General Information {Sheet 1 of 2}

GENERAL INFORMATION
{The following information is reference data and not guaranteed specifications.)

TYPICAL MEASUREMENT ACCURACY :

Impedance Measurement (Floating} :
Accuracy when CABLE LENGTH is Im : 2.5 times percent error for frequencies above I MHz.
L+ C accuracy for B >> 1 1 (1 + D?) times accuracy specifications

Low Grounded Impedance Measurement Accuracy :
To obtain low grounded measurement accuracy, add the accuracy for floating
impedance measurements, given in the proceding tables, to the additional error
given in the figure below. Compensation for residual impedance (% 9pF at
< 600kHz or approximately 20kl at = 600kHz) must also be made using
the 4192A’s zero offset adjustment function.

10
1 el 731212 A N RPN
- ———— ]
o3
i_ﬂ Lg\?gi_ 1Y‘Range
2 - >70my 3%3%’:2?}5 1Y Range
B L <TORV {10kiZ, TS 10k, 15
) TERTES
SR e 10mS108
b e e’
=y o 1.0; 1
A= ; v
c = 3 P Y A A I SUCR—
£% g - 7
g 2 E - p Y Range
< E Tm . p TrAkn
— :g = / 10mS51 08
Ll § - //
ey (s} g 7/
N5 = gn el P S5 W A SN e
5 10K J0CK 10M
Measuring Frequency (Hz)
MEASURING SPEED : Refer to the figure below (at fixed measuring frequency, measurement range and
OSC level for impedance measurement). Specific information is provided in
paragraph 3-55 for amplitude/phase measurements and in paragraph 3-89 for im-
pedance measurements. Speed in AVERAGE mode i approximately 7 times
that for NORMAL mode.
3.0
) 1,08y
E 3 " Normal Speed
= ] i > Amplitude/Phase Measurement
é 300w ' 1 High Speed
% 1 1 Normal Speed
é 100m; High Speed
] Impedance Measurement
30m :

5 10 100 1K 100K ™ 13M
Measuring Frequency (Hz)
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Model 4192A

Table 1-2. General information {Sheet 2 of 2}

Section |
Table 1-2

FREQUENCY SWITCHING TIME : Approximately 50ms to 65ms

ZY RANGE SWITCHING TIME :  Approximately 35ms to 50ms per range (at > 400 Hz)

OSC LEVEL SWITCHING TIME :  Approximately 65ms

DC BIAS VOLTAGE SETTLING TIME : Approximately (0.4 X AV + 10) ms where AV is the voltage change (V).

LEVEL MONITOR RANGE AND ACCURACY : At 23°Ct5°C

Range Accuracy (% of reading + count)
< 100Hz : (4+ 19/DYy %+ 1§
Voltage SmV ~ 1.1V
100Hz to IMHz : 4% + 1
Current TuA ~ 11mA
> 1MHz: 4+08F)%+1
where f : measuring frequency (Hz), F . measuring frequency (MHz).

TIME REQUIRED FOR LEVEL MONITOR : Approximately 120ms

1MHz REFERENCE QUTPUT : Square wave, == 1.6 Vp-p

Qutput Resistance : Approximately 3082

1-17



Section I
Paragraphs 1-22 to 1-29

1-22. OPTIONS
1-23.  Options are modifications to the standard instru-
ment that implement the user’s special reguirements for

minor functional changes. The 4192A has four options
as histed in Table }1-3.

Tabtle 1-3. Available Options

;\? upr:'lig :r Pescription
907 Front Handle K‘ii.
908 Rack Flange Kit.
909 Rack Flange and Front Handle Kit.
910 Extra Manual

1-24. The following options provide the mechanical
parts necessary for rack mounting and hand carrying:

Option 907: Front Handle Kit. Furnishes carrving
handles for both ends of front-panel.

Option 908: Rack Flange Kit., Furnishes flanges for rack
mounting for both ends of front-panel.

Option 909: Rack Flange and Front Handle Kit. Fur-

nishes both front handles and rack flanges
for instrument.

Installation procedures for these options are detailed in
Section II.

1-18
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1-25. Option 910 adds an extra copy of the Operation
and Service Manual.

1-26. ACCESSORIES SUPPLIED

i-27. The HP Model 4192A LF Impedance Analyzer,
along with its furnished accessories, is shown in Figure
I-1. The furnished accessories are also listed below.

160474  Test Fixture

11048C 508 Feedthrough (2 ea.)

Power Splitter (HP Part No.: 04192~61001)
BNC Adapter (HP Part No.: 1250-0216)
ITE70A  BNC Cable (2 ea.)

Power Cable (HP Part No.: 8120-1378)

Additions]l Fuses for AlF1 (2ea. PN: 2110-0850)

1-28. ACCESSQORIES AVAILABLE

1-29. For certain measurements and for convenience in
connecting samples, ten types of accessories are available.
Each accessory is designed to meet the various measure-
ment requirements and types of DUT. All accessories
were developed with careful consideration fo accuracy,
reliability, and ease of measurement. A brief description
and photo of each available accessory is given in Table
1-4,



Section 1

Model 4192A
Table 1-4
Table 1-4. Accessories Available (Sheet 1 of 4)
Model Description
HP 16047A 16047A Direct Coupled Test Fixture (furnished):

Test Fixture (direct attachment type) for general measure-
ment of both axial and radial lead components. Three
kinds of contact inserts are furnished:

() For axial lead components,
(HP P/N 16061-70022).

(@ For general radial lead components,
(HP P/N 16061-70021}.

@ For radial short lead components,
(HP P/N 16047-65001}.

DC bias up to £35V can be applied.

HP 160478

16047B Test Fixture with Safe Guard:

Test Fixture {cable connection type) for general measure-
ment of both axial and radiai lead components at fre-
quencies below 2MHz. Three kinds of contact inserts are
furnished (same as those for the 16047A Test Fixture).

DC bias up to 35V can be applied with using the 4192A
(a protective cover provides for operator safety).

Cable length: approximately 40cm

HP 16047C

16047C High Frequency Test Fixture:

Test Fixture {direct attachment type} especially appro-
priate for high frequency measurements requiring high
accuracy. Two screw knobs facilitate and ensure optimum
contact of electrodes and sample leads. Maximum applied
de bias voltage is 235V, '

1-19



Section 1 Model 4192A
Table 14

Table 1-4. Accessories Available (Sheet 2 of 4)

Model Description

HP 18048A 168048A Test Leads with BNC Connector:
Test Leads (four terminal pair) with BNC connectors for
connecting user-fabricated test fixtures.

Maximum applied dc bias voltage is #200V (refer to
Figure 3-34).
Cable length: 1m

HP 160488 160488 Test Leads with RF Miniature Connectors:

; Test Lead (four terminal pair) with miniature RF con-
nectors suitable for conmecting user-fabricated test fixtures
in systems applications.

Maximum applied dc bias voltage is =200V (refer to
Figure 3-34).
Cable length: 1m

HP 16048C 16048C Test Leads with Alligator Clips:

Test Leads with dual alligator clips for testing components
of various shapes and sizes at frequencies below 100kHz.
Applicable measurement ranges:

Capacitance > 1000pF
Inductance > 100uH

Maxinum applied dc bias voltage is £35V.
Cable length: 1m

HP 160324B 160348 Test Fixture for Chip Components:

Test Fixture (tweezer type) for measurement of miniature,
leadless components such as chip capacitors. Employs a
three terminal configuration tweezer probe suitable for
high impedance component measurements {above 5082).

Maximum applied dc bias voltage is £33V,
Cable length: 1m

1-20



Model 4192A Section 1
Table 1-4

Table 1-4. Accessories Available {Sheet 3 of 4)

Model Description

HP 16095A _ HP 16095A Probe Fixture:
For probe impedance measurements on board-mounted
components or entire circuits. Low lead can be floated or
grounded. OSC QUTPUT connector is provided for am-
plitude-phase measurements. Following data is specified
when BNC adapter is used:

Stray capacitance <« 15pF
Residual inductance : £ 40nH
Residual resistance : = 100mQ

Following parts are furnished.

Part HP Part No.
Center pins for probe (10 ea.) 16095-60012
Alligator clip for ground 160935-61611
BNC (male) adapter 16095-60011
Alligator clip adapter 16095-61612
Ground pins (5 ea., HP Part No. 16095-65001) are also
available (not furnished).

16087 A 16097A Accessory Kit (with carrying case):
Contains the following accessories for circuit measurements:

110948 758 Feedthrough (2 ea.)
11095A 6008 Feedthrough (2 ea)
11070B  60cm BNC cable  (2ea.}
11170C 120cm BNC ¢able (2ea)
10013A 10 :1 Scope probe (2 ea.}
100078 1:1 Scopeprobe (2 ea)
16047C  Test Fixture

16048C  Test Leads

16095A  Probe Fixture

I-21



Section | Model 4192A
Table -4

Table 1-4. Accessories Available (Sheet 4 of 4)

Model Description

18096A 16096A Test Fixture:

To alternately make amplitude/phase measurements and
input impedance measurements on two-port devices. Fol-
lowing data is specified at BNC connectors:

Residual Impedances (after zero offset adjustment):
Stray capacitance : = 0.01pF
Residual Inductance: < (100 +0.5F*)nH
Residual resistance @ < (50 +5SF?)m&

Brror in amptitude/phase measurements {after cable com-
pensation):

B--A error : £0.1dB
Phage error : +0.1°
A, Berror : +(0.1+0.06F?)dB

Input impedance of CHANNEL A/B : 1M£ shunted by
less than 15pF.

Following parts are furnished:

Part HP Part No.

Textool® Grid zip test socket kit 16096-65001

. ) 16056-61614
BNC (male) to dual alligator clip cable (4 ea.)

16096-61611
BNC (male) to SMC cable (4 ea)

Banana plug to alligator clip cable 16096-61613

BNC {male) — BNC (male) cable
{90cm)

BNC T adapter 12500781

16096-616135

1-22



Model 4192 A

Section I
Paragraphs 2-1 to 2.9

SECTION [
INSTALLATION

2-1.  INTRODUCTION

2-2.  This section provides installation instructions for
the Model 4192A Impedance Analyzer. The section also
includes information on initial inspection and damage
claims, preparation for using the 4192A, packaging,
storage, and shipment.

2-3.  INITIAL INSPECTION

2-4. The 4192 A Impedance Analyzer, as shipped from
the factory, meets all the specifications listed in Table
1-1. Upon receipt, inspect the shipping container for
damage. If the shipping container or cushioning material
is damaged, it should be kept until the contents of the
shipment have been checked for completeness and the in-
strument has been checked mechanically and electrically.
The contents of the shipment should be as shown in
Figure 1-1. The procedures for checking electrical per-
formance are given in Section O, paragraph 3-7, Self Test
and in Section IV, Performance Tesis. If the shipment is
incomplete, if the instrument is damaged in any way, or
if the instrument does not pass the Performance Tests,
notily the nearest Hewlett-Packard office. If the shipping
container is damaged, notify the carrier as well asHewlett-
Packard. Keep the shipping materials for the carrier’s
inspection. The HP office will arrange for repair or re-
placement withouf waiting for claim settlement.

2-5. PREPARATION FOR USE
2-6. Power Requirements

2-7, The 4192A requires a power source of 100, 120,
220 Volts ac x10%, or 240 Volts ac +5%-10%, 48 to
66 Hz single phase; power consumption is 150VA maxi-
mum.

WARNING

THIS IS A SAFETY CLASS | PRODUCT (PRO-
VIDED WITH A PROTECTIVE EARTH TERMI-
NAL). AN UNINTERRUPTIBLE SAFETY EARTH
GROUND MUST BE PROVIDED FROM THE MAIN
POWER SOURCE TO THE INSTRUMENT’S IN-
PUT WIRING TERMINALS, POWER CORD, OR
SUPPLIED POWER CORD SET. WHENEVER THE
SAFETY EARTH GROUND HAS BEEN IM-
PAIRED, THE INSTRUMENT MUST BE MADE
INOPERATIVE AND BE SECURED AGAINST
ANY UNINTENDED OPERATION. IF THIS IN-
STRUMENT IS TC BE ENERGIZED VIA AN
AUTOTRANSFORMER FOR VOLTAGE REDUC-
TION, MAKE SURE THAT THE COMMON TER-
MINAL IS CONNECTED TO THE EARTH POLE
OF THE POWER SOURCE.

2-8. Line Voltage and Fuse Selection

CAUTION

BEFORE CONNECTING THE INSTRUMENT TO THE
POWER SOURCE, make sure that the correct fuse has
been installed and that the line voltage selection switch
is set to the correct voltage.

2-9.  Figure 2-1 provides instructions for line voltage
and fuse selection. The line voltage selection switch and
the proper fuse are factory installed for 100 or 120 volts
ac operation. Current ratings for the fuse are printed
under the fuseholder on the instrument’s rear-panel and
are listed, with HP part numbers, in Figure 2-1.

CAUTION

Use the proper fuse for the line voltage selected. Make
sure that only fuses for the required rated current and of
the specified type are used for replacement. The use of

mernded fuses or short-circuited fuse-holders must be
avoided.

241



Section II
Paragraphs 2-10 to 2.15

Model 4192A

g LINE ey

VOLTAGE FUSE
SELECTOR

L2540V ~ ]

Line Voltage Selection

Use a screwdriver to set the Line Voltape Selector
switch to the appropriate voltage. '

Fuse Removal

Using a screwdriver, turn the fuse holder CCW45° or
until it pops-out of the fuse socket.

Line Voitage Fuse Rating HP Part No.
1.25AT, 250V,
100V/120V Slow Blow 2110 - 0305
0.6AT, 250V,
220V/240V Slow Blow 2110 — 0416

Figure 2-1.

2-10. POWER CABLE

2-11. To protect operating personnel, the National
Electrical Manufacturer’s Association (NEMA) recom-
mends that the instrument panel and cabinet be grounded.
The Model 4192A is equipped with a three-conductor
power cable which, when plugged into an appropriate ac
power receptacle, grounds the instrument. The offset pin
on the power cable is the ground wire.

2-12. To preserve the protection feature when operat-
ing the instrument from a two contact outlet, use a three
prong to two prong adapter (HP Part No. 1251-8196)
and connect the green pigtail on the adapter to power
line ground.

CAUTION

The mains plug must only be inserted in a socket outlet
provided with a protective earth contact. The protective
action must not be negated by the use of an extension
cord {POWER CABLE) without protective conductor
{GROUNDING).

2-13.  Figure 2-2 shows the available power cords which
may be used in various countries. Also shown is the
standard power cord furnished with the instrument. HP
Part numbers, applicable standards for power plug, power
cord color, electrical characteristics and countries using
each power cord are listed in the figure, If assistance is

2-2

Line Voltage and Fuse Selection.

needed for selecting the correct power cable, contact the
nearest Hewlett-Packard office.

2-14. Interconnections

2-15. To interconnect the 4192A to an external con-
troller or peripheral device using the HP-IB interface
capability (IEEE Std. 488/ANSEMC1.1), connect the HP-
IB interface cable between the HP-IB connector on the
rear panel of the 4192A and the HP-IB connector on the
peripheral device. Refer to paragraph 3-109 for details
on the HP-IB.

When an external frequency synthesizer is used, remove
the cable connected between the VCO OQUTPUT and
EXT VCO connectors {located on the 4192A’s rear
panel), connect the OUTPUT of the external frequency
synthesizer to the EXT VCO connector, and connect the
IMHz or 10MHz REFERENCE OUTPUT of the external
frequency synthesizer to the 4192A’s EXT REFERENCE
connector. Refer to paragraph 3-131 for details on using
an external frequency synthesizer,

When an X-Y recorder is used, connect the RECORDER
OUTPUTS comnectors (located on the 4192A% rear
panel) to the X and Y axes connectors of the X-Y re-
corder. If the X-Y recorder is equipped with remote TTL
pen Hft control, connect the 4192A’s PEN LIFT con-
nector to the X-Y recorder’s pen lift terminal. Refer to
paragraph 3-137 for details on using an X-Y recorder.
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OPTION 800 United Kingdom

Plug : BS138634A, 250V
Cable : HP 8120-1351

Section {I
Figure 2-2
OPTION 4901 Australia/New Zealand
/ Earth
—— Neutrat
Line

Plug : NZSS 198/AS8 C112, 250V
Cable : HP 81201369

Neutrai Earth

Plug: CEE 22-V], 250V
Cable: HP 8120~1396

OPTION 902 European Continent OPTION 903 U.8./Canada
Earth
/ Earth
. \ [T NRR——— Y
Earth \ Neutral e \ Line
Neutra]
Plug : CEE-VII, 250V Plug: NEMA 5-15P, 125V, 154
Cable : HP 8120~ 1689 Cable : HP 8120-1378
OPTION 905%* Any country OPTION 9086 Switzerland

Neutral

Plug: SEV 1011.1959-24507 Type 12, 250V
Cable : HP 8120-2104

OPTION 812 Denmark
'Line
SN -
Neutral
SR \ Earth

Plug : DHCR 107, 220V
Cable: HP B126-2936

plug body configurations (straight, 94 ° ete.).

NOTE : Each option number includes a ' family °
of cords and connectors of various materials and

*¥* Plug option 905 is frequently used for
interconnecting system components and
peripherals.

Figure 2-2. Power Cables Supplied.



Section II
Paragraphs 2-16 to 2-22

2-16. Operating Environment

2-17. Temperature, The instrument may be operated in
environments with ambient femperatures from 0°C to
+55°C,

2-18. Humidity, The instrument may be operated in
environments with relative humidities to 95% at 40°C.
However, the instrument should be protected from
temperature extremes which cause condensation within
the instrument.

2-19. {NSTALLATION INSTRUCTIONS

Model 4192A

2.20. The 4192A can be operated on a bench or can be
rack-mounted. The 4192A is ready for bench operation
as shipped from the factory. For bench operation, the
instrument is equipped with two refractable legs that are
locgted on the bottom cover. They are extended by
pulling them away f{rom the bottom cover.

2-21. Installation of Gptions 207, 908 and 909

2-22. The 4192A can be rack-mounted and cperated as
part of a measurement system. Rack mounting informa-
tion for the 4192A is given in Fisure 2-3.

: Kit ,
Option Part Number Parts Included Part Number Q’ty Remarks
907 | Handle Kit Front Handle (3) 5060-9901 2
5061-0091 Trim Strip (4) 5060-8898 2
#832 x 3/8 Screw 2510-0193 6 9.525 mm
908 Rack Flange Kit | Rack Mount Flange | (2) 5020-8864 2
5061-0079 #8-32 x 3/8 Screw 2510-0193 6 9.525 mm
909 Rack Flange & Front Handle (@) 5060-9901 2
Handle Kit Rack Mount Flange (5) 5020-8876 2
5061-0085 #8-32 x 5/8 Screw 2510-0194 6 15.875 mm

1. Remove the adhesive-backed trim strip @
from both sides of the front-panel frame.

2. HANDLE INSTALLATION:  Attach the
handles @ to both sides of the front-panel
frame with the screws provided, and attach

trim@.
3, RACK MOUNTING: Attach rack mount

flange @ to both sides of the front-panel
frame with the screws provided.

4, HANDLE AND RACK MOUNTING: Attach
front handle@ and rack mount flange @to
both sides of the front-panel frame with
screws provided.

5. When rack mounting (3 and 4 above), remove
the four instrument feet (lift tab, and slide
the foot in the direction of the tab).

Figure 2-3.

2-4

Rack Mount Kits.
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2-23. STORAGE AND SHIPMENT
2-24. Environment

2-25. The instrument should be stored in a clean, dry
environment, The following environmental limitations
apply to both storage and shipment:

Temperature .............. -55°C to +75°C
Humidity ........... S to 95% (at 40°C)

The instrument should be protected from temperature
extremes which cause condensation inside the instrument.

2-26. Packaging
2.27. Original Packaging. Containers and materials

identical to those used in factory packaging are available
through Hewlett-Packard offices. 1f the instrument is

"being returned to Hewlett-Packard for servicing, attach a

tag indicating the type of service required, return address,
model number, and full serial number. Also mark the
container FRAGILE to assure careful handling. In any
correspondence, refer to the instrument by model number
and full serial number.

Section 11
Paragraphs 2-23 to 2-28

2-28. Other Packaging. The following general instruc-
tions should be used for repackaging with commerciaily
available materials:

a. - Wrap instrument in heavy paper or plastic. If shipping
to Hewlett-Packard office or service center, atfach tag
indicating type of service required, return address,
model number, and full serial number.

b. Use strong shipping container. A double-walled
carton made of 350 pound test material is adequate.

c. Use enough shock absorbing material (3 to 4 inch
layer) around all sides of the instrument to provide
a firm cushion and prevent movement inside con-
tainer. Protect front-panel with cardboard.

d. Seal shipping container securely.

e. Mark shipping container FRAGILE to ensure care-
ful handling.

f. In any correspondence, refer fo instrument by model
number and full serial number.

2-5
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Section I
Paragraphs 3-1 and 3-2

SECTIORN 1l
OPERATION

31  INTRODUCTION

3-2.  This section provides all the information neces-
sary to operate the Model 4192A LF Impedance
Analyzer, Inchuded are descriptions of the front- and
rear-panel controls, displays, lamps, and connectors;
discussions on operating procedures and measuring
techniques for various applications; and instructions on
the instrument’s SELF TEST function. A break-down
of the contents of this section is given in Figure 3-1.
Warnings, Cautions, and Notes are given throughtout;
they should be carefully observed to secure the safety
of the operator and the serviceability of the instrument.

WARNING
BEFORE THE INSTRUMENT IS SWITCHED ON,

ALL PROTECTIVE EARTH TERMINALS, EX-
TENSION CORDS, AUTO-TRANSFORMERS AND
DEVICES CONNECTED TO IT SHOULD BE
CONNECTED TO A PROTECTIVE EARTH
GROUNDED SOCKET. ANY INTERRUPTION OF
THE PROTECTIVE EARTH GROUNDING WILL
CAUSE A POTENTIAL SHOCK HAZARD THAT
COULD RESULT IN PERSCNAL INJURY.

ONLY FUSES WITH THE REQUIRED RATED
CURRENT AND OF THE SPECIFIED TYPE
SHOULD BE USED. DO NOT USE REPAIRED
FUSES OR SHORT CIRCUITED FUSEHOLDERS.
TO DO SO COULD CAUSE A SHOCK OR FIRE
HAZARD.

Caution: Before the insfrument is switched on, it must
be set to the voltage of the power source, or
damage to the instrument may result.

Operating instructions
{paragraphs 3-3 thru 3-33)

Amplitude Phase Measurement

Impedance Measurement

(paragraphs 3-34 thru 3-66)

E" - E;:t;aagd—éagzi;—iiities

{paragraphs 3-67 thru 3-108)

HP-1B Interface
(paragraphs 3-109 thru 3-130}

Recorder Outputs
(paragraphs 3-131 thru 3-136)

External Synthesizer
(paragraphs 3-137 and 3-138}

Internal Control Switch
{paragraphs 3-139 and 3-148})

[ SR ————— SEeR gL LE

Figure 3-1.

Contents of Section I

3-1



Section 111
Paragraphs 3-3 to 3-6

3-3. OPERATING INSTRUCTIONS 2.

3-4.  Operating instructions for the instrument’s basic 3.4,

Model 41924

Panel Features

Front- and rear-panel features are described in

capabilities are given in paragraphs 3-5 through 3-33.  Figures 3-2 and 3-3, respectively. More detailed informa-
Operating instructions for extended capabilities (remote  (ion on the panel displays and controls is given starting in
operation via the HP-IB, X-Y Recorder Outputs, External paragraph 3-7.

Synthesizer, and Intemal Control Switches) are covered
in paragraphs 3-109 through 3-140,
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(1) LINE OFF/ON
Applies ac line power to the instrument when set
to the ON position. Removes ac line power when
set to the OFF position.

(z) Trigger Lamp:
Comes on each time the instrument is internally, @
externally, or manually triggered. Trigger mode is
set by the TRIGGER keys :

(3) DISPLAY A:
Displays the measured value of the parameter set
by the DISPLAY A Function Select Keys (i5) .
Also displays error codes and messages, SELF
TEST @ results, ZERQO offset information,
and the HP-IB address ( @ in Figure 3-3). Maxi-
mum 4% digits; maximum display is 19999 for L
and C measurements, 12999 for other parameter

measurements. Number of display digits depends
on OSC LEVEL (17) and the measuring range,
Display annunciators light to indicate the units of
the displayed value,

DISPLAY. B:

Displays the measured value of the parameter set
by the DISPLAY B Function Select Keys (i8). If
the measurement cannot be made, 0F2 or — — -
is displayed. When DISPLAY A Function @ i8
set to A (dBm/dBV) or B (dBm/dBV), this dis-
play is blank. Maximum 4% digits; maximum dis-
play is 18000 for phase {f) measurements, 12999 -
for other parameter measurements. Number of
display digits depends on OSC LEVEL @ and
the measuring range. Display annunciators light
to indicate the units of the displayed value.

Figure 3-2. Front Panel Features {Sheet 1 of 10}
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Section HE
Figure 3-2
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Test Parameter Data Display (DISPLAY C):
Displays test parameter values (FREQ. BIAS, and
OSC LEVEL). Test parameters are set by the test
PARAMETER Select keys (7). Maximum 7%
digits for frequency; 4% digits for OSC LEVEL
and DC BIAS. Annunciator lamps, located to the
right of the display, light to indicate the units of
the displayed value. Also displays error codes,
overflow annunciation, and information related
to the SAVE function

BIAS ON Indicator:
Comes on when dc bias is applied to the DUT,;
goes off when the BIAS OFF key is pressed.

AlA% Keys and Indicators:
These keys — one for DISPLAY A and one for
DISPLAY B — are used for deviation (A) or per
cent deviation (A%} measurement. For percent
deviation (A%), the key (37) must be pressed
before the AJ/A% key.

A €Delta): The difference between the measured
value of the DUT and a previously
stored reference value is digplayed by
pressing this key. The formula used to
caleulate the deviation is

A-B
where A is the measured value of the
DUT and B is the stored reference
value

A% The difference between the measured
value of the DUT and a previously
stored reference value is displayed as a
percentage of the reference value.
The formula used to calculate the per-
cent deviation is

A-B
B

X 100 (%)

where A is the measured value of the
DUT and B is the stored reference
value.

CHANNEL B (TEST INPUT) Connector:

Used in conjunction with CHANNEL A () and
0SC OUTPUT (1) in transmission characteristics
measurements, i.e., gain/loss (B—A), level (A or
B), phase, group delay. Output port of the net-
work under test is connected to this connector.
Input impedance is 1 MQ + 2%, shunted by 25 pF
t 5 pF. Maximum input voltage is AC 2 Vrms
and DC = 35V,

CHANNEL A (REFERENCE INPUT) Connector:
Used in conjunction with CHANNEL B and
OSC OUTPUT @ in transmission characteristics
measurements, i.e., gain/loss (B—A), level (A or
B), phase, group delay. The 5 Hz — 13 MHz signal
from OSC OUTPUT (i1) is simultaneously applied
to the input port of the network under test and
this connector. Input impedance, shunt capa-
citance, and maximum input voltage of CHAN-

NEL A are the same as those of CHANNEL B{z).

CABLE LENGTH Switch:

This switch has meaning in impedance measure-
ments only. It facilitates balancing of the measuz-
ing bridge circuit and minimizes measurement
errors when the standard 1 meter test leads are
used.

1 m: Set the switch to this position when using
the standard 1 meter test leads. Appropriate
compensation is made for propagation delay
and phase error caused by the test leads in
high freguency measurements.

0: Set the switch to this position when using a
direct attachment type test fixture (connects
to the UNKNOWN terminals (G2)).

OSC QUTPUT Connector:

Used in conjunction with CHANNEL A (9) and
CHANNEL B in transmission characteristics
measurements, i.e., gainfloss (B—A}, level (A or B),
phase, group delay. Provides a 5Hz to 13 MHz
stimulus signal for the network under test {(output
of network is connected to CHANNEL B (8)) and
the reference signal for CHANNEL A (9). Output
impedance is approximately 50£2,

UNKNOWN Terminals:

Used for impedance/phase measurements — | 21,
iIYl, R, G, L, C, X, B, phase — these four BNC
connectors provide the means to connect DUT’s
-~ components or networks ~ in a four terminal
pair configuration: High current terminal (Heyr),
High potential terminal (Hpot), Low current
terminal {Lecyr), and Low potential terminal
(LpoT). Pour terminal pair test fixture attaches
directly to these terminals.

GROUND Terminal:

This terminal is tied to the instrument’s chassis
ground and can be used in measurcments that
require guarding,

Figu're 3-2, Front Panel Features {Sheet 2 of 10)
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m A1928 LF IMPEDANCE ANALYZEH Sur- lus:
WERLETT - bairany

D3EPLAY A

THEPLAY 8

i -

These four LED lamps — SRQ, LISTEN, TALK,
and REMOTE — indicate the status of the 4192A
when it is interfaced with a controlier via the
HP-IB.

The LOCAL key, when pressed, releases the in-
strument from REMOTE (HP-IB) control and
enables front-panel control. The LOCAL key
does not function when the instrument is set to
local lockout by the controlier.

DISPLAY A Funciion Seiect Keys and Indicators:
These keys — and - are used in con-
junction with the CIRCUIT MODE keys 27) to
select the primary measurement parameter for
display on DISPLAY A. The seleciable parameters
are [ZIfIY], R/G, L, C, B-A (dB), A (dBm/dBV),
or B (dBm/dBV). The selected parameter is in-
dicated by the corresponding LED lamp. Pressing
either of these keys shifts the selected parameter
in the indicated direction( (] , ).

{ZI/1Y1: When CIRCUIT MODE (2)) is set to
AUTO or otaws , the instrument
measures |1 Zi (absolute value of the
DUT’s impedance) and 6 {phase angle)
in degrees or radians {(depends on DIS-
PLAY A Function setting); the
resulis are displaved on DISPLAY A
(1Z 1y and DISPLAY B (8) to provide
a polar representation (1Z148) of the
DUT*s impedance. When CIRCUIT

| HNE FDISPLAT & B DIG Y B8 T PARAMETER T T ﬂlﬁl\"_m"— ENTERT ~ SWEER ™)
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@@@QQ@ @O 80 58 o Hop 009
b RHSI 35V “ax
HP-IB Status Indicators and LOCAL key: MODE (77) is set to off1e | the inst-

R/G:

rument measures Y| (absolute value
of the DUT’s admittance) and # (phase
angle) in degrees or radians; the re-
sults are displayed on DISPLAY A
(1Y) and DISPLAY B (8) to provide
a polar representation (1Y 128) of the
DUT’s admittance.

When CIRCUIT MODE @ is set to
o the instrument measures R
(resistance of the DUT) and X (react-
ance of the DUT); the results are dis-
played on DISPLAY A (R) and DIS-
PLAY B (X) to provide a rectangular
(Cartesian) representation (RjX) of
the DUT’s impedance.

Wher CIRCUIT MODE (27} is set to
oftdte , the instrument measures G
{conductance} and B (susceptance};
the results are displaved on DISPLAY
A {G) and DISPLAY B (B) to provide
a rectangular (Cartesian) representa-
tion (G # jB) of the DUT’s admittance.

Measures inductance and — depending|
on the setting of DISPLAY B Func-
tion (&) — Q (quality factor), D (dis-
sipation factor), or R/G (equivalent]
series resistance or equivalent parallel
conductance [to measure G, CIRCUIT

MODE (27) must be set to ~Lige;

Figure 3-2. Front Panel Features {Sheat 3 of 10)



Modei 4192A

Section 111
Figure 3-2

the results are displayed on DISPLAY
A and DISPLAY B, respectively.

C: Measures capacitance and — depending
on the setting of DISPLAY B Func-
tion — Q (quality factor), D (dis-
sipation factor, or R/G (equivalent
series resistance or equivalent parallel
conductance [to measure G, CIRCUIT
MODE (27) must be set to o[t 1);
the results are dispiayed on DISPLAY

~ A(3)and DISPLAY B@, respectively.

B-A (dB) : Measures the relative amplitude of the
reference input (CHANNEL A () and
the test input (CHANNEL B(8)). The
result is displayed on DISPLAY A(3).
Also measures group delay or phase in
degrees or radians (selected by DIS-
PLAY B Function ).

The value displayed on DISPLAY A
is the gain or loss of the network

under test. Group delay or phase is

displayed on DISPLAY B(a).

A (dBm/dBV) :

Measures the absolute amplitude of
the reference input {(CHANNEL A
(8)) in dBm or dBV (selected by GAIN
MODE Select key (6)). Amplitude
is displayed on DISPLAY A@

When this parameter is selected, DIS-
PLAY B Function has no select-
able parameters and DISPLAY B(a) is
blank.

B (dBm/dBV) :

Measures the absolute amplitude of
the test input (CHANNEL B );
identical to A (dBm/dBV) in alf other
respects.

DISPLAY B Function Select Key and Indicators:
This key, @ , is used in conjunction with the
CIRCUIT MODE keys (27) to select the secondary
measurement parameter for display on DISPLAY
B @ Selectable parameters are 0 (phase), Q
(quality factor), D (dissipation factor), R/G (equi-
valent series resistance or equivalent parallel con-
ductance), and GROUP DELAY. Phase (§) can
only be selected when DISPLAY A Function (i5)
is set to 1Z1/1Y! or B-A (dB); Q, D, and R/G,
only when DISPLAY A Function isset to L or C;
GROUP DELAY, only when DISPLAY A Func-
tion is set to B-A (dB).

.the indicated direction ( ).

The selected parameter is indicated by the corres-
ponding LED lamp.
Pressing this key shifts the selected parameter in

8 (deg) : Measures, in degrees, the phase angle
of 1Z1 (absolute impedance of the
DUT) or Y] (absolute admittance of
the DUT).

§ (rad) : Measures, in radians, the phase angle
of | Z|({absolute impedance of the
DUT) or 1Yl {absolute admittance of
the DUT).

X/B : These parameters are automatically
selected when DISPLAY A Function
@ is set to R/G. X is the reactance
of DUT’s impedance; B is the sus-.
ceptance of the DUT’s admittance.

Q: Measures the quality factor of the
DUT. DISPLAY A Function (i5) must
be set to L (inductance) or C {(capac-
itance).

D: Measures the dissipation factor of the
DUT. DISPLAY A Function (i5) must
be set to L (inductance) or C {capac-
tance).

R/G: Measures the resistance or conductance
of the DUT. DISPLAY A Function
@ must be set to L (inductance) or C
(capacitance). CIRCUIT MODE keys
@ determine which of the two para-
meters (R or () is selected.

GROUP DELAY:
Measures the group delay between the
reference input (CHANNEL A (2))
and test input (CHANNEL B(8)). Can
only be selected when DISPLAY A
Function (i5) is set to B-A (dB).

# (deg): Measures, in degrees, the phase differ-
ence between the reference input
(CHANNEL A (9)) and test input
(CHANNEL B ). Can onfy be
selected when DISPLAY A Funciion
(16) is set to B-A (dB).

§ (rad) . Measures, in radians, the phase differ-
ence between the reference input]
(CHANNEL A (9)) and test input
(CHANNEL B (8)). Can only be
selected when DISPLAY A Function
(15) is set to B-A (dB).

Figure 3-2. Front Panel Features (Sheet 4 of 10)
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(17) Test PARAMETER Select Keys and Indicators:

These keys are used in conjunction with the
DATA input keys (19), ENTER Kkeys (20), and the
BLUE key @ to assign values to the various test
parameters; to monitor the iest parameters; to
save and recall front-panel control settings; and to
input reference data for deviation and percent
deviation (A/A% @) measurements. Pressing a
test parameter key will cause the value of the
selected test parameter to be displayed on the
Test Parameter Data Display @ Lighted indi-
cator lamp (center of each key) indicates selected
fest parameter. Only one test paramefer can be
selected. Test parameters Iabelled in blue are
accessible by first pressing the BLUE key @

SPOT FREQ/BIAS:
For single point measurements. Sets
the spot frequency and spot bias.
When spot bias is set, BIAS ON In-
dicator (6) lights.

STEP FREQ/BIAS:
For swept measurements,
step (increment) frequency
{increment) bias.

START FREQ/BIAS :
For swept measurements.

start frequency and start bias.

STOP FREQ/BIAS :
For swept measurements.

stop frequency and stop bias.

OSC LEVEL :

Sets the voltage (rms) of the internal

frequency synthesizer.

REF A: For deviation and percent deviation
(AN A% @) measurements. Sets the
reference value for DISPLAY A,

REF B : For deviation and percent deviation

(A A% @) measurements. Sets the

reference value for DISPLA

Sets the
and step

Sets the

Sets the

Y B.

3-6
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TEST LEVEL MONITOR Key and Indicator:
Pressing this key displays the level of the test
signal applied to the DUT or, if the BLUE key
@ is first pressed, the current through the DUT
ont the Test Parameter Data Dispiay@ The ap-
propriate annunciator lamp will light.

DATA input Keys:

These keys {0 thru 9, decimal point, and minus
sign) are used to input test parameter values,
register numbers for SAVE @ and RCL
functions, and reference data for DISPLAY A
(REF A) and DISPLAY B (REF B) deviation
measurements (A/A% @ Data is displayed on
the Test Parameter Data Display@as it is input.
Each key has a control function — labelled in biue
above the key — which is accessible via the BLUE
key @ These control functions are explained

individually in thru .

ENTER Keys:
These keys instruct the instrument to read the
test parameter data and reference data set by the
PARAMETER Select keys (17) and DATA Input
keys . Data are not input until one of these
keys is pressed.

MHz, V : FEnters the value input from the
DATA Input keys in MHz for
frequency parameters or V for bias

parameters.

kHz, mV : Enters the value input from the
DATA Input keys in kHz for
frequency parameters or mV for bias
parameters.

Hz, REF DATA:
Enters the value input from the
DATA Input key (19) in Hz for fre-
quency parameters or as reference
data for deviation measurements.

RCL (Recall) Key:

This key is used to return the instrument to the
front-panel control settings, test parameter values,
calibration data (ZERO OPEN/SHORT (29)), and
reference date saved by the SAVE key @
DATA Input keys (19) O thru 4 are used to select
the desired register. For example, to return the
instrument to the control settings stored in
regigter 0, press E%EF and .

SAVE Key:

This key is used to save (store) froni-pane! con-
trol settings, test parameter values, calibration
data (ZERO OPEN/SHORT (29)), and reference
data, There are five registers (0 thru 4}, so five
sets of control seftings can be saved. And because
the registers are nonvolatile, saved control settings
can be recatled (RCL key @) even if the instru-
ment has been furned off. To store existing con-

GAVE /REF
trol settings, press | and enter the register

number from the DATA Input keys .

Figure 3-2, Front Panel Features (Sheet 6 of 10)
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@ SWEEP Control Keys and indicator:

These keys control the instrument’s sweep func-
tion. Frequency, bias voltage, and oscillator level
can be swept. (Oscillator level can be swept in
MAN. mode only.) BIAS ON Indicator@ must
be on for bias voltage sweep; off for frequency
sweep. The MAN AUTO key controls the sweep
mode. Indicator comes on in AUTO mode. The
functions of the other keys are described below

for each mode. For log sweep, press the LOG
SWEEP key (35).

AUTO

START UP .

Starts the frequency or bias voltage
sweep from the value set by the
START FREQ./BIAS test parameter
key @ Sweeps up at the increment
(step) set by the STEP FREQ./BIAS
test parameter key

Also restarts the sweep after aPAUSE.

PAUSE : Temporarily stops the sweep to aliow

the sweep step or sweep direction to
be changed. Sweep is restarted by
pressing the START UP or START
DOWN key.
START DOWN :

Starts the frequency or bias voltage
sweep from the value set by the STOP
FREQ./BIAS test parameter key @
Sweeps down at the increment (step)
set by the STEP FREQG./BIAS test
parameter key @ Also restarts the
sweep after a PAUSE.

MAN.

STEP UP : Each time this key is pressed, the fre-
quency or bias voltage is incremented
by the value set by the STEP FREQ./
BIAS test parameter key @ If the
OSC LEVEL or TEST LEVEL MON-
ITOR key is pressed, oscillator level
will be incremented by 1mV (when
level is less than 100mV) or 5mV

Figure 3-2, Front Panel Features {Sheet 7 of 10}
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{(when level is greater than 100mV) AUTO (when indicator is lit} :
gach time this key is pressed. Sweep Optimum range for the sampile value is
becomes continuous when this key is automaticaily selected.
pressed and held. MANUAL (when indicator is not lit) ;
X10 STEP Measurement range is fixed (even
This key is used with the STEP UP when the sample is changed). Manual
or STEP DOWN key. Holding ranging is done by pressing adiacent
this key down while pressing STEP UP DOWN ( ) or UP ( {&] ) key.
or STEP DOWN increases the sweep Note: Pressing DOWN ( Jor UP( @ ) key
step value by a factor of ten, . i .
sets the ranging mode to Manual even if
STEP DOWN : the ranging mode was set to AUTO,

Each time this key is pressed, the fre-
quency or bias voltage is decremented
by the value set by the STEP FREQ./
BIAS test parameter key @ If the
OSC LEVEL key or TEST LEVEL
MONITOR key is pressed, oscillator
level will be decremented by 1mV
{when level is less than 100mV) or
SmV (when level is greater than
100mV) each time this key is pressed.
Sweep becomes continuous when this
key is pressed and held.

TRIGGER:

These keys select the trigger mode for triggering
measuremnent (Internal, External or Hold/Manual):

INT - Internal trigger signal enables instru-
ment to make repeated automatic
measurements. Measurement speed
varies depending on the type of meas-
drement, oscillator frequency, and
whether normal, average, or high

speed is selected.

EXT . Measurement is triggered by external
trigger signal through rear panel EXT
TRIGGER input connector ((7)in
Figure 3-3).

HOLD/MANUAL :

Measurement is triggered each time
this key is pushed. Measurement data
is held until the next time the key is
pressed.

£Y RANGE Select Keys and Indicator:

In impedance measurements, these keys select the
measurement range and ranging method of the
absolute value of impedance (I1Z1: 1 £~ IM&Q)
or admittance (1Y : 10uS ~ 10u8).

GAIN MODE Selector Key:

In amplitude/phase measurements, these keys
select the appropriate unit for A (absolute ampli-
tude of reference input) and B (absolute amplitude
of test input).

éBm : Digplays absolute amplitude in dBm
(=20 log, V + 13.01).
dBV : Displays absolute amplitude in dBV

(=20 logys V)
CIRCUIT MODE Selector Key:

These keys select desired measurement circuit
mode to be used for R/G, C, or L measurement.

AUTO :  Automatically selects appropriate par-
allel or series equivalent circuit for
the sample value. When ZY RANGE
@ up-ranges from the 1k (10 ms)
range to 10k§) (Ims) range, circuit
mode changes from e-T-wrotoof T o .
When ZY RANGE down-ranges
from the 1008 (100ms) range to

10€2 (1s) range, circuit mode changes

from o{%-o RO s YTV

weo.  Selects equivalent series circuit.

ol e -
Note: In VZ|JIY | measurements, ranging does
not affect the measurement circuit mode.
CIRCUIT MODE keys are used to select
[ZLor 1Y, When the circuit mode is set
to AUTO oF e, |21 is selecred;

when the circuit mode is set IC)D%O ,
Y| is selected.

Selects equivalent parallel circuit.

Figure 3-2. Front Panel Features {Sheet 8§ of 10)
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BIAS OFF Key:

This key disables internal dc bias operation.
When this key is pressed, no dc bias is applied to
the DUT and BIAS ON indicator(s }goes off.

ZERQ Offset Keys and Indicators:

These keys perform compensation for the residuals
present in the test fixture, test leads, and meas-
urement circuit. ZERO offset can be performed
for one spot frequency only. If the spot frequen-

¢y in changed, ZERO offset must be performed
again. '
OPEN : If this key is pressed when the {fest
fixture or test leads are terminated
OPEN and the indicator is off, meas-
ured value at this time is stored as
residual admittance (G +jB) data and
the indicator comes on. While the
indicator is on, compensation for the
restduals is made.

Notg@ The nine secondary functions, rhm of the DATA Input keysare accessible by first pressing the BLUE
key

|
@

SHORT : If this key is pressed when the test
fixture or test leads are SHORTed and
the indicator is off, measured value at
this time is stored as residual imped-
ance (R +jX) data and the indicator
comes on. While the indicator is lit,
compensation for the residuals is
made.

AVERAGE Key and Indicator:

This key sets the 4192A to thé average measure-
ment mode, In the average measurement mode
(when the indicator is lit), measurement data has
a higher resolution and repeatability than meas-
urement data in the normal or high speed meas-
urement mode. This function is released by
repressing the key after pressing the Blue key @
or by setting the 4192A to the high speed meas-
urement mode @

3-10
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Section TH
Figure 32

@ HIGH SPEED Key and Indicator:

This key sets the 4192A to the high speed meas-
urement mode. In the high speed measurement
mode (when the indicator is lit), measurement
time is shorter (approximately 2) than the
measurement time in the normal measurement
mode. This function is released by repressing the
key after pressing the BLUE key @ or by setting
the 4192 A to the average measurement mode.

SELF TEST Key and Indicator:

This key initiates the instrument’s SELF TEST
function. During SELF TEST (when the in-
dicator is on), six tests, which check the basic
functional operation of the instrument, are auto-
matically performed. The results {(Pass or Fail)
are displayed on DISPLAY A@ When the SELF
TEST is completed, this mode is released auto-
matically and normal measurement mode (indi-
cator is off) is set.

X-Y RECORDER Function Keys and Indicator:

These keys control the instrument’s analog out-
put capability. Voltage proportional to the
measurement results is output from the X-Y
RECORD OUTPUT connectors (see (11) in Figure
3-3) located on the instrument’s rear-panel.
Graphs can be plotted with this capability.

ON : Analog data representing the meas-
urement results and test parameter
value (frequency/bias} are output
from the DISPLAY A, DISPLAY B,
and FREQ./BIAS RECORDER OUT-
PUTS on the rear-panel, Indicator
lamp is on in this state.

OFF . No analog data is output, and X-Y Re-
corder zero- and full-scale adjustments
can be made. Indicator lamp is off in
this state.

I LI Provides a reference voltage (0V) from
¢ach rear-panel RECORDER OUT-
PUT. Used for zero-scale adjustment
of the X-Y Recorder. When this key is
pushed, the recorder pen will be
positioned at the Jowerleft (X and Y

are zero) of the plot area.

UR 7% :  Provides a reference voltage (1V) from
each rear-panel RECORDER OUT-
PUT. Used for fullscale adjustment
of the X-Y Recorder. When this key is
pushed, the recorder pen will be posi-
tioned at the upper-right (X and Y are
maximum} of the plot arca.

STORE DSPL A/B Key:

This key simultaneousty memorizes the measured
values displayed on DISPLAY A (3) and DIS-
PLAY B @ as reference values for deviation
measurement.

L.LOG SWEEP Key and Indicator:

This key sets the log sweep mode. In the log
sweep mode {(when the indicator is on), the fre-
quency is swept at 20 steps/decade. The steps are
automatically selected at logarithmic regular
intervals between the decade of the START fre-
quency and the decade of the STOP frequency.
STEP. FREQ. has no meaning in log sweep. This
function is released by repressing the kev (after
pressing the BLUE key @}.

SWEEP ABORT Key:

This key releases sweep frequency (bias voliage)
measurement and activates a spot frequency
measurement at the frequency (veltage) point
where the sweep is aborted.

BLUE Key:

This key is pressed prior to pressing a blue label
function key to interchange 2 normal key func-
tion with a blue label function.

This key is pressed to access and release the func-
tions and test parameters labeled in blue on the
Test PARAMETER keys (17), DATA Input keys

, and the A/A% keys@.

Figure 3-2. Front Panel Features {Sheet 10 of 10)
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VCO OUTPUT Connector:

Female BNC connector; outputs 2 40.000005MHz
to 53MHz signal from the internal synthesizer.
This connector is normally connected to the EXT
VCO connector@ with a short-connector.

EXT VCO Connector:

Female BNC connector; receives a 40.000005 MHz
to 53MHz (input level: 0dBm ~ 3dBm) signal
to generate the measurement frequency (5Hz to
13MHz). This connector can be connected to an
external frequency synthesizer for better ac-
curacy, stability, and resolution; or to the instru-
ment’s intemnal synthesizer. Normally connected
to the VCO OUTPUT connector@ with a short-
connector.

EXT REFERENCE Connector:

Female BNC connector; receives a IMHz or
10MHz reference signal from an external signal
source to improve the stability of the internal

synthesizer. Input impedance is approximately
5082.

TMHz QUTPUT Connector:

Female BNC connector; outputs a 1MHz square
wave (1.6 Vp-p) to phase-lock external instru-
ments. Output impedance is approximately 50€2.

HP-1B Control Switch:

This switch sets the instrument’s HP-IB address
(0 ~ 30), data output format (A or B), and inter-
face capability (Talk Only or Addressable).
Specific information on this switch is given in
paragraph 3-117.

HP-1B Connector:

Twenty-four pin connector; connects the instra-
ment to the HP-IB for remote operations.

EXT TRIGGER Connector:

This connector is used to externally frigger the
instrument by inputting an external trigger signal.
TRIGGER kev on front panel should be set to
EXT. Specific information is provided in paras-
graph 3-22,

3-12
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Figure 3-3

~ LINE VOLTAGE SELECTOR Switch:

These switches select the appropriate ac
operating voltage, Selectable voltages are
100V/120V £10% and 220V £10%/240V 5%
-10% (48 v66Hz), Refer to paragraph 2-8.

~ LINE FUSE Holder:

Instrument’s power-line fuse is installed in this
holder.

100V/120V operation : 1,25AT, 250V
(HP P/N: 2110-030%)
220V/240V operation © 0.6AT, 250V
(HP P/N: 2110-0016)
Refer to paragraph 2-8,

~ LINE Input Receptacle:

AC power cord is connected to this receptacle.
Refer to paragraph 2-10.

RECORDER CQUTPUTS Connectors:

These connectors output dc voltages proportional
to the measurement display outputs and test fre-
quency (or intermal dc bias voltage), and a pen
control signal for the X-Y recorder. Results of
swept (frequency of bias) measurements can be
plotted by connecting an X-Y recorder to these
connectors.

PEN LIFT connector :
'Ou’sputs pen up/down control signal.
When the 4192A is set as follows, this
connector cuiputs a LOW level TTL
signal (pen down).

(1) X-Y RECORDER key on the
front-panel is sef to ON.

(2y START UP key or START
DOWN key is pressed when X-Y
RECORDER and SWEEP MAN/
AVUTO keys on the front-panel are
set to ON.

At other times, this connector outputs
a HIGH level TTL signal (pen up).

FREQ/BIAS connector :

Outputs voltage proportional to the
test frequency or internal dc bias volt-
age {from 0V at START frequency/
voltage to 1V at STOP frequency/
voltage). The output voltage is pro-
portional to the logarithm of the fre-
quency when LOG SWEEP is set to
ON.

DISPLAY B connector :
Outputs voltage proportional to the
value displayed on DISPLAY B.
Normalized value is IV {max.).
DISPLAY A connector :
Outputs voltage proportional to the
value displayed on DISPLAY A. Nor-
malized value is 1V (max.).

Refer to paragraph 3-121 for specifics.

Figure 3-3. Rear Panel Features (Sheet 2 of 2}
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3-7. SELF TEST

3-8, The 4192A is equipped with an automatic self
dagnostic function that can be initiated at any time to
confirm normal operation of the instrument’s basic
functions. The SELF TEST can be initiated from the
front-panel by pressing the BLUE key and the SELF
TEST key, or via HP-IB remote control {program code
§1). When the SELF TEST is initiated (indicator lamp is
on}, the six tests listed in Table 3-1 are automatically
performed and the results (pass code or one of the error
codes listed in the table) are displaved on DISPLAY A.
If no errors are detected, PASS is displayed on DIS-
PLAY A and the instrument is returned to normal
measurement mode (SELF TEST indicator is off). If
an error is detfected, the corresponding error code is
displayed on DISPLAY A and the SELI TEST stops.
If the instrument fails the SELF TEST, contact the
nearest Hewlett-Packard Service Office (see list at back
of this manual).

Note: An abbreviated SELF TEST, which includes test
I (one second only), 2, 3, and 6 (at 100 kHz only)
Of the standard SELF TEST, is performed each
time the instrument is turned on, During this
abbreviated SELF TEST, only error codes are
displayed,

Model 41G2A

3-3.  Initial Control Settings

3-10. To facilitate operation, the instrument is autfo-
matically set to the following initial control settings each
time it is turned on:

Panel Controls :

DISPLAY A ... o e tzi
DISPLAY B ... ... . i f (deg)
Test Parameter Data Display .. SPOT FREQ
BIAS ... OFF
ZEROOPEN .................... OFF
ZEROSHORT ............. ... OFF
AVERAGE .. ... ... ... ... .... OFF
HIGHSPEED . ......... . ot OFF
SELFTEST ... ... . ... ... ..., OFF
XY RECORDER . ... ......... ... OFF
LOGSWEEP ... ... ... . . OFF
SWEEP .. ... ... ... i, OFF
CIRCUITMODE ........ AUTO ( owo)
GAINMODE .................... dBm
ZYRANGE. ....... ... .. ... ... AUTO
TRIGGER ........ .. ... .. .. INT
AN OFF

Table 3-1. 4192A SELF TEST
. Display
Test Number Description Pass Fail
All numerical displays and indicator lamps on the front-panel come on
1 and remain on as long as the SELF TEST key is being pressed, Check P-01*
that all displays and indicator lamps are on.
2 Checks four RAM’s (Random Access Memory). P02 E-20,E-21
3 Checks fourteen ROM’s (Read Only Memory). P03 E-30 ~ E-43
4 Checks that the interrupt signal is present and that it is of the correct P-04 E-50, E-51
frequency.
5 Checks the integrator in the VRD (Vector Raito Detector) circuit, P-05 E-61, E-62
6 Checks that the frequency setting of the intemnal synthesizer is normal- P-06 |E-70, B-71, E-72
ly done at cach decade.
*P-01 indicates that test 1 has been completed. It does not mean that the instrument has passed test 1. The
operator must determine whether the instrument has passed or failed this fest.

3-14
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Test Pararmeters :

SPOTFREQ................... 100kHz
STEPFREQ ......... ... .. .. ... 1 kHz
STGPFREQ......... ... ... ... 13MHz
STARTFREQ ... ... ... ... 5Hz
OSCLEVEL................. ... 1Vims
SPOTBIAS ... ... .. .. .. L, ov
STEPBIAS . ... ... .. L 1V
STARTBIAS ....... ... ... ... -35V
STOPBIAS ... .. .. ... . ... o0, +35V
REFA ... ... ... 0
REFEB ... .o 0

3-11. Displays

3-12. The 4192A has three display sections: DISPLAY
A, DISPLAY B, and a Test Parameter Data Display (here-
inafter called DISPLAY C). DISPLAY A and DISPLAY
B are the primary displays; they are described in para-
graphs 3-13 and 3-14, respectively. DISPLAY C is
described in paragraph 3-15. The BIAS ON Indicator is
described in paragraph 3-16.

3-13. DISPLAY A provides direct readout of the
primary -measurement parameter in amplitude/phase
measurements and impedance measuremenis.

In impedance measurements, DISPLAY A displays the
absolute value of the vector impedance, 1Z1; the absolute
value of the vector admittance, Y !, resistance, R; con-
ductance, G; inductance, L; or capacitance, C. In ampli-
tude/phase measurements, DISPLAY A displays the
measured value of B-A (dB), the gain or loss between
CHANNEL A and CHANNEL B; A (dBm/dBV), the
amplitude of the signal input to CHANNEL A; or B
(dBm/dBV), the amplitude of the signal input to CHAN-
NEL B.

All values are displayed with a maximum of 4% digits,
The actual number of display digits depends on the
setting of other control functions such as OSC LEVEL,
ZY RANGE, eic. Maximum display is 19999 for in-
ductance and capacitance measurements; 12999, for all
other parameters. Decimal point and the appropriate unit
annunciator (e.g., pF, mH, uS, M&) are also displayed.
If the selected measurement cannot be made, because the
vaiue of the DUT is outside the instrument’s measure-
ment range or because the front-panel controls are in-
correctly set, one of the following will be displayed.

OF1 ——
OF2 E-06
UCL E-07

Refer to Tables 3-2 and 3-3 for the meaning of each of

Section HI
Paragraphs 3-11 to 3-17

these annunciations. When a SHORT or OPEN ZERO
offset adjustment is being made, CAL is displayed. DIS-
PLAY A also displays the pass and error-codes (P-01
through P-06 and E-20 through E-73) related fo the
instrument’s SELF TEST function. Refer to Table 3-4
for the meanings of SELF TEST error-codes E-20 through
E-73.

3-14. DISPLAY B provides direct readout of the
secondary measurement parameter in amplitude-phase
measurements and impedance measurements. This dis-
play is blank when DISPLAY A function is set to A
(dBm/dBV) or B (dBm/dBV).

In impedance measurements, DISPLAY B displays the
value of the impedance/admittance; phase angle, 6
{degraes or radians); reactance, X; susceptance, B
quality factor, Q; dissipation factor, D; resistance, R; or
conductance, G.

In amplitude/phase measurements, DISPLAY B displays
gither group delay or phase difference, § (degrees or
radians).

Refer to paragraph 3-13 for specifics on number of digits,
maximum display, unit annunciators, etc.

If the selected measurement cannot be made, OF2 or
- —— is displayed. Refer to Table 3-3 for the meaning
of these annunciations.

3-15. DISPLAY C displays all test parameter data —
SPOT FREQ/BIAS, STEP FREQ/BIAS, START FREQ/
BIAS, STOP FREQ/BIAS, OSC LEVEL, TEST LEVEL,
znd REF A or REF B value. Frequency is displayed with
a maximum of 7% digits; BIAS, OSC LEVEL, and TEST
LEVEL are displayed with a maximum of 4 digits; and
REF A and REF B values are displayed with a maximum
of 4% digits. Error-codes displayed on DISPLAY C are
discussed in paragraph 3-17.

3-16. The BIAS ON Indicator comes on to warn the
operator that the instrument is applying a dc bias voltage
across the DUT.

3-17. Error-codes and annunciations related to operator
error and out-of-range measurement are listed and de-
scribed in Tables 3-2 and 3-3, respectively. Error-codes
for errors detected during SELF TEST are listed and de-
scribed in Table 3-4. If the instrument fails the SELF
TEST, i.c., if one of the error-codes listed in Table 3-4 is
displayed on DISPLAY A, contact the nearsst Hewlett-
Packard Sales/Service Office.

3-15
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Table 3-2. Operational Errror-codes

Error-code Meaning
E-01 An attempt was made to input a fest parameter value or reference value that is out-of-range.
AUTO SWEEP was attempted when the selected test parameter was REF A, REF B, OSC
E-02 LEVEL, or TEST LEVEL MONITOR; or MAN SWEEP was attempted when the selected test
parameter was REF A or REF B,
F03 AUTO or MAN SWEEP was attempted when the STOP FREQ. (or BIAS) is lower than the
START FREQ. (or BIAS).
.04 MAN SWEEP was attempted when the SPOT FREQ. (or BIAS) is lower than the START FREQ.
(or BIAS) or higher than the STOP FREQ. (or BIAS).
E-05 The STORE DSPL A/B key was pressed when DISPLAY A and/or DISPLAY B is set to A/A%
’ measurement or is displaying OF1, OF2, UCL, or — — —.
EOs REF A, REF B, A, or A% key was presse¢ when no reference data for the deviation measure-
ment is stored. :
EQ7 ZERO OPEN or ZERO SHORT operation could not be properly performed.
E-08 SAVE 5~ 9 or RCL (Recall) 5~ 9 was attempted (only memory locations 0~ 4 are avaiiable).
E-09 RCL (Recall} was attempted on an empty memory.
E-10 In swept frequency measurements of Group Delay, STEP FREQ. is too low for the START
FREQ./STOP FREQ. sweep range.
Table 3-3. Annunciations (Sheet 1 of 2)
DISPLAY Meanings
A B DISPLAY A DISPLAY B
OF} S —— Measured value of |Z| or |Y] ex- | Measurement cannot be performed,
ceeds 130% of full scale of the ZY
RANGE.
OF2 Significant value | Measured value exceeds 200% of full | Measurement is performed correct-
scale of display range. ly.
Significant value OF2 Measurement is performed correct- | Measured value exceeds 200% of
Iy. full scale of display range.
OF2 OF2 Measured value exceeds 200% of full | Measured value exceeds 200% of
scale of display range. full scale of display range.
*]
UCL —— The instrament’s internal measure- | Measurement cannot be performed.
ment circuit is saturated.
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Table 3-3.  Annunciations {Sheet 2 of 2)

DISPLAY Meanings
A B DISPLAY A DISPLAY B
Significant value . Measurement is performed correct- | Measurement cannot be performed
by. becauss:

@When function is set to 8, Q, or
D, the measured value of 1Z]or
[Y lis less than 5% of full scale
of the ZY RANGE.

(2)When GROUP DELAY measure-
ment is being performed, the
test frequency to be automati-
cally selected next is outside
the selectable fest frequency
range (5Hz and 13MHz).

——— e Auto ranging of ZY RANGE s being performed.

Significant value Blank Measurement is performed correct- | DISPLAY B function is blank when
ly. DISPLAY A function is set to A
{(dBm/dBV) or B (dBm/dBV).

CAL Blank ZERO offset adjustment is being performed.

*1. When the measuring frequency is set to 10MHz or above and ZY RANGE is held, measured values output
500ms after DISPLAY A indicates *UCL” are invahd.
*) . Specific information on GROUP DELAY measurement is provided in paragraph 3-63.

Table 3-4. SELF TEST Errorcodes

Display Meaning

E-20, E-21 One of the four RAM’s (Random Access Memory) is not functioning properly.

E-30 ~ E-43 One of the fourteen ROM’s (Read Only Memory) is not functioning properly.

E-50, E-51 The line frequency detection circuit is not functioning properly.

E-61, E-62 Integrator in the VRD (Vector Ratio Detector) is not functioning properly.

E-70, E-71, E-72| Internal synthesizer is not functioning properly.




Section 1l Model 4192A
Paragraphs 3-18 to 3-21

3-18. Test Signal (1) NORMAL Measurement Mode:
This mode is automatically set each time the
3-19. The internal! freguency synthesizer provides a instrument is turned on. In this mode, the in-
sinusoidal wave test signal that has an accuracy of 55 ppm. tegration time of the insirument’s A/D converter
The frequency range is from 5Hz to 13 MHz, and signal is equal to the period of the Lne frequency. Line
level is 5SmVrms to 1.IVrms. The test signal is output frequency ripple on the dc voitage used for in-
from the OSC QUTPUT connector (Heyr of the UN- tegration is rejected (filtered).
KNOWN terminals) on the front-panel. Test frequency {2y HIGH SPEED Measurement Mode-
and test level range, resolution, and accuracy are given in This mode is set by pressing the HIGH SPEED
Table 3-5. key. Measurement speed in this mode is approxi-
Note: Test signal accuracy, stability, and resolution can mately twice that of the NORMAL mode; how-
be improved by connecting an external frequency ever, resolution is reduced and accuracy is not
synthesizer to the EXT VCO connector on the specified. Integration time is 2.5ms. Line fre-
rear-panel Specific information on measurements quency ripple is not rejected (filtered).
using an external synthesizer is given in paragraph (3} AVERAGE Measurement Mode:
3-137. This mode is set by pressing the AVERAGE key.

Resolution, accuracy, and repeatability in this
mode are much better than in NORMAL mode or
HIGH SPEED mode. The displayed measurement
value is the average of seven measurements. In-
tegration time is 10 times the period of the line
frequency. Line frequency ripple is rejected
‘(filtered).

Note: In impedance measurements, the level of the test
signal across the DUT depends on the impedance
of the DUT. To monitor the actual level of test
signal acrass the DUT, press the TEST LEVEL
MONITOR key. (Refer to paragraph 3-91 for
specifics.)

Note: Measurement times for each mode at each
3-20. Measurement Modes DISPLAY A/B function setting are given
in paragraph 3-55 for amplitude/phase
measurements and in paragraph 3-89 for
impedarce measurements.

3-21. The 4192A has three selectable measurement
modes: NORMAL, HIGH SPEED, and AVERAGE.

Table 3-b.  Frequency and QOutput Level of Test Signal

“ﬁ\‘“‘““xx\\_‘__ Setting Range Resolution Setting Accuracy*l
S5Hz ~ 10kHz 1mHz
10Hz ~ 100kHz 10mHz
Measurement Frequency Setting Value £50ppm.
100kHz ~ 1MHz 100mHz
IMHz ~ 13MHz 1Hz
o _ SHz ~ 1MHz: (5+ 10/fY% + 2mV
v Smvims ~ 100mVims | ImVims | e NH. (44 1.50)% + 2mV
OSC Output Level
- SHz~ IMHz: (5+10/0)% + 10mV
160mVrms ~ 1.1Vrms SmVrms IMHz ~ 13MHz: (4 + 1.5F)%+ 10mV

LAt 23°C 5°C,

*2 . UNKNOWN terminals open (impedance measurements) or terminated with 500 (amplitude/phase measure-
ment), {: measurement frequency (Hz), F: measurement frequency (MHz).
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3-22. Trigger Modes

2.23. The 4192A has three selectable trigger modes:
INTERNAL, EXTERNAL, and HOLD/MANUAL.

(1) INTERNAL Trigger Mode:
In this mode, measurement is automatically and
repeatedly triggered. Trigger speed depends on
the type of measurement, test frequency, and
measurement mode.

(2) EXTERNAL Trigger Mode:
Measurement is triggered by applying a TTL level
pulse to the EXT TRIGGER connector on the
rear-panel. Refer to Figure 3-4 for specifics.

(3) HOLD/MANUAL Trigger Mode:
Measurement is triggered each time the HOLD/
MANUAL key is pressed. Measurement data is
held until the next time the key is pressed.

Note: Measurement can also be triggered via the
HP-IB. Refer to Figure 3-38.

Triggering in EXT and HOLD/MANUAL
modes must be slow enough to allow the
instrument to complete each measure-
ment, If a trigger signal is received before
measurement is completed, it is ignored.

Note:

Vin

Vil == — =

Input Levels . 2V <V <5.5V

OV < Vi, <0.6V

Maximum 1mA
(at Vig =5.5V)

Low Level Input Current: Maximium -0.6mA

Input Current :

(Vi =0.4V)
Pulse Width . Tp = I msec
Trigger Timing : Leading Edge

Figure 3-4. External Trigger Pulse

Section HI
Paragraphs 3-22 to 3-28

3-24. Setting Test Parameters

3-25. The 4192A provides eleven test parameters. They
are listed, along with range and resolution, in Table 3-6.
Use the following procedure to set the value of these
parameters:

(1) Press the desired PARAMETER key.

(2) Set the desired value with the DATA keys. The
set value will be displayved on DISPLAY C.

(3) Press the appropriate ENTER key to enter this

value.

Note: Pagrameter values can also be set via the
HP-IB. Refer to paragraph 3-123 for
specifics, )

Note: If the parameter value is oul-of-range

{see Table 3-6), E-01 will be displayved
on DISPLAY C for approximately one
second and the previous value is retained.

3-26. Deviation Measurement

3-27. When many components of similar value are to be
tested, it may be more practical to measure the difference
between the value of the component and a predetei-
mined, or ideal, reference value than measuring the DUT
value itself. When the purpose of the measurement is to
observe the change of a component’s value versus changes
in temperature, frequency, bias, etc., a direct measure-
ment of this change (deviation) makes examination more
meaningful and easier.

3-28. Deviation measurements can be made for either
or both DISPLAY A and/or DISPLAY B parameter meas-
urements. There are two methods of inputting reference
values for deviation measurements: 1) input the refer-
ence value using the DATA Kkeys, or 2) input the meas-
ured value of the reference component by pressing the
STCORE DSPL A/B key. Deviation is displayed as either
the deviation (A) from the reference value or the percent
deviation (A%).

(1) Deviation Measurement A (Delta):
The difference between the measured value of the
DUT and a previously stored reference value
{REF A or REF B) is displayed. The formula
used to calculate the deviation is
A—B

where A is the measured value of the DUT and B
is the stored reference value.
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Table 3-8. Test Parameters

Parameter Description Range
SPOT FRE The spot f
Q ¢ Spot Ireauency Range : 5Hz ~ 13MHz
START FREQ The start frequency for swept frequency Resolution : 1mHz at 5Hz ~ 10kHz;
measurements 10mHz at 10kHz ~ 100kHz;
¢ 100mHz at 100kHz ~ 1MHz,
STOP FREQ The stop frequency for swept frequency 1 Hz at 1 MHz ~ 13 MHz
measurements
STEP FREQ The step frequency for swept frequency Range: I'mHz ~ 13MHz
measurements Resclution: 1mHz at 1 mHz ~ 10kHz;
10mHz at 10kHz ~ 100kHz;
100mHz at 100kHz ~ 1 MHz;
1 Hz at } MHz ~ }3MHz
SPOT BIAS The spot bias voltage.
Range: =35V ~+35V.
START BIAS The start voltage for swept voltage measure- | Resolution: 10mV.
ments
STOP BIAS The stop voltage for swept voltage measure-
ments
STEP BIAS The step voltage for swept voltage measure- Range: 10mV" 35V,
ments Resolution: 10mV.
OSC LEVEL The level (rms) of the signal output by the Range: 5mV ~1.1V.
internal synthesizer Resolution: 1mV at SmV ~ 100mV;

SmVat 100mvV~ 1.1V

REF A The reference value for DISPLAY A devia-
tion measurements
REF B The reference value for DISPLAY B devia-

fion measurements

Range and resolution are the same as those of
the DISPLAY A/B parameter.

(2} Percent Deviation Measurement A% (Delia Per- 3-28. Use the following procedure to perform deviation
cent): measurements:
The difference between the measured value of the (1) Set the front-panel controls for normal amplitude-
DUT ‘and a previously stored reference value phase or impedance measurement. (Basic proce-
(REF A or REF B} is displayed as a percentage of dure for amplitude-phase measurement is given
the reference value. The formula used to calcu- in Figure 3-10, and in Figure 3-30 for impedance
late the percent deviation is measurements. )
A - B v 100 @) (2) Press the BLUE key and the REF A or REF B

3-20

where A is the measured value of the DUT and B
is the stored reference value.

key. At this time, the previously stored reference
value or E-06 will be displayed on DISPLAY C,
E-06 simply means there is no reference data for
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the selected display function; ignore it and pro-
ceed to step 3.

(3) Enter the desired reference value using the
numeric DATA keys. (E-06 annunciation will dis-
appear.) This value will be displayed on DIS-
PLAY C.

(4) Press the ENTER key labeled REF DATA. This
stores the value displayed on DISPLAY C as the
reference value.

Note: To store the measured (displayed) value
of a reference sample (DUT) as reference
data, use the following procedure.

fa) Connect the sample to the instrument and
make one measurement.

(b) Press the BLUE key and the STORE
DSPI, A/B key. The values displayed on
DISPLAY A and DISPLAY B will be
stored as REF A and REF B daia, respec-
tively.

{5} Press the A/A% key on DISPLAY A and/or DIS-
PLAY B. The value displayed on the display (A
or B) is the difference (deviation) between the
stored reference value and the measured value.
For percent deviation measurement, press the
BLUE key before pressing the AJA% key.

Note: Reference data stored for ome measure-
ment function cannot be used for another
measurement function, that is, reference
data stored for an impedance measure-
ment cannot be used for a resistance
measurenent.

3-30. Continuous Memorization of Control Settings
{SAVE and RCL Functions)

3-31. The 4192A is equipped with five non-volatile

Section Il
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storage registers, These registers are used to store five
different, frequently used front-panel contro! settings.
Stored control settings are preserved (not erased) in the
registers even when the instrument is turned off.

Frequently used controf settings can be saved and then
recalled instead of having to reenter the measurement
conditions each time. This feature improves efficiency in
applications where repetitive measurements are made,

Almost all front-panel control settings and test parameter
sattings, including reference data and zero calibration
data, can be saved. Exceptions are listed below.

HP-IB status

DISPLAY A/B measurement data
LINE OFF/ON

CABLE LENGTH

BIAS ON

SPOT BIAS

3-32. Use the following procedure to save and recall
a measurement condition:

(1} Set the front-panel controls and test parameters
as desired.

{2) Press the SAVE key and the register number
(0-4). All front-panel contrel settings and test
parameter settings are now saved, or memorized,
in the specified register.

(3) To restore the instrument to the control settings
and test parameters saved in step (2), press the
RCL key and the register number.

3-33. The instrument is equipped with two rechargeable
batteries that provide power for the storage registers
when the instrument is turned off. They are automatical-
Iy recharged while the instrument is turned on. Specifica-
tions are given below.

OCperating time: 7300 hours (typical) after full
charge.

Recharge time: Time required to fully recharge

the batteries is 200 hours.

Lifetime: 5 years {at 25°C).
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3-34. AMPLITUDE/PHASE MEASUREMENT

3-35. The Mode! 4192A LF Impedance Analyzer can
accurately measure the gain/loss, phase, group delay and
fevel of many types of circuits. It displays all measured
parameters with 4% digit numeric displays. The built-in
frequency svnthesizer can be set to any test frequency
between 5.000Hz and 13.000000MHz, and can be
swept within that frequency range with 1mHz (maxi
mum) resclution. Instructions for amplitude/phase meas-
urements are given in paragraph 3-34 to 3-66.

3-36. Measurement Functions

3-37. Most amplitude-gain measurements are based on
relative measurements where the signals at the input and
output ports of a network are compared to determine
how the network behaves as a signal processor. The
4192A simultaneously measures two independent, com-
plementary parameters in each measurement cycle. These
measurement functions are classified, for display purpose,
into two groups: DISPLAY A and DISPLAY B func-
tions, as given in Table 3-7. Measurement results can be
displayed as deviation or percent deviation from stored
reference values. Deviation measurements are described
in paragraph 3-26.

3-38, Measurement Ranges

3-39. The 4192A can measure transmission parameters,
gain/loss (B—A), level (A/B), phase (&) and group delay,
over the measurement ranges listed in Table 3-8,
Measurement resolution, also listed in the table, are for
NORMAL and AVERAGE measurement modes.
Resolution in HIGH SPEED measurement mode is one
digit lower than these values,

Model 4192A

Table 3-B. Measurement Range for Amplitude-
Phase Measurements
Me:surement Measurement Resolution
unction Range
GdB ~ % 20dB 0.001dB
B-A £ (20dB ~ 100dB) 0.01dB
+13.8dBm~- 20dBm | 0.001dBm
AMB @Bm) 0 bm~~ 87dBm | 0.01dBm
+ 0.8dBV ~ ~ 20dBY 0.001dBV
A/B@BY) s BV~ 100dBV | 0.01dBV
0.0001 us ~ 1.9999 us 100ps
0.001 s ~ 19.999us Ins
0.01us~ 199.99us 10ns
D(éliggzi 0.0001 ms ~ 1.9999ms 100ns
0.00Ims~ 19.999ms 1us
0.01ms ~ 19%.99ms 10us
0.0001s ~ 1.99995 100 us
0.001s ~ 19.9995 Ims
8 (deg) 0° ~+ 180° 0.01°
-~ 1.000 0.001
9 (rad} - 1.0000 ~ + 1.0000 0.0001
+1.000 ~+7x 0.001

*1: Measurement range at GROUP DELAY is deter
mined automatically by AF {(STEP FREQ X 2) and
AG. Specific information on GROUP DELAY meas-
urements is provided in paragraphs 3-63 to 3-66.

Table 3-7. DISPLAY A/B Functions for Amplitude/Phase Measurements
DISPLAY A Function DISPLAY B Function
GROUP DELAY | Group Delay in seconds
B—A (dB) Relative Amplitude of the Reference 0 (deg) Phase Difference in degrees
Input and the Test Input 8
& (rad) Phase Difference in radians
A (dBm/dBV) | Absolute Amplitude of the Reference Input /,/
//‘J
B (dBm/dBV) | Absolute Amplitude of the Test Input -
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3-40. OSC OUTPUT

3-41. In amplitude/phase measurements, the output
signal from the OSC QUTPUT terminal is applied to a
power splitter (HP Part No.: 04192-61001, furnished
with the 4192A) to produce two output signals that are
in phase and of equal amplitude. One of these signals is
applied to CHANNEL A and is used as the reference
input; the other signal is applied to input port of the net-
work under test. The output port of the network is then
connected fo CHANNEL B. Figure 3-5 shows the equiv-
alent circuit for the OSC OUTPUT. The circuit consists
of a low (zero) impedance source in series with a 508
resistor which defermines the output impedance. The
output signal level is variable from 5mV to 1.1 Vrms
when terminated with 5082, Specific information on the
internal synthesizer is provided in paragraph 3-18.

3-42. CHANNEL A/B

3-43. For basic amplitude/phase measurements, the
reference input is obtained by connecting one of the
output signals from the power splitter connected to the
OSC QUTPUT. The test input is obtained by inserting the
network to be tested between the power splitter and
CHANNEL B. Since the signals divided by the power
splitter are identical, the signal applied to CHANNEL A
represents the input to the network while the signal
applied to CHANNEL B is the output of the nefwork.
By comparing these two signals, the 4192A measures the
gain or loss, phase shift and group delay introduced by
the network. When the frequency is swept over the band
of interest with amplitude, phase and group delay, meas-
urement data represent the amplitude and phase response
of the transfer function in the frequency domain.

3-44. For production testing, it is often necessary to
compare a newly manufactured network {o a production
standard. The 4192A, being a dual channel instrument,
iends itself well to this application. When comparing
two networks, the standard network is connected be-
tween the power splitter and CHANNEL A to obtain
the reference. The network to be tested is then con-
nected between the power splitier and CHANNEL B.
In this case, the 4192A compares the output signals
of the two networks and any differences between the
networks are reflected as deviation from 0dB (B-A
amplitude), 0 degrees (phase) or Os {group delay).

Section I11
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Zy =500
OsC
AN £l
~ | OUTPUT
Low
Impedance
Source

Figure 3-5. Eqguivalent Qutput Circuit

3-45. Figure 3-6 shows the equivalent circuit for the
CHANNEL A/B. The resistor, Rin, represents the | M&2
input resistance; the capacitor, Cs, represents the 25pF
t 5pF shunt capacitance. This high input impedance has
a minimum loading effect on the input signal and allows
the 4192A to be used for characterizing networls having
output impedances other than 508 Figure 3-7 shows
the input impedance, Z:, as a function of frequency. At
low frequencies, the reactance of Cs is very high, making
Z1 nearly equa! to Rin. As frequency increases, the
decreasing reactance of Cs becomes more and more
significant, causing Z¢ to decrease. At high frequencies,
Rin is no longer significant and Z+ is slightly less than the
reactance of Cs (approximately 5002 at 13MHz).

CHANNEL |~
A/B -

Rin Cs
MO ' 25pF

Figure 3-6. Equivalent Input-Circuit

3-23



Section HI

Model 41924
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e \
100ka \
N
£ 1010
H 10k0 <
Toke
AN
o0
5Hz 10Hz 1005z TkHz Tokiz T00kHz TMHz 10MHz TOOMHz
Freeuency
Figure 3-7. 2, vs Frequency
3-46. Input Configurations Note: When making a relative gain/loss (B-A)

3-47.

Figure 3-8 illustrates and describes the basic input

configurations for various types of measurements. Con-
nections of these input configurations should be made
using double-shielded cables with BNC connectors as
listed in Table 3-9. When making input connections,
observe the following puidelines:

(1) Keepinput cables as short as possible.

€2) Make the total cable length in each channel

equal.  This is particularly

important when

measuring phase (or group delay) at high fre-
quencies.

{3) When impedance terminations are required, use
shiclded terminations equipped with suitable RI
connectors as listed in Table 3-10. Place termi-
nations at the end of the transmission line.

measurement with either the 4192A or &
Network Anslyzer using the input
eonfigurations shown in Figure 3-8, the
measurement resuits are the same but
those of an absolute amplitude {(A/B)

measurement may differ. This is
because the 4192A uses a passive
{2-resistor} power splitter and the

Network Analyzer uses an active power
splitter.

CH.A

CH.B

passive power

active power

nished with the 4192A)

3-24

spiitter splitter
Table 3-8. BNC Cables Table 3-10. Impedance Terminations
Model No. Cable Modeal No. Termination
30cm BNC (male) — BNC (male) Double 11048C 5082 Feedthrough (two 11048C’s are fur-
11170A | — Shield Cable (two 11170A’s are fur nished with the 4192A)
nished with the 4192A)
110948 7582 Feedthrough (two 11094B%s are fur-
60cm BNC (male) — BNC (male) Double nished with the 11097A)
111708 | - Shield Cable (two 11170B’s are fur
nished with the 16097A Accessory Kit) 110954 60082 Feedthrough (two 16097A’s are
furnished with the 16-97A)
| 120em BNC {male) — BNC (male) Double
11170C | — Shield Cable {(two 11170C’s are fur-
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(A} LOSS (GAIN)-PHASE MEASUREMENT (Z = 500)

w CH.A
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Figure 3-8. Input Configurations
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3-48. Impedance Matching

3-49, In most measurement applications the network
under fest must be driven and terminated in its charac-
teristics impedance. [f the characteristic impedance of
the network matches the 5082 cutput impedance of the
4192A 0OSC QUTPUT, the network can be connected
directly to the OSC OUTPUT through the power splitter
as shown in Figure 3-8 (A). In this case, both the refer-
ence input and test input should be terminated with a
508 Feedthrough and connected to CHANNEL A and
CHANNEL B, respectively.

3-50. If the characteristic impedance of the network is
greater than 5082, a compensating resistor can be added
in series with the OSC OUTPUT between the power
splitter and the network to obtain the required output
impedance. For example, if the input impedance of the
network is 60082, a 55082 resistor can be added in series
with the 5082 output to obtain the required 600§ as
shown in Figure 3-8 (B). Note that the reference input
shown in Figure 3-8 (B) also has a compensating resistor
to maintain identical impedances in both chanaels. In
this case, both the reference input and test input shouid
be terminated with a 60082 Feedthrough and connected
to CHANNETL A and CHANNEL B respectively.

3-51. If the characteristic impedance of the network is
lower than 3082, connect a shunting resistor between the
power splitter and network to be tested, as across the
OSC QUTPUT, to obtain the required output impedance.
Otherwise, a shunt resistance of the same value can be
connected to CHANNEL A to obtain the same ouiput
impedance. The value of shunt resistance is calculated
from the foliowing formula:

Model 4192A

. SO XZ
Rs = 55—z (0
where : Rs = shunt resistance
Z = required output impedance

For example, if the input impedance of the network is
3082, a 758 shunt resistor can be added in parallel with 2
5082 output to obtain 3082 as shown in Figure 3-8 (O
Note that the reference input shown in Figure 3-8 (C)
also has a shunting resistor to maintain identical imped-
ances in both channels. In this case, both the reference
input and test input should be terminated with the 3082
shunt resistor and connected to CHANNEL A and
CHANNEL B, respectively. When driving an impedance
lower than 30§2, a certain amount of insertion loss will
be encountered. The amount of loss depends on the type
of impedance matching network used and on the various
impedance ratios. Whenever a loss is encountered, an
equal loss should be introduced in CHANNEL A so that
the reference input sccurately represents the input of
the network., This can he accomplished by placing iden-
tical shunt resistances and identical terminations in both
channels.

3-52. When the network to be tested has a high input
impedance (1MFHz) and low output impedance (= (§1),
each channel should be terminated with a 508 Feed-
through and then the network can be connected to
CHANNEL B as shown in Figure 3-8 (D).

3-53. Deviation measurement from reference network
can be performed by inserting the standard network be-
fween the power splitter and CHANNEL B. Figure
3-8 (E) shows an input configuration of networks which
have 508} characteristic impedance. In this case, both the

Tabte 3-11. Balancing Transformers

Model N impedance Connectors
oder o Unbalanced Balanced Unbalanced Balanced
11473A WECQO 310
6008

11473B Simence 9REL STP-6AC
11474A 508 or 7582 13582 BNC WECO 241
114735A 15082 Simence 9REL STP-6AC
11476A 1248 WECO 408A
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reference input and test input should be terminated by
5082 Feedthroughs and connected to CHANNEL A and
CHANNEL B, respectively.

3-54. Floating networks can be measured by floating
from the measuring circuit using one of the balancing
transformers listed in Table 3-11. Figure 3-8 (F) shows
the input configuration of a network which has 1258
characteristic impedance. In this case, both the reference

Section I
Paragraphs 3-54 to 3-56

input and test input should be terminated by 5082 Feed-
throughs and connected to CHANNEL A and CHANNEL
B, respectively.

3-55. Moeasurement Time

3-56. Table 3-12 shows the measurement times of the
4192A amplitude/phase measurements.

Table 3-12. Measurement Time for Amplitude/Phase Measurements
Measurement Function Meaﬁ’éﬁ?em 5~ 15 M;aswemem :;’Tj’::v e 150 ~ 400 | 400 ~ 13M
HIGH SPEED 2090 41005 ~ > 41145 113 ~ 127
(B—A)— 0 NORMAL 5(?{)04« 102 ~ +116 @+102~i5?(}0~% 116 202 ~216
AVERAGE 15?00 + 102 ~ 12000 +116 1102 ~ 1136
HIGH SPEED 50{00 +4312.5 428
{B—A)— GROUP DELAY* N.ORMAL &f@ﬁ_ +592 %?0“9" + 592 692
AVERAGE 1209+ 2309 3399
HIGH SPEED 391:09“-{— 77.5 96
A/B ({Bm) NORMAL 000, 1200 1 79 179
AVERAGE 12290+ 50 1080
HIGH SPEED 200 4 75 88
A/B (dBV) NORMAL > OfOG 122077 177
AVERAGE lSm?QQ 1978
HIGH SPEED S0+ 905 103
(B Ay®2 NORMAL 200 B0, 9 192
AVERAGE _L;;}QQ 1092
Measurement times are typical values in ms, f: measuring frequency (Hz).
*1: At spot frequency measurement {refer to paragraph 3-63).
*2: Measurement time for B — A measurements can be shortened by changing the setting of an internal conirol switeh (refer to
paragraph 3-139}.
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3-57. Test Fixture Characteristics

3-58. Compensation for the error-causing parasitic
elements of the test fixtures used in amplitude/phase
measurements is described in Figure 3-9. Additional error
introduced into amplitude/phase measurements by the
16096 A test fixture after compensation is as follows:

B—-Aerror: +0.1dB
Phase error © 0.1°
A, Berror : £(0.]+0.06F?}dB

where F is the Frequency of the test signal in
MHz.

Input impedance of CHANNEL A and CHANNEL B is
1M &2, shunted by 30pF.

Model 4192A

(1) Cable compensation for the 16096A Test Fixture

a. Connect the 16096A Test Fixture to the UNKNOWN terminals of the 4192A as shown below:

UNKNOWN
r A CH.A CH.B 41924
< F =< H Front Panel
a5C Emﬁcabie
ouT CH.A CH.B (furnis?ed with
O o0 O 160962
Set to the -] )
e
{furnished BNC-Tee
with 4192a) {furnished with
16096A) 16096A Top View

b. Set the 4292 A’s controls as follows:

DISPLAY A Function ... .. .. .. . ... B— A {dB)
DISPLAY B Funciton .......................... & (deg)
AVERAGE ... .. OFF
HIGH SPEED ... ... ... .. .. . .., OFF

3-28

Figure 3-9, Cable Compensation (Sheet 1 of 4)
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Figure 3-9
SELF TEST o\ttt OFF
SWEEP ............... [ MANUAL
TRIGGER ... INT
AT OFF
SPOT FREQ ...\ttt 1kHz
OSC LEVEL ...\t 0.6V

¢.  Set the selector switch on the 16096A to the GAIN-PHASE position.
d¢. The value displayed on DISPLAY A should be 20dBY + 0.02d4BV.
e. Set the SPOT FREQ to 1 MHz.

f. Adjust CHANNEL A CABLE COMP on the 16096A until the value displayed on DISPLAY A is 20dBV
+0.1dBV.

g. Reconnect the 16096A as shown below:

UNKNOWN
d A CH.A CH.B

= H o4 B

B2% cH.A cH.B
O\OOé?\“

T1170A | 16096A Top View

h. Set the SPOT FREQ to 1kHz.
i. The value displayed on DISPLAY A should be 0dBV £ 0.04dBV.
j.  Set the SPOT FREQ to 1MHz.

k. Adjust CHANNEL B CABLE COMP on the 16096A until the value displayed on DISPLAY A is 0dBV
+0.1dBV.

1. Set the SPOT FREQ to 15kHz.
m. The values displayed on DISPLAY A and DISPLAY B should be 0dBV +0.1dBV and 0° * 0.5°, respectively.

Figure 3-8, Cable Compensation (Sheet 2 of 4)
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(2) Compensation procedure for the 106013A 10 : 1 Scope Probe
a. Connect the 11048C 50% Feedthrough termination to the O8SC QUTPUT terminal of the 4192A.

b. Connect the two 11013A scope probes to CHANNEL A and B and to the 508 feedthrough as shown in
below.

0sC CHAN  CHAN
QUTPUT A B 4192ZA Front
J | i 1 Panel
- 500
1 Feedthrough | & ]
1007 34
¢ Set the 4192A’s controls as follows:

DISPLAY A Function .............. .. ... ....... A (dBm/dBV)
AVERAGE . ... . OFF
HIGH SPEED . ... . OFF
SELF TEST ... . OFF
SWEEP . e MANUAL
GAIN MODE . .. . dBV
TRIGGER . ... e INT
AT OFF
SPOT FREQ ... .. 1kHz
OSCLEVEL .........oovvenin.. e 1V

d. Press the BLUE key and the STORE DSPL A/B key.
e. Press DISPLAY A’s AJA% key.
f.  Set the SPOT FREQ to 1 MHz.

g Adjust the cable compensation of the scope probe connected to CHANNEL A until the deviation, displayed
on DISPLAY A, is 0.00dBV.,

Figure 3-9. Cable Compensation {Sheet 3 of 4}
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h. Repeat steps ¢ through g until the amplitude difference between the two measurement values is less than or
equal to 0.01dB.

i, Set the 4192A’s controls as follows:

DISPLAY A Function .. ... ... e B— A (dB)
DISPLAY B Function ... ... i e g (deg)
SPOT FREQ ... . e e I kHz
AJATE e OFF

j.  Adjust the cable compensation of the scope probe connected to CHANNEL B until the phase, displayed on
DISPLAY B, is 0° + 0.1°.

k. Set the 4192A%s controls as follows:

DISPLAY A FURCHON o« ittt it B (dBm/dBV)
SPOT FREQ ... I MHz

I. The value displayed on DISPLAY A shouild be ~20dBV £ 0.2dBV.
Note: With these adjustments, tracking between CHANNEL A /B will be as follows for the frequency range
of SHz to 2MHz.

Gain tracking © *0.2dB
Phase tracking: +0.2°

Figure 3.9, Cable Compensation (Sheet 4 of 4)
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358, Amplitude/Phase Measurement Operating Instruc-
tions

3-60. Basic operating instructions for amplitude/phase
measurements are given in Figure 3-10,

a,

(1) Tum On
a. Press the LINE ON/OFF key to turn the 4192A on.
b. Following turn on, the instrument will perform the following operations in the order listed.
(&) Initial operational check is performed (refer to paragraph 3-7).
(z) HP-IB address, set by the HP-IB control switch on rear panel (refer to paragraph 3-117), is displayed on
DISPLAY A (e.g. H-17).
(@ Initial control setting is performed (refer to paragraph 3-9).
¢. Confirm that 4192A trigger lamp begins to flash.
d. Press the BLUE key and then the SELF TEST key to check the basic operation of the instrument. Refer to

paragraph 3-7 for details on the SELF TEST.

Note: The 41924 requires a one-hour warm up period to satisfy all specifications listed in Table I-1,

(2) Test Fixture Connection
Connect the desired test fixture. Refer to paragraphs 3-46 and 3-48 for Input Configuration and Impedance
Matching, respectively,

Note: When the 160964 Test Fixture or 100134 16 : 1 Scope Probe is used, error compensation, described in

Figure 3-9, must be performed.

(3) Setting Measurement Condition

Select the desired DISPLAY A parameter by pressing the @ or @ (up-down) key. The indicator lamp
adjacent to the selected parameter will come on (refer to paragraph 3-38).

If necessary, select the desired DISPLAY B parameter (compatible with the DISPLAY A parameter selected
in step a by pressing the key (refer to paragraph 3-38).

When DISPLAY A function is set to A (dBm/dBV) or B (dBm/dBV), select the desired GAIN MODE: dBm
or dBV.,
Note: GAIN MODE, dBm or dBV, is specified from the following equations:

dBm = 20log,V + 13.01
dBV = 20log,eV

The relationship between input voltage (Vrms) and dBm/dBV is shown in the graph befow.
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Figure 3-10
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d. Press SPOT FREQ key.
Sat the desired spot frequency (initial setting value is 100kHz) with the DATA input keys (refer to para-
graph 3-29) and press the appropriate ENTER key.

{(Example) Spot frequency = 7.5MHz

SPOT
Key strokes : ea%‘ [3 [E] D

The spot frequency setting, 7500.000kHz, is displayed on DISPLAY C (Test Parameter Data Dis-
play).
e. Press the OSC LEVEL key.
Set the desired measuring signal level (initial setting value is 1V) with the DATA input keys (refer fo para-
graph 3-24) and press the appropriate ENTER key.
{(Example) OS8Clevel = 750mV

3C
LEVEL kir mv

Key strokes : [3 @ @ D

The OSC level setting, 0.750V, is displayed on DISPLAY C.

(4} Connecting a Network
a. Connect the network to be tested between CHANNEL B and the power splitter with the test fixture.

Note: When comparing two networks, the reference network should be comnected between the power
splitter and CHANNEL A.

b. The 4192A will automatically display the measured values of the network to be fested in acordance with
the measurement conditions.

Figure 3-10. Operating Instructions for Amplitude — Phase Measurements {Sheet 2 of 2)
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CAUTION

When making amplitude/phase measurements on an active eircuit (e.g., amplifier, active
filter, ete.), DO NOT allow & de bias vollage exceeding 10V to be applied to the OSC
QUTPUT terminal. To do g0 may damage the instrument. When the de bias voltage of the
eircuit under test is higher than £10V, but not more than 35V, connect & 2.2uF (or less)
capacitor in series with the OSC OUTPUT terminal to block the de bias voltage. This
bloaking ecapacitor can be connected to the SHORT/EXTERNAL CAP terminal of the
16096 A Test Fixture instead of the short-connector. When the blocking capacitor is used,
however, the cufput impedance of the OBC OUTPUT is increased at low test frequencies,
as shown graphically below, and the oseillator level is reduced.

If a suitable capacitor is not available from conventicnal sources, order HP Part No.
0160-0128; 2.2uF, 50V.

106 NEVER apply a de voltage exceeding £35V to the
CSC OUTPUT terminal, even if the blocking
capacitor is used.

stance {00

168

Output Resi

S0

5 10 100 1% 10k 100k

teasuremant Frequency (iz)

Figure 3-10. Operating Instructions for Amplitude — Phase Measurement {Sheet 3 of 3}

3-61. Swept Freguency Measurements

3-62. Basic operating instructions for swept-frequency
amplitude/phase measurements are given in Figure 3-11.

Note: Before proceeding with the procedure given below set the 41924 s controls as necessary for an am-
plitude/phase measurement. Refer to Figure 3-10,

(1) Setting Sweep Parameters

a. Press the START FREQ key. Set the start {(lower Hmit) frequency (initial setting is 5Hz} of the desired
sweep frequency tange with the DATA input keys (refer to paragraph 3-24) and press the appropriate
ENTER key.

{(Example)  Start frequency = 10kHz
Key strokes : BRORE

The start frequency setting, 10.00000kHz, is displayed on DISPLAY C (Test Parameter Data Dis-
play).

Figure 3-11. Operating Instructions for Swept — Freguency Amplitude — Phase Measurements {Sheet 1 of 4}
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Figure 3-11

b. Press the STOP FREQ key. Set the stop (upper limit) frequency (initial setting is 13MHz) of the desired

sweep frequency range with the DATA input keys (refer to paragraph 3-24) and press the appropriate
ENTER key.

(Example) Stop frequency = 1MHz

SPOT
ERELITHAS MHz Vv

Key strokes : E] @ D

The stop frequency setting, 1000.000kHz, is displayed on DISPLAY C.

Note: The stop frequency should be set to a value higher than the start frequency. If not, error-code
[-03 will be displayed on DISPLAY C when swept measureinent is attempted and measurement will
be not performed.

¢. Press the STEP FREQ key. Set the desired step frequency (initial sefting is 1kHz) with the DATA input
keys (refer to paragraph 3-24) and press the appropriate ENTER key.

(Example)  Step frequency = lkHz

L Kha mv

Key strokes : E] D

The step frequency setting, 1.000000kHz, is displayed on DISPLAY C.

Note: In LOG SWEEP measurement applications, STEP FREQ. has no meaning. To set the instrument 1o
logarithmic sweep mode, press the BLUE key and the LOG SWEEP key; the indicator lamp will
come on. In this mode, automatic or manual sweeps are made at twenty Jfrequency steps per
decade. Each step is calculated from the following formula:

F X EOQ‘OSN
where U is the start frequency (SHz, 10Hz, 100Hz, 1kHz, 10kHz, 100kHz, IMHz, or 10MHz) and

N is an integer that represents the step number. For example, if the start frequency is 100kHz and
the stop frequency is 1 MHz, the sweep will be as follows:

1 112.2018kHz & 199.5262kHz 1+ 354.8133kHz 16 630.9573kMz
2 125.8025kHz 7 223.8721kHz 12 398.1071kHz 7 707.9457kHz
5 141.2537kHz 8 251.1886kHz 13 446.6835kHz 18 794.3282kHz
4 158.4803kHz o 281.8382kHz 14 501.1872kHz 19 891.2509KkHz
s 177.8279kHz 1w 316.2277kHz 15 562.3413kHz 20 1000.000kHz

The start and stop frequencies, which defermine the sweep range, are limited to decade values
(10, 100, 1k, 10k 100k, IM, 10M). If, for example, the start frequency is set to 50kHz and the
stop frequency is set to S00kHz, the instrument automatically sets the sweep range as 10kHz to
IMHz. There are, however, two exceptions: (1) when the siart frequency is sef 10 a value below
10Hz and (2) when the stop frequency is set to a value above 10MHz. In such cases, the instrument
automatically assumes a start frequency of 5Hz and a stop frequency of 1I3MH:z,

Figure 3-11. Operating instructions for Swept — Frequengy Amplitude - Phase Measurements {Sheet 2 of 4)
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Figure 3-11

(Z) Manual Sweep
In manual sweeps, the sweep begins at the spot frequency, and the sweep range is determined by the start and
stop frequencies.
a. Set the desired spot frequency (initial setting is 100kHz) with the DATA mput keys (refer to paragraph
3-24) and press the appropriate ENTER key.
(Example) Spot frequency = 10kHz

SPOT
HEDAS KMz mv

Key strokes : [<] [0 (o] []

The spot frequency, 10.00000kHz, will be displayed on DISPLAY C;

b, Press the STEP UP key or STEP DPOWN key to shift the frequency one step (determined by the
step frequency setting) in the indicated direction.

Notes: 1. In logarithmic sweep mode, the measurement frequency is automatically shifted 1o the nearest
frequency that satisfies the equation F X 10%%N = Fm, where F is the start frequency, Fm is
the measurement frequency, and W is an integer that represents the step number.

2. If the spot frequency Is set fo a value that is greater than the stop frequency or less than the
the start frequency, error-code E-04 will be displaved on DISPLAY C and the measurement
will not be performed.

¢. Pressing and holding the STEP UP ( @ } key or STEP DOWN ( ) key continuously advances swept
frequency measurement.

d. When X10 STEP key is pressed simultancously with the STEP UP ( ) or STEP DOWN ( @ ) key,
the step frequency increases by a factor of ten. (This is for linear sweeps only.)

(3) Auto Sweep
a. Press MAN/AUTO key to set to auto sweep mode (the indicator lamp comes on.)

b. @ Pressing the START UP ( } key starts the frequency sweep from the programmed start frequency.
The frequency sweep ends at the stop frequency.

@ Pressing the START DOWN ( ) key starts the frequency sweep from the stop frequency, The fre-
quency sweep ends at the start frequency.

Note: Swept test frequency is displaved on DISPLAY C

c. To temporarily stop a swept freguency measurement, press the PAUSE key. Start frequency, stop fre-
quency, step frequency, sweep direction, and sweep mode (linear or logarithmic, auto or manual) can be
changed when the PAUSE function is set. Fo restart the sweep, press the START UP ( @ } key or START
DOWN ( } key.

d. Auto sweep measurement mode is automatically released when the swept measurement ends (reaches the
stop frequency or start frequency). To stop the sweep before the measurement is completed, press BLUE
key and then press the SWEEP ABORT key.

SwERE
ABORT

Key strokes :

To return to normal spot frequency measurement, press the SWEEP AUTO key (indicator lamp goes off).

Figure 3-11. Operating Instructions for Swept — Frequency Amplitude ~ Phase Measurements (Sheet 2 of 4}
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. Paragraphs 3-63 and 3-64

Note: When a swept frequency measurement i§ made, if the sweep comes to a frequency
band which has lower frequency resolution than the STEP FREQ., this STEP
FREQ. automatically changes to the next higher resolution frequency, and the
sweep continues. In special cases for group delay measurement, E-10 appears on
DISPLAY C and the sweep stops.

Figure 3-11. Operating Enstructions for Swept — Frequency Amplitude — Phase Measurements (Sheet 3 of 4}

3-63. Group Delay Measurement

3.64. The 4192A can measure group delay at a spot
frequency or swept frequency. Figure 312 shows a
group delay measurement at a spot frequency.

. Spot frequency (Hz)

. Step frequency (Hz)

: First measuring frequency (Hz)

. Second measuring frequency (Hz)
cFH,-F, =2F9

@’ : Phase (deg) at first measuring
g frequency
é . Phase (deg) at second measuring
frequency
D0y — 8,

Fi m Fz
Measuring Frequency (Hz)

{1y Fm and Fs are the 41924 SPOT FREQ and STEP FREQ respectively.
(2) 6, is measured at F; (= Fm~ Fs).
{3) 0, is measured at Fy (= Fm+ Fs).

€))] % {Group Delay) at Fm is calculated from the following formula and displayed with B — A at Fm.

.Y
& ~7360 - AF

Note: When a swept frequency measurement is made, if the sweep comes to a frequeney

hand which has lower frequency resolution than the STEP FREQ., E-10 appears on
DISPLAY C and the sweep stops,
However, when using HP-IB function, the sweep is made by the controller to set
SPOT FREQ., this error message does not appear and then STEP FREQ.
automatieally changes to the next higher resolution frequency in that frequency
band and the sweep continues.

Figure 3-12. Grougp Delay Measurement at Spot Frequency
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3-65.

Figure 3-13 shows a swept group delay measure-

ment.

Model 41924

Bg F,
Fg
Fs
81

[3*3

Phase {(deg.}
D D DD D
~N o o

fen]
@

|
I
I
|

! | |
i

{ i
i
! a
! i
!
By ._..__;.mmmf___.i__._.r.__g____m,wmm____i
I |
1 i |

1 |

AF

: Start frequency (Hz)

. Stop frequency (Hz)

. Step frequency (Hz)

: 2Fs

8, to 8, : Phase (deg)atF, to Fe
AGy

Bpeq —Oy4 wheren=11to 8

L |
Fe  Fr Fz Fs Fe Fs Fe¢ Fz7 Fg
Measuring Frequency (Hz)

(1) F,, Fg, and Fs are the 4192A START FREQ, STOP FREQ, and STEP FREQ, respectively.

(2) Measuring frequency is swept from Fy (=F; - Fs) to Fy (=F; +Fs), and 8, to 8, are measured at

Fo to Fy.

(3} 7, (Group Delay) at Fn (n: 1 to 8) are calculated from the following formuia and displayed with

B—AatFn.
A,

T 360 - AF

Figure 3-13. Group Delay Measurement on Swept Frequency
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3-66. Meusurement ranges and resolution of the group
delay measurements are determined automatically by AF
(STEP FREQ X2) and A8,

Section [i}
Paragraph 3-66

180

131z
Liomiz Mz

BOOKHY 50kHz

(=
=

500Hz

In the graph shown below, the solid line (—) represents the boundary for resolution and
the dashed line (---) represents the boundary for F (STED FREQ x 2). For example, it F =
1KHz and 4§ = 1 deg, measurement is made at the 10s range with 10ns resolution.

5Hz

S0mkz

a8 {deg)

EmHz

TmHz

101

100

GROUP DELAY {s}

Notie

* Resolution

If the DUT causes a large group delay, the 4182A
will measure the group delay time before the
DUT has settled, after a frequeney change. The
table below lists the maximum group delay time
that can be measured by the 4192A in each

measurement mode at 80%,

90% and 100%

settied.
Measurement Mode 80% 90% 100%
AVERAGE 155ms/174ms 109ms /122ms 36ms/41ms
NORMAL (50Hz}* 43ms/62ms 30ms /43ms 10ms/14ms
NORMAL (60Hz)* 41ms /60ms 29ms/42ms 9.6ms/14ms
HIGH SPEED 33ms/51ms 23ms /36ms 7.6ms/12ms

*Line frequency, (SPOT frequency measurement}/

(Swept frequency measurement)

10 20

Eigure 3-14. Measurement Ranges and Resolution of the Group Delay Measurements
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3-67. IMPEDANCE MEASUREMENT

3-68. The 4192A can accurately measure the imped-
ance parameters of a component or circuit at the fre-
quency, test signal level, and dc bias level found in actual-
real world-operation.

(1} Measuring Frequency : 5Hz to 13MHz
{(2) OSC Level: 5mVrmsto 1.1 Vrms
(3) DC bias voltage : =35V to +35V

Frequency and bias can be automatically or manually
swept, full range, in either direction. OSC level can also
be swept (manual only) at ImV steps (5mV steps at
levels above 100mV). The actual test signal voltage
across the DUT, or the test signal current through the
DUT can be measured.

Instructions for impedance meansurements are given in
paragraphs 3-69 through 3-108.

3-89, Measurement Functions

3-70. The 4192A simultaneously measures fwo in-
dependent, complementary impedance parameters in
each measurement cycle. This combination of measure-
ment parameters represents both the resistive and reactive

Model 4192A

characteristics of the sample. A total of fourteen meas-
urement parameters {two are duplicates) make up the
twelve selectable parameter combinations. These meas-
urement functions are classified, for display purpose,
into two groups: DISPLAY A and DISPLAY B funce
tions, as given in Table 3-13. DISPLAY A function
group comprises the primary measurement parameters
and measured values are displayed on DISPLAY A. DIS-
PLAY B functions include a group of subordinate para-
meters, the availability of which are partially dependent
on the primary function. Selected and measured values
are displayed on DISPLAY B. Selectable combinations
of DISPLAY A and DISPLAY B functions are listed in
Table 3-13. Measurement parameters separated by a
slash (/) in Table 3-13 are for equivaient series circuit
(w-s) (left of stash) or equivalent parallel circuit
{o—m) (right of stash). Refer to paragraph 3-73 for
details. The 4192A measures R +iX (impedance) in
equivalent series circuit mode and G +jB (admittance)
in equivalent parallel circuit mode. Other impedance
parameters are calculated from R +jX or G +jB with
the equations given in Table 3-14. Measurement results
can be displayed as either deviation or percent deviation
from stored reference values. Deviation measurements
are described in paragraph 3-26.

Table 3-13. DISPLAY A/B Functions for Impedance Measurements

DISPLAY A Function DISPLAY B Function
g (deg) Phase Angle in degrees
1Z1 1Y Absolute Impedance/Absolute Admittance . )
8 (rad) Phase Angle in radians
R/G Resistance/Conductance X/B Reactance/Susceptance
Q Quality Factor
L Inductance
D Dissipation Factor
C Capacitance
R/G Resistance/Conductance
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Paragraphs 3-71 and 3-72
3-71. Measurement Range
Table 3-14. Measurement Parameter Formulas
for Impedance Measurement 3-72. The 4192A has two measurament range modes:
AUTO and MANUAL. The mode is set by the ZY
Measurement | Measurement Equivalent Circuit RANGE keys on the front-pancl. When DISPLAY A
Parameter R o BV S wyed of function is set to {Z1/{Y] in AUTO range mode, ranging
o depends on the impedance, {Z], or the admittance, {Y],
[Z] VR X? o of the DUT. When L or C is selected, ranging depends
T on the disptayed value. {Z] and | Y} ranges and resolution
Y| ~ v G +B? are listed in Table 3-15.
o X 4 B When Z2Y RANGE is set to AUTO, the optimura range is
o tan (ﬁ) tan (ﬁ) automatically selected. If the infernal measurement
L X 1 circuit is saturated or the measured value exceeds the
W T WB upper limit of the range (130% of full scale), the next
c 1 B higher range is automatically selected. If the measured
T WX W value is less than the range’s lower limit (11% of full
0 | X IB! scale), the next lower range is automatically selected.
R G When ZY RANGE is set to MANUAL, the measurement
D R G range will not change even if the measured value of the
X Bl DUT changes. If the ZY RANGE down ( [§] ) key or
up { ) key is pressed, the rmeasurement range is
changed one decade in the indicated direction. If the
Table 3-18. ZY RANGE
[Z] Lyl
ZY RANGE Measurement Range Resolution Measurement Range Resolution
19/108 0.000102 ~1.29998 0.1mf2 0.018 ~12.598 10mS8
108/18 00010 ~129994 1mi2 6.00018 ~1.29998 100usS
1008/100mS 0.010 ~129990 10ms2 0.01mS ~129.99m§ 10us
1kQ/i0mS 0.0001k§E ~1.2999k82 100m& 0.001m§ ~12.999mS 1uS
10k£2/1mS G001 k$2 ~12.999k 2 152 0.0001mS ~1.2999m8 1008
100k /10008 001k ~12999k 2 1082 0.01u8 ~129.99u8 10nS
1M/ 10uS 0.00C1IME ~1.2999M §2 10082 0.001 uS ~12.99%9u8 InS

3-41



Section 111
Table 3-16

internal measurement circuit is satugated, UCL will be
displayed on DISPLAY A; if the measured value ex-
cecds the upper limit of the range (130% of Tull scale),
OF  will be displayed on DISPLAY A.

The time required for a range change is between 35ms
and 40ms at frequencies above 400Hz. Figure 3-15
shows the number of display digits for |Z] and | Y| meas-
urements. (The number of display digits depends on the
test frequency, OSC level, and ZY RANGE.) Measure-
ment range for each of the other parameters is discussed
below.

(1) R/G/IX/B:
The measurement ranges, resolution, and number
of display digits for R (resistance) and X (react-
ance) are the same as those for {41 and are given
in Table 3-15 and Figure 3-15. Likewise, meas-
urement ranges, resolution, and number of
display digits for G (conductance) and B (sus-
ceptance) are the same as those for | Y {. However,
the upper limit of X/B and DISPLAY B R/G is
200% of full scale and the lower limit is 18% of
full scale.

{2) L/C:
The measurement ranges, resolution, and number
of display digits for L (inductance}and C (capaci-
tance} depends on the test frequency and the ZY
RANGE (see Figure 3-16). The upper limit for L
and C is 200% of full scale and the lower limit is
18% of full scale.

3-42
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(3) 0/O/D:
The measurement ranges and resolution for @
{phase angle), Q (quality factor) and D (dissipa-
tion factory are given in Table 3-1o. Number of
display digits for g, Q, and IJ are the same as that
for 171 and Y] (see Figure 3-15). When the
measured value of |21 or |Y] i8 less than 5% of
fult scale, g. Q, and D measurement cannot be
made and -~ — — is displaved on DISPLAY B.

The measurement ranges for these
parameters are selected autematically. If
the measued value exceeds the limit of the
display, OF2 will be displayed on the
corresponding display.

Table 3-16. Measurement Range of #/Q/D

Mg:izx:::; t Measurement Range Resolution
8 (deg) 0° ~% 180° 0.01°
~ q~= 1000 0.001
f (rad) ~ 1.0000 ~+ 1.0000 5.0001
+ 1.000 ~+ 7 0.001
Q 0~1999.9 0.1
b 0~1.9999 0.0001
2.000~19.999 0.001
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Section 11
Figure 3-15

0$C LEVEL (V)

0SC LEVEL (V)

Display Digits for |Z1 Measurements X, X, X (Digits)
4 '[ b yIGH SPEED
.......... — NORMAL
Frequency <400 Hz - AVERAGE
1.1
3.3.2 4.4.3 4.3.3 3.2.2
0.3
4.3,2 3.3.2 2.2.1
0.1
5.2.7 2.7.1
E i BT
Useabie
2.0 2.2
110
10m
2.1.1 2.1.1
Bm
10 00 % 10K 100% "
IZIRANGE ()
400 Hz< Frequency
1.1
4.4.3 4.3.2
0.3
3.2.2 4.3.3 3.2.2
0.
4.3.2 5,3.2 3.3.2 2.2.1
30m4 Mot
lisgable
2.1.1
3.2.2 320
0
2.7.2 1.1
Gm
; 10 100 T 10K 100K i
ZIRANGE ()

Figure 3-15. Display Digits for |Z1/ Y| Measurements (sheet 1 of 2)
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0SC LEVEL (V)

0SC LEVEL (V)

Display Digits for | Y| Measurements

X, X, X (Digits)
Y HiGH SPEED
L NORMAL

— AVERAGE
Frequency <400 Hz
19
2.0 £.3.3
0.3 4.4.3
1.1.1 3.3.3
0.1
.0 4.3.3 3.2.2
L VS
Useable
2.2.1 3.3.2 .2.2.1
.13
TOm
2.1 3.2.1 3.0, 2.1.1
5
14 1 100= 10 T 1000 T0u
Y| RANGE (S)
400 HzS Frequency
1.1
3.2 £.3.2
.3 4.4.3
2.1.1 3.2.2 £.3.3
6.3
3.2.% 4.3.7 3.3.2
Sl Y
Useable
£.3.3 322
2.1 3.2.2
T6m
3.3.3 2.2.2
Sm
0 1 100m 10m im 100 10
1Y IRANGE (S)
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Figare 3-16

Measurement Ranges, Resolution, and Display Digits for I Measurements (Specified by [ZIRANGE),
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Measurasient Frequency (kz)

Measurement Ranges, Resolution, and Display Digits for C Measurements (Specified by [YIRANGE).

{Y|Range
10::5 1065 125 HH 1465 15 15
120nF d o FjF e b o1 OpF e 100GF + — P - - -TORF - 100k \
1
b~ 10F ~}168rF -4 < = 1 = T0GFe 1 2 100uF £~ Inf - b 10nE - AN —
B 1
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g z
i
- 10RF - — 1af- - 10nF 4 -300nF-+ -~ — 1GGF 5 - - H
® % 2 1
Ty b B e 1O0RF e ARF o e Tomf—| = 100RF + = DuFebe o 100F - k%
&
F—-ipf - -10eF - 108pF - — nFe e 0nf - p 10005 |- - 1F
< TDOEF: o+ TpE-of = YODF = = 1003F == TnF =1 = FORF ={ ~ 1 00nF
- - I06F - SOOFF- | — ¥pF - { — YOpF b~ F008F «4 ~ ~inF -£=-10nF
1 FF - 19T b TOOFF - PR b - 1pF o 106pF- - — inf
1, 3 L F |~ - YO~ T =100FF e o pf -1 GpF—|— 10097

5 10 166 1% 0k ok R

Measurement Frequescy {Hz)

Note: Display digits for L/C = Display digit of VZ1/1Yin Figure 3-15 — Number in above figure. Shaded
areas indicate that measurement cannoi be performed,

Figure 3-16. Measurement Ranges, Resolution and Display Digits for L./C Measuremants.
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Paragraphs 3-73 and 3-74

3-73. Circuit Mode

3-74.  An impedance element can be represented by &
simple series or parailel equivalent circuit comprised of
resistive and reactive elements. This representation is
possible by either of the (series or parallel) equivalents
because both have identical impedances at the selected
measurement frequency by properly establishing the
values of the equivalent circuit clements. The equiva-
lent circuit to be measured is selected by setting the
CIRCUIT MODE control. When the CIRCUIT MODE
is set to AUTO, the 4192A will automatically select
either parallel or series equivalent circuit mode as
appropriate for the ZY RANGE as shown in Figure
3-17. In the figure, the CIRCUIT MODE does not change
at 100Q/100mS to 10k/1mS ¢measurement can be
performed not only in equivalent series circuit [eorweo ]
mede but equivalent parallel circuit [o{i}o] mode as
well). By setting CIRCUIT MODE manually, either of
the circuit modes is useable at all measurement ranges.

As already stated, the 4192A measures R +jX (imped-
ance) when the CIRCUIT MODE is set to equivalent
series circuit and G + jB {admitiance) when the CIRCUIT
MODE is set to equivalent paralle! circuit. Other imped-
ance parameters are calculated from these measured
values with the equations given in Table 3-14, [Z] and
I'Yi are not related to the CIRCUIT MODE. However,
|Z11s selected when the CIRCUIT MODE is set to AUTO
Oferrmoand 1Y is seiected when the CIRCUIT MODE
is set to%. Capacitance and inductance measure-
ments can be performed in not only equivalent series
circuit bmwo) mode but also equivalent parallel circuit
(o{f‘w}a). However, measured values in both modes are
different. The difference in measued values is related
to the loss factor of the sample to be measured. When
the conditions for the following equations are satisfied,
the paraliel and series circuifs have equal impedance (at
a particular frequency point),

Model 4192A

R +iX
_R-jX
Rz + X?.

Expanding the above equation, we have

R +- j,f

G+ jwCp :———m&{%s
2 I

R+ w? st

1 . S
where, (s (=~ —i) . equivalent series circuit
w .
capacitance.

Cp(= % Y : equivalent paralle} circuit
capacitance.

Obviously, if no series resistance {(R) and parallel con-
ductance (G) are present, the equivalent series circuit
capacitance {(s) and equivalent parallel circuit capaci-
tance (Cp) are identical. Likewise, if R and G are not
present, the equivalent series circuit inductance (Ls) and
equivalent parallel inductance (Lp} are identical.

However, a sample value measured in a parallel measure-
ment circuit can be correlated with that of a series circuit
by a simple conversion formula which considers the
effect of dissipation factor. See Table 3-17. Figure 3-18
eraphically shows the relationships of parallel and series
parameters for various dissipation factor values. Ap-
plicable diagrams and equations are given in the chart.
For exa.mp}e; a parallel capacitance (Cp) of 1000pF with
a dissipation factor of 0.5 is equivalent to a series
capacitance ((Us) of 1250pF with an identical dissipation
factor. As shown in Figure 3-18, inductance or capaci-
tance values for parallel and series equivalents are nearly
equal when the dissipation factor is less than 0.03. The
dissipation factor of a component always has the same

Measurement

ZY RANGE

Equivalent Circuit

18%/108 1a8/18

H0L/100 ms

1k Q2/10mS 16kQ2/TmS | 100k0/100u8 | TMO/10uS

]

L e S

Lt

Figure 3-17. Auto Changing of the Mseasurement Equivalent Cirguit
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Table 3-17. Dissipation Factor Equations

Circuit Mode Dissipation Factor Conversion 1o Other Modes
= G ] D4 i
- = “ = 3y ¢ -
offhe D= ey T Cs = (14D Co, R = 705 g
C G I
ts R ‘ I . 1 N
oo D = ok RQ— {p= T €, Go= T+D" R
ip
_ _ 1 .1 , __b* 1
e D = @lpG =5 Ls = g5 L. R=5797 " G
L G
Ls R 2
o R _ 1 _ ~2 . __ b .
o Wre L= wis T O Lp=(1+D*)Ls, G T+ D2 R

value at a given frequency for both parallel and series
eguivalents.

In ordinary LCR measuring instruments, the measure-
ment circuit is set {automatically or manually) to a
predetermined equivalent circuit with respect to either
the selected range or to the dissipation factor value of
the sample. The wider circuit mode selection capabi-
ity of the 4192A, which is free from these restrictions,
permits taking measurements in the desired circuit mode
and of comparing such measured values directly with
those obtained by another instrument. This obviates
the inconvenience and necessity of emploving instru-
ments capable of taking measurements with the same
equivalent circuit to assure measurement result cor-
respondence.

ns2
il errery oy Aty
rLiplH} Py P
P 7
~ a4 o3
A % (8]
1t /‘/
1Qn+1
// LA
[Ce= z
= {1+ 05 Cp
,/// ] ],Lpz(l*DZ)Ls
VAV
/
/ CoLF)
Lty
ioﬂ iGn«I i 2

Figure 3-18. Parailel and Series Parameter Relationship

3-75. Unkown Terminals

3-76. Forconnecting the sampie to be tested, the 4192A
employs measurement ferminals in a four terminal pair
configuration, which has a significant measuring advantage
for component parameter measurements reguiring high
accuracy in the high frequency region. Generally, any
mutual inductance, interference of the measurement sig-
nals, and unwanted residual factors in the connection
method which are incidental {o ordinary terminal methods
significantly affect the measurement at a high frequency.
The four terminal pair configuration measurement per-
mits easy, stable and accurate measurements and avoids
the measurement limitations inherent in such effects. To
construct this terminal architecture, connection of a
sample to the instrument requires the use of a test fixture
or test leads in a four terminal pair configuration design.

The UNKNOWN terminals consist of four connectors:
High current (Hegpr), High potential (Hpgyr), Low poten-
tial (Lpot} and Low current {(Leygr). The purpose of
the current terminals is to cause z measurement signal
current to flow through the sample. The potential ter-
minals are for detecting the voltage drop across the sam-
ple. The high side signifies the drive potential (referenced
to low side potential) drawn from the internal measure-
ment signal source. To compose a measurement circuit
loop in a four terminal pair configuration, the Heopp and
Hpor, Lpor and Lgpr fterminals must be respectively
connected together and, in addition, the shields of all
conductors must be connected together (as shown in
Figure 3-19). Principle of the four terminal configuration
measurement is iHlustrated in Figure 3-20. At first glance,
the arrangement appears to be an expanded four terminal
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method with a built-in guard structure. This is true. Thus,
the four ferminal pair method combines the advantages
of the four terminal method in low impedance measure-
ments while providing the shielding required for high im-
pedance measurements, The distinctive feature of the
four terminal pair configuration is that the outer shield
conductor works as the return path for the measurement
signal current. The same current flows through both the
center conductors and the outer shield conductors {in
opposite directions) yet no external magnetic fields are
generated around the conductors {the magnetic fields
produced by the inner and outer currents completely
cance! each other). Because the measurement signal
current does not develop an inductive magnetic field, the
test leads do not contribute additional measurement
errors due to self-or mutual-inductance between the indi-
vidual leads. Hence, the four terminal pair method en-
ables measurements with best accuracy while minimizing
any stray capacitance and residual inductance in the test
feads or test fixture,

Note: [If residual inductance does exist in test leads, it
affects measurements and the resultant additional
measurernent error  incredses  in  capacitance
medasuremnents in proportion to the square of the
measurement frequency.

Model 41924

Figure 3-19. Four Terminal Pair DUT Connections

MCUR |

Al DUT

| LCUR
[A)
/

0sC

MPOT VECTOR
VOLTMETER

LPOT

N
\ZJ

Detects vector

voltage across DUT

, VECTOR
/ AMMETER

Detects vector
current fiow
through DUT

Figure 3-20.  Four Terminal Pair Measurement Principle
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3-77. Selection of Test Cable Length

3-78. The propagation signal in a transmission line will
develop a change in phase between two points on the
line as illustrated in Figure 3-21. The difference in phase
corresponds to the ratio of the distance between the two
points to the wavelength of the propagating signal, Con-
sequently, owing to their length, test cables for connect-
ing a sample will cause a phase shift and a propagation
loss of the test signal. For example, the wavelength of a
13MHz test signal is 23 meters which is 23 times as long
as the Im standard test cables. Here, the phase of the
test signal at the end of the test cable will have been
shifted by about 15.6 degrees (360° + 23) as referenced
to the phase at the other end of the cable. Since the
effect of test cables on measurements and the resultant
measurement error mcrease in proportion fo the fest
frequency, cable length must be taken into consideration
in high frequency measuremnts. The CABLE LENGTH
switch selects measuring circuitry for the tm standard
test cables or for a test fixture attached directly fo the
UNKNOWN terminals. When standard Im test cables
are used for measurements, the CABLE LENGTH switch
is set to the 1m position to properly adapt measuring
circuit for the test cables and to minimize additional
measurement errors. The O position is selected for direct
attachment type test fixtures.

Notes:
1. When the HP16047B Test Fixture is used with the
41924, set CABLE LENGTH switeh to Im position.

2. If test cable is longer or shorter than the standard 1 m
test cable, the additional error contributed Is pro-
portional to the square of the frequency. As the
characteristic impedance of the test cable is also «

Test {able
| [

i
& 'Q "2

jp—————— Wove lengih A —————

Bz~-8) = 221 {ragian}
{irad = 57.2958°)
Figure 3-21. Test Signal Phase on Test Cables

Section 11
Paragraphs 3-77 to 3-81

factor in the propagation loss and phase shift {and of
resultant measurement error), using different type test
cables must be avoided. Be sure to use the standard
test cables available from Hewlett-Packard.

3 To minimize incremental measurement ervors at fre-

quencies above 4MHz, convert Ffour terminal pair fo
three terminal configuration at cable ends by con-
necting High and Low side cables. respectively, with
low impedance straps as illustrated {do not extend
cables of four terminal pair), The residual error

factors, Lo and Co, are shown in the figure.

LCuR LPOT HPOT HCuR

BRACKET
™

3-78. ZERO Offset Adjustment

3-80, There is no perfect test fixture. They all have
parasitic elements that affect measurement accuracy.
This is also true of the measurement circuit. To minimize
the effect these parasitic elements have on measurements,
the 4192A is equipped with an automatic ZERO offset
adjustment capability. Refer to Figure 3-30 for the
ZERO offset procedure.

3-8]1. The 4192A measures R £jX (impedance) in
equivalent series circuit mode and G tjB (admittance)
in equivalent parallel circuit mode. All other impedance
parameters are calculated from R +jX or G+ jB (refer
to paragraph 3-69). When one of the other impedance
parameters is measured (after offset adjustment), com-
pensation is made on the raw measurement data R +jX
or G % jB) before conversion into the selected parameter.

(1) ZERO SHORT
All measurement errors are represented as two
series residual parameters R +jX as shown in
Figure 3-22 and measured values are compensated
with following equations.

o—{ R} i x}{ bouT }o

Figure 3-22. Residual Impedance
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Table 3-18
Hd = Rm Rs
Xd = Xm — Xs
where Rd, Xd : Displaved values.
REm, Xm : Measured values. (2)
Rs, Rs : ZERO SHORT offset data

The 4192A calculates ZERQO SHORT offeet data
at other frequencies using the ZERQ SHORT
offset data at a particular frequency as shown in

Model 41924

Table 3-18 and compensates measured values at
other {requencies.

ZERO GPEN

All measurement errors are represented as two
parallel stray parameters, G +jB, as shown in
Figure 3-23 and measured values are compensated
with following equations.

Table 3-18. ZEROQ Offset Adjustments
ZERDG Offset Adjusiments
Measurement (Hz)
SHORT OPEN*
5 ~ 500 ZERO offset adjustment must be performed at each spot frequency. For example, offset adjustment at 5Hz is
rot valid at 6Hz,
500 ~ 100k ZERO SHORT offset at 100kHz is valid for all fre- | ZEROQ OPEN offset data is automatically recalculated
quencies from 500Hz to 100kHz, for each frequency within a given frequency range if
. ) i ZERO OPEN offset is performed at 1 MHz. The equa-
ZERG SHORT offset data is avtomaticelly recalcu- tions used for this are as follows:
lated for each frequency within a given frequency
range if ZERO SHORT offset is performed at the
maximum frequency of that range. The equations Ge = Go
100k ~ 1M used for this are as follows: Fm
Re = Rs X ~2-YFm B R
1% /Fs
Gp =Gm — G¢  Bp = Bm — B¢
Xe = Xs X-li_m—
Fs
Rp = Rm — Re Xp = Xm — Xc¢
ZERO  OPEN offsel data is automaticaily
recajculated for each frequency within a given
M ~ 10M frequency range if ZERO OPEN offset is performed
’ at the maximum frequency of that range. The
equations used for this are the same as those used in
the 508Hz to 1MHz range.
ZERO SHORT offser data is automatically recaleu-| ZERO OPEN offset data is automatically recalculated
lated for each frequency within a given frequency | for each frequency within a given frequency range if
10M ~ 13M range if ZERG SHORT offset is performed at 10MHz. | ZERO OPEN offset is performed at 10MHz. The
The equations used for this are the same as those used | equations used for this are the same as those used in
in the 100kHz to 10MHz range. the 500Hz to 1 MHz range.

Fm : Measuring frequency (MHz)
Fs
Fo
Re, Xe, Ge, Be Recaleudated offset data
Rs, Xs ZERO SHORT offset data

Go, Bo ZERO OPEN offset data

Rp, Xn, Go, Bp Displayed value of DUT

Rm, Xm, Gm, Gm Value measured by the 4192 A includes offset error,
®

: Frequency at which ZERCG SHORT offset adjustment is performed (M Hz).
¢ Frequency at which ZERG OPEN offset adjustment is performed (MHz).

: The ZERO OPEN offset adjustment should be performed at each measuring frequency in measurements on grounded devices.
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Gd = Gm — Go
Bd = Gm - Bo

where Gé&, Bd - Displayed Values.
Gm, Bm : Measured Values,
Go, Bo : ZERO OPEN offsef data

The 4192 A calculates ZERO OPEN offset data at
other frequencies using the ZERO OPEN offset
data at a particular frequency as shown in Table
3-18 and compensates measured values at the
other frequencies.
3-82. Actual Measurement Equivalent Circuit
3-83. The measuring circuit used to connect a test
sample to the UNKNOWN terminals actually becores
part of the sample which the instrument measures. The
four terminal pair configuration messurement employed
in the 4192A offers minimum residual impedance in the
measuring circuit. However, the four terminal pair meas-
urement system must be converted to a two terminal
configuration at/near to the sample because ordinary
components have two terminal leads. Moreover, addi-
tional stray capacitance appears in the measuring circuit
when a sample is connected to the test fixture. Figure

3-24 illustrates such stray capacitances present around
the component leads.

3-84. Diverse parasitic elements existing in the meas-
uring circuit between the unknown device and the
measurement terminals will affect measurement resulis.
These undesired parasitic elements are present as resistive
and reactive factors in series and conductive and suscep-

Section I
Paragraphs 3-82 to 3-84

Yy

181

iB
UT

0~—'~“m<i o E 0

Figure 323, Sway Admittance

Figure 3-24. Parasitic Elements incident to DUT Connections

tive factors in parallel with the test component. Figure
3-25 shows an equivafent circuit model of the measuring
circuit which includes the parasitic elements (usuaily

Rm =

Measured impedance {Rm + jXm) is:

R (1l + RGoy+ GoX?

iXm = jf

(1- wCoX + RGo)* + (@wRCo + GoX)?

+ Ro

X (1- @CoX)- wCoR?

{ (1 - wCoX +RGo)»? + (@RCo + GoX)? * WLO}

Measured admittance (Gm + jBm) is:

G (1 +GRo) + RoB?

Gm =T ToB + GRo) + (@Glo ¥ RoBY T &0
e B(l- @loB) - @LoG? '
iBm 3{ {1- @LoB + GRo)? + {(wGLo + RoB)? “"CO}

Figure 3-25.

Equivalent Circuits Including Residual Impedance
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Lo Effect of residual impedance on C — G measurement:
Gx
Rlo 'm & Cx @2 LoCx — 2 RoGx —~ LoGx¥C;
];-'Z‘:-“l Cm Cx (I +@?loCx ‘Rofi x ~ LoGx /Lx_)
e Gm ~ Gx (1 +2@*LoCx - RoGx +@? RoCx>/Gx)

Effect of stray admittance on L — R measurement:

Lm =~ Lx (1 —2GoRx +@?CoLx — CoRx%/Cx)
Rm &~ Rx (1 — GoRx + 2w’ Colx — w?Lx*Go/Rx)

Figure 3-26,

called residual parameters). In the equivalent measuring
circuit (Figure 3-25), Lo represents residual inductances
in test component leads, Ro is lead resistance. Go is con-
ductance between the leads, and Co is the stray capaci-
tance illustrated in Figure 3-24. Reactive factors in the
residual impedance and susceptive factors in the stray
admittance have a greater effect on measurement at
higher frequencies.

3-85. TFigure 3-26 shows the effect of residual imped-
ance on C — G measurement and the effect of stray
admittance on L — R measurement, Generally, Lo
resonates with the capacitance of the sample (series
resonance) and Co resonates with the inductance of the
sample (parallel resonance), respectively, at a specific
high frequency. Thus, the impedance of the test sampie
will have a minimum value corresponding to resonant
peaks, as shown in Figure 3-27. The presence of Lo and
Co causes measurement errors, as the phase of the test
signal currenti varles over a broad frequency region
around the resonant frequencies. Additional errors, due
to the resonance, increase in proportion to the square of
the measurement frequency (below resonant frequency)
and can be theoretically approximated as follows:

CERROR = w2LOCX + 100 (%)
Lerror & @?Colx - 100 (%)
where, @ = 2af(f: test frequency)

Cx = Capacitance value of sample.
Lx = Inductance value of sample.

At low frequencies, Lo and Co affect the measured in-
ductance and capacitance vatues, respectively, as simple
additive errors. These measurement errors cannot be
fully eliminated by the ZERO offset adjustment (which
permits compensating for residual factors inherent in the
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Effects of Residual impedance

test fixture used). This is because Lo and Co are peculiar
to the component being measured. Their values depend
on component lead length and on the distance between
the sample and test fixture. The measurement results,
then, are substantially the sample values including the
parasitic impednaces present under the conditions neces-
sary to connect and hold the sample.

180%

90

-180™

freq

Figure 3-27.  Effect of Resanance in Sample
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3-86. Measured Values and Behavior of Components

3-87. Measured resistive and reactive (conductive or
susceptive) parameter values of a component are not
always close to their respective nominal values. In
addition, certain electrical effects can cause the measure~
ment to vary widely. Measured sample values include
factors which vary such values because of electromagnetic
effects such as the well-known skin effect of & conductor,
the general characteristics of ferromagnetic inductor
cores, and effects of dielectric materials in capacitors.
Here, we'll discuss only the effects which result from
the interaction of the reactive (susceptive) parameter
elements (L, C, etc.) of a component,

3-88. The impedance of a component can be expressed
in vector representation by a combplex number as shown
in Figure 3-28. In such representation, the effective
resistance and effective reactance correspond fo the pro-
jections of the impedance vector |Z1<C8, that is, the real
{R} axis and the imaginary (iX) axis, respectively.

When phase angle, 6, changes, both Re and X change in
accordance with the definitions above. As component
measurement vparameters L, C, R, D, etc., are also re-
presentations of components related to the impedance

Figure 3-28, impedance Vector Representation

Section III
Paragraphs 3-86 to 3-90

vector, phase angle, 6, dominates their values. Consider,
for example, the inductance and the loss of an inductive
component at frequencies around its self-resonant fre-
quency. Figure 3-29 shows the equivalent circuit of the
inducicr, The inductance Lx resonates with the dis-
tributed capacitance Co at frequency fo. The phase angle
(8) of the impedance vector approaches 0 degrees (the
vector approaches the R axis) when the opeiéting fre~
quency is close to the resonant frequency. Thus, the
inductance of this component decreases while, on the
other hand, the resistive factor (loss) increases. At the
resonant frequency, fo, this component i purely resistive.
The effective resistance increases at resonance even if
the inductor has {ideally) no resistance at de¢. Conse-
quently, the loss factor varies sharply at frequencies
around the resonance point.

3-88. Measurement Time

3-90. Table 3-19 shows the measurement times for im-
pedance measurements made with the 4192A.

Jx 4 2 £ facfo<f3< fa

fo =

7 2 TN GS
Co & fo
- - R

b3

Rx Lx f3

~JX

Figure 3-28.  Typical impedance Locus of an Inductor
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Table 3-19
Table 3-19.  Measurement Time for Impedance Measurement
Measurement Measurement Measurement Frequency (Hz)
Function Mode &~ 15 16 ~ 150 150 ~ 460 [400 ~ 116k 116k ~ 13M
HIGH SPEED fﬂgg 1575 ~ 220 5 70 ~ 84 | 79~ o1
21/ 1¥I-6 | NORMAL 5”?0 +59 ~i%.0£+ 7 15?00 +59 ~1§%Q~(l+ 72 159 ~ 172 166~ 179
AVERAGE ii?.ﬁg +60 ~ -1—5%99 +73 1060 ~ 1073 1067~1080
HIGH SPEED 5—(?9—+ 455 58 65
R/G-X/B | NORMAL 5%00 +47 15200 +47 147 154
AVERAGE —Eﬂf@ +48 1048 1055
HIGH SPEED @ +605 ~ 22 w645 63 ~ 67 | 70~ T4
L/C—DJQ/R/G| NORMAL sofoo +52 ~ 5(;00 +55 15?00 +52 ~ ]—5%)9+ 55 152 ~ 155 159~ 162
AVERAGE 15?00 ¥52 ~ ES?OG +55 1052 ~ 1055 1059 ~1062
HIGH SPEED X0 4415 60 67
izl 1y NORMAL 200 4 49 15?00 +49 149 156
AVERAGE 3-5—?—0—0- +50 1050 1057
HIGH SPEED 50500 +415 54 61
R/X* NORMAL 39§9~+41 15?00 +41 141 148
AVERAGE i ?00 +43 1043 1050
HIGH SPEED 15?09 +44.5 57 64
Lic* NORMAL -§9f99~+ 45 ""1"“5'%9"(")'%- 45 145 152
AVERAGE A0 1 46 1046 1053

3-139),

Measurement times are typical values in ms; [ : measuring frequency (Hz).

* | Measuremnent times for iZ1/ 1Y, RfX and L/C are times at single measurements by setling an internal switch (refer to paragraph
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3-95. impedance Measurement Operating Instructions

3-96. Basic operating instructions for impedance meas-
urements are given in Figure 3-30.

(1} Turn On and Test Fixture Connection
a. Press the LINE ON/OFF key to turn the 4192A on.
b, Following turn on, the instrument will perform the following operations in the order listed.
1 Initial operational check is performed (refer to paragraph 3-7).

2 HP-IB address, set by the HP-IB control switch on rear-panel (refer to paragraph 3-117), is displayed on
DISPLAY A{eg., H-17).

2 Initial control setting is performed (refer to paragraph 3-9).

¢. Confirm that 4192A trigger lamp begins to flash.

d. Press the BLUE key and then the SELF TEST key to check the basic operation of the instrument. Refer to
paragraph 3-7 for details on the SELF TEST.
Note: The 41924 requires a one hour warm up time to satisfy all specifications listed in Table 1-1.

e. Setthe CABLE LLENGTH switch to the 0 position.

Note: Set the CABLE LENGTH switch to appropriate position when other test fixtures are used. Guard
terminal is sometimes used in high impedance measurements,

f. Connect the 16047A Test Fixture to the UNKNOWN terminals.

(2) Setting Measurement Conaditions

a. Select the desired DISPLAY A parameter by pressing the or (up-down} key. The indicator lamp
adjacent to the selected parameter will come on (refer to paragraph 3-69).

b. Select the desired DISPLAY B parameter (compatible with the DISPLAY A parameter selected in step a)
by pressing the key (refer to paragraph 3-69).

¢. Select the desired equivalent circuit mode, series ( Lo ) or parallel ( «[5F e ), by pressing CIRCUIT
MODE keys for selected DISPLAY A function {refer to paragraph 3-73).

d. Select the desired ZY RANGE by pressing the @ or E}} (up-down) key (refer to paragraph 3-71).

e. Press SPOT FREQ key. Set the desired spot frequency (initial setting is 100kHz) with the DATA input
keys (refer to paragraph 3-29) and press the appropriate ENTER key.

(Example) Spot frequency = 7.5MHz
ERE&OE?AS MH7 v

Key strokes :  [5) 06 O

The spot frequency setting, 7500.000kHz, is displayed on DISPLAY C (Test Parameter Data Dis-
play).

Figura 3-30. Operating fnstructions for impedance Measuzaments (Sheet 1 of 3)
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Figure 3-30

f. Press the O5C LEVEL kev. Sef the desired measuring signal level (initial setting value is 1'V) with the
DATA input keys {refer to paragraph 3-24) and press the appropriate ENTER key,

(Fxample} OS8Cilevel = 750mV

Keystrokes - (4] (7] ) (5 (]
The GSC level setting, 0.750V, is displayed on DISPLAY C.
(3y ZERO Offset Adjustments

Note: When the 160478 Test Fixture is used, close the protective cover to enable measurement. Closing the
cover electrically connects the instrument’s UNKNOWN terminals to the fixture, opening the cover dis-
connects the fixture from terminals.

a. Insert a low impedance shorting-bar to the Test Fixture to short-circuit the UNKNOWN terminals to 08
{(OH),

b. Press the BLUE key and then the ZERO SHOR'T key. Indicator lamp will come on and R (resistance) and
X (reactance) offset adjustments are automatically performed at the spot frequency displayed on DISPLAY
C (refer to paragraph 3-79). CAL (calibration) is displayed on DISPLAY A and will remain until the offset
adjustment is completed; a value of approximately zero will then be displayed.

HHORT

Key strokes :

¢. Remove the shorting-bar from the test fixture.
d. Set the circuit mode to o5

e. Press the BLUE key and the ZERO OPEN key. Indicator lamp will come on and G (conductance) and B
{susceptance) offset adjustments are automatically performed at the spot measuring frequency displayed on
DISPLAY C (refer to paragraph 3-79). CAL (calibration) is displayed on DISPLAY A and will remain until
the offset adjustment is completed; a value of approximately zero will then be displayed.

GREN

Key strokes : (¢]

(4) Connecting 2 DUT (Device Under Test)

a. Connect a DUT to Test Fixture.

Note: To accurately set the test signal level, use the TEST LEVEL MONITOR key to monitor the actual

test signal level applied to the DUT (voltage or current) {refer to paragraph 3-91). If necessary, resef
OSC LEVEL ar step {3Mf).

b. The 4192A will automatically display the measured values of the DUT in accordance with the measurement
conditions.

Figure 3-30. Operating Instructions for Impedance Measurements {Sheet 2 of 3)
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391, Test Signal Level Monitor

3-97. The 4192A can measure the actual test signal
voltage (V) across the DUT or test signal current (mA)
through the DUT by using TEST LEVEL MONITOR key.
The measured value is dispiayed on the Test Parameter
Data Display. IE‘“‘.;;,@EL
Key strokes (voltage) : @
Key strokes {current): {Br@

TESY LEVEL
MONITOR
L rafy

¥

Accuracy for the test signal voltage and[{%z‘rent is given
in Table 3-20. The accuracies listed in the table are not
specifications; they are typical values. The read out of
test signal voltage will normally be close to the setting of
the OSC LEVEL. However, when a low impedance com-

Section IH

Faragrephs 391 and 3-92

ponent (iess than approximately 1k€2) is connected to

the UNENOWN terminals as & DUT. the test signal volt-

age decreases because of internal loading. Actual fest

signal woltage is, thus, lower than the OSC LEVEL

setting. The displayed value, nevertheless, is the correct

voltage/current readout for the test signal level actusliy
being used in the measurement.

When test cables are used in high frequency measure-
ments, accuracy of the displayed fest voltage is reduced.
This is because the propagation loss in the test cables
decreases the level of the test signal applied to the sample.
The typical accuracies at frequencies above 1MHz, given
in Table 3-20, apply only when a direct attachment
type test fixture is used.

Table 3-20. Test Signal Level Monitor Accuracy

Measurement Mode | Measurement Range | Resclution|Measuring Frequeney Acouracy®
< 100Hz + (4 + 10/) % of reading + 1 mV)
Voltage SmV ~ 1.1V ImV 100Hz ~ 1MHz £ ( 4% of reading + 1mV)
> 1MHz = ({4 + 0.8F) % of reading + 1 mV)
< i00Hz t ({4 + 10/f) % of reading + 1 nA)
Current TuA ~ 11mV LA, 100Hz ~ IMHz £ ( 4% of reading + 1pA)
= 1MHz (4 +0.8F) % of reading + 1 pA)
% ¢+ at 23°C £ 5°C, f: measuring frequency (Hz), F : measuring frequency (MHz).
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3-93. Characteristics of Test Fixtures

3-94. Characteristics and applicable measurement ranges
of HP test fixtures and test leads for the 4192 A are sum-
marized in Table 3-21. To facilitate measurement and to
minimize measurement errors, a test fixture appropriate
for the measurement should be chosen from among HP’s
standard accessories. Select the test fixture or leads that
have the desired performance characteristics.

Table 3-21. Typical Characteristics of Test Fixtures and Leads

Model 4192A

Nodel No. Residual Parameter Value % of Reading Error (All Parameters)*! Offset Value in D

16047 A 5 X (fw)2 % £0.02 X (3:— 2
10 ’ 10

16047B%2

16047C k1 X (i»)2 % $0.01 X ("i- 2
10 ) 10

16048A
f 2 u £

5 X (m) % 002 X (10

160488

16048C*a C<5pF, L<200nH, R<10m&

16034B*4 C<0.02pF, L<<300H, R < 30ms} £5X ({:6“)2 % £0.02 X (lf_[} 2

16095A%5 C<15pF, L<40nH, R<100me)

. » +0.
[6096A% C<00IpF, L {100+ 058 )nH,
R< (50 +5f%) mQ
f . frequency (MHz)

*1 1 The incremental errors cajculated from the equations in the table for measurements at frequencies above 1 MHz are additive,

*2 : The 160478 is useable only at frequencies below 2 MHz.

*3 . The 16048C is useable with C (> 1000pF) and L (> 100.H) DUT’s at frequencies below 100kHz,

*4 . The 16034B is useable for measurements on high impedance DUTs (1Z2i>500).

#5 1 When BNC adapter is used.

*6 1 At BNC connector after zero offset.
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Figure 3-30

CAUTIONS

1) Do not apply voltage to theLour or Lpor terminals.  To do so may damage the instrument.

2) The 4192A can be used to measure charged capacitors; however, charge voltage is limited,
If the limit is exceeded, i.e., if the charge voltage is too high, the Instrument may be
damaged. The limit depends on whether the 4192A'% internal de biag source is ON or OFF
and the capacitance of the capacitor being measured. Refer to the graph below. Also,
when the bias source is ON, output voltage should be get to 0V.

3) When making impedance measurements on an active circuit (e.g., veltage source, battery,
ete,), DO NOT allow a de voltage exceeding £10V to be applied to the Hour terminal. To do
so may damage the instrument. Also, in these measurements, the 4192A becomes part of

below. When the de bias voltage of the eircuit is higher than 210V, conneet a 2.2uF {or
less) capacitor in series with the Hcur terminal to block the de bias voltage. If a suitable
capacitor is not available from conventional sourees, order HP Part No.: 0160-0128; 2.2uF,
50V,

The 18095A Probe Fixture is equipped with this blocking capacitor; the 160964, however, is
not. When the I6096A is used, connect the blocking capacitor to the SHORT/EXTERNAL
CAP terminals instead of the short-connector. With the bloeking eapacitor eonneated, the
output impedance of the test signal source is inereased and, thus, the signal level is
reduced. Consequently, accurate impedance measurements on active circuits are possible
only gbove a specified frequency for a given |Z] range. Refer to the graph below. For
example, if the impedance of the DUT is 9k, the 4192A automatically selects the 10kf2
range. On this range, with the 2.2uF capacitor connected, the lowest useable frequency is
approximately 8$0Hz. At frequencies below 80Hz, accuracy of measurement results
decreases, For measurements at lower frequencies, a higher value blocking capacitor must
be used. To measure the 9kl DUT mentioned above at 10Hz, for example, a blocking
capacitor of approximately 12uF must be used.

To change the value of the bloeking capacitor in the 18095A, an external capacitor must be
connected to the EXT CAPACITOR terminals. The value of this capacitor must be equal to
the desired blocking capacitor value (determined from the graph) minus 2.2uF (the value of
the blocking capacitor in the 16095A).When the value of the bloeking capacitor is higher
than 2.2uF, the maximum sllowable de bias voltage is 10V, NEVER apply a de voltage
exeeeding £35V to the Harterminal.

o 1007 f
g 85 ‘%_
5 504 &
g BIAS ON
S i e et 35y
=z EIAS OFF
0 T v T T 3
108 in tom 100m H
Capacitance (F) Heasurement Freguency (Hz}
Measurement Frequency @ < 38kHz ' ® 238kHz
ZY RANGE <Tk$ 0k =100k < k@ 210k0
DC Load 1408 9864 8.4k 1400 1608

Figure 3-30. Operating Instructions for Impedance Measursments {Sheet 3 of 3}
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3-97. Swept Frequency Measurements

3-98. Basic operating instructions for swept-frequency
impedance measurements are given in Figure 3-31.

Notes: 1. Before proceeding with the procedure given below, set the 4192A4°s controls as necessary for an impedance
measurement. Refer to Figure 3-30.

2. The 41924 has a ZERO offset adjustment function to eliminate the residual impedance and stray ad-
mittance of the fest fixture and test leads. ZERQ offset adjustment should be performed at each spot
(measuring) frequency. However, the 41924 calculates ZERO offset data (SHORT and OPEN) at other
frequencies using the ZERO offset data taken at a particular frequency as shown in Table 3-18 and compen-
sates measured values at other frequencies. When a swept-frequency measurement is performed. ZERO
offset adjustment should be performed at the appropriate frequency in accordance with Table 3-18. In this

procedure {Example START FREQ = 100kHz and STOP FRE(Q = IMHz), ZEROQ offser adjustment
(SHORT and OPEN) should be performed at 1MHz,

(1) Setting Sweep Parameters

a. Press the START FREQ key. Set the start (lower limit) frequency (initial setting value is 5Hz) of the
desired sweep frequency range with the DATA input keys {refer to paragraph 3-24) and press the appro-
priate ENTER key.

(Example)  Start frequency = 100kHz

CH N Kz mv

Key strokes : Eﬂfmﬁs E} [:(i] D

The start frequency setting, 100.0000kHz, is dispiayed on DISPLAY C (Test Parameter Data Dis-
play).

b. Press the STOP FREQ key. Set the stop (upper limit) frequency (initial setting is 13MHz) of the desired

sweep frequency range with the DATA input keys (refer to paragraph 3-24) and press the appropriate
ENTER key.

(Exampie) Stop frequency = 1MHz
erioiins -

Key strokes : @ D

The stop frequency setting, 1000.000kHz, is displaved on DISPLAY C.

Note: The stop frequency should be higher than the start frequency. If not, error-code E-03 will be
displayed on DISPLAY C when swept measurement is attempted and measurement will be not
performed,

¢. Press the STEP FREQ key. Set the desired step frequency (initial setting is 1 kHz) with the DATA input
keys (refer to paragraph 3-24) and press the appropriate ENTER key.
{Example) Step frequency = 1kHz

grEe
EREC/GiAG kst oW

Key strokes 1 [9] (]

The step frequency setting, 1.000000kHz, is displayed on DISPLAY C.

Figure 3-31. Operating Instructions for Swepi-Frequency Impedance Measurements (Sheet 1 of 3)
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Figure 3-31

Note: In LOG SWEEP measurement applications, STEP FREQ. has no meaning. To set the instrument fo
logarithmic sweep mode, press the BLUE key and the LOG SWEEP key;
come on. In this mode, automatic or manual sweeps are made at twenly frequency steps per
decade, Fach step is calculated from the following formula:
F X 100.053\1

where F is the start frequency {5Hz, 10Hz, 100Hz, T kHz, 10kHz, 100kHz, IMHz, or 10MHz) and
N is an integer that represents the step number. For example, if the start frequency is 100kHz and
the stop frequency is 1MHz, the sweep will be as follows:

the indicator lamp will

1 112.2018kHz 6 199.5262kHz 11 354.8133kHz 16 630.9573kHz
2 125.8925kHz 7 223.8721kHz 12 398.107]1kHz 17 707.9457kHz
3 141.2537kHz 8 251.1886kHz 13 446.6835kHz 18 794,.3282kHz
4 158.4893kHz g 281.8382kHz 14 501.1872kHz 19 891.2509kHz
5 177.8279kHz 10 316.2277kHz 1B 562.3413kHz 20 1000.000kHz

(2) Manual Sweep
In manual sweeps, the sweep begins at the spot frequency and the sweep range is determined by the start and
stop frequencies.

d.

The start and stop frequencies, which determine the sweep range, are limited to decade values
(10, 100 1k, 10k, 110Gk, 1M, 10M). If. for example, the start frequency is set to 50kHz and the
stop frequency is set to S00kHz, the instrument automatically sets the sweep range to 10kHz to

1MHz There are, however, two exceptions to this: (1) when the start frequency Is set 1o a value
below 10Hz and (2) when the stop frequency is set to a value above 10MHz. In such cases, the
instrument automatically assumes a start frequency of SHz and a stop frequency of 13MHz, re-
spectively.

Set the desired spot frequency (initial setting is 100kHz) with the DATA input keys (refer to paragraph
3-24) and press the appropriate ENTER key.

{Example) Spot frequency = 100kHz

SPOT
RE KHE mv

Key strokes : gﬁm E] @ @ D

The spot frequency, 100.0000kHz, is displayed on DISPLAY C.

Press the STEP UP key or STEP DOWN key to shift the frequency one step (determined by
the step frequency setting) in the indicated direction.

Notes: 1. In logarithmic sweep mode, the measurement frequency is automatically shifted to the nearest
frequency that satisfies the equation F X 10%9% = Fm |, where F is the start frequency, Fm is

the measurement frequency, and N is an integer that represents the step number,
2. If the spot frequency is higher than the stop frequency or less than the start frequency, error-
cord E-04 will be displayed on DISPLAY C and the measurement will not be performed.

Pressing and holding the STEP UP ( @ } key or STEP DOWN ( @ ) key continuously advances swept
frequency measurement.

When X10 STEP key is pressed simultanecusly with the STEP UP { @ } or STEP DOWN ( ) key,
the step frequency is increased by a factor of ten. (This is for linear sweeps only.)

Figure 3-31. Operating Instructions for Swept-Frequency Impedance Measurements {Sheet 2 of 3)
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{(3) Auto Sweep

b. 1

quency sweep ends at the start frequency.

Note:

DOWN ( [Z] ) key.

and then press the SWEEP ABORT key.

SWEER
AgORT

Key Strokes : Ej

Notes:

and the sweep is continued.

a. Press MAN/AUTO key to set to auto sweep mode (indicator lamp comes on).

Pressing the START UP { Eﬁ_} ) key starts the frequency sweep from the programmed start frequency.
The frequency sweep ends at the stop frequency.

2 Pressing the START DOWN ( @ } key starts the frequency sweep from the stop frequency. The fre-

1) Swept test freguency is displayed on DISPLAY C.
2) ZY RANGE is automatically set to AUTO when autc sweep 1s started.

¢. To temporarily stop a swept frequency measurement, press the PAUSE key. Start frequency, stop fre-
quency, step frequency, sweep direction, and sweep mode (linear or logarithmic, auto or manual) can be
changed when the PAUSE function is set. To restart the sweep, press the START UP ( ) key or START

d. AUTO sweep measurement mode is automatically released when the swept measurement ends (reaches the
stop frequency or start frequency). To stop the sweep before the measurement is completed, press blue key

To return to normal spot frequency measurement, press the SWEEP AUTO key (indicator lamp goes off).

1) When & swept frequency measurement is made, if the sweep comes to a
frequeney band which has lower frequeney resolution than the STEP FREQ.,
this STEP FREQ. automatically changes to the higher resolution frequency,

2) When the swept frequency crosses 38kHz, an additional 50msec is required
for measurement ecircuit stabilization.

Figure 3-31.

3-99. Swept OSC Level Measurements
3-100. The OSC level can be manually swept in 1 mVrms
(5mVrms at 100mVS) steps by pressing the STEP UP
(] key or STEP DOWN key. In impedance
measurements, the OSC level can be swept while monitor-
ing the actual test signal volfage across- or the current
through the device under test (DUT) using the TEST
LEVEL MONITOR function {(refer to paragraph 3-91).
Therefore, accurate test signal level characteristics of the
DUT can be obtained easily.
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3-101. internal DC Bias Supply

3-102. The 4192A is equipped with an internal, pro-
grammable dc bias supply controllable from 0.00V to
35,00V {for impedance measurements only). This
provides step bias voltage control in 10mV increments
over the entire controllable range as well as providing
an accurate voltage selting capability (x0.5% of setting
+5mV) {o facilitate up-to-date use in applications re-
quiring precision bias voltage control such as analysis
of material properties and semiconductor testing. The
bias can be programmed and bias parameters memorized,
further enhancing utility of the internal bias supply.
Operating instructions on measurements using the in-
ternal dc bias supply are provided in Figure 3-32.



Model 4192 A Section 11
Figure 3-32

Notes: 1. Before proceeding with the procedure given below, ser the 4192475 conrols for an impedance measure-
ment. Refer to Figure 3-30,

2. Test frequency can be swept while using the internal de bigs set to desired {spot) voltage.
To apply a stationary (fixed) bias voltage {o the sample, set the desired bias voltage using the following procedure:

(1} Press the BLUE key and SPOT BIAS key. Set the desired spot bias voltage (initial setting is OV) with the
DATA input keys (refer to paragraph 3-29) and press the appropriate ENTER key.
(Example) Spot bias voltage = - 3.5V

SPOT
FREQH

Key strokes : E] B E] D
The spot bias voltage setting, —3.50V, is displayed on DISPLAY C (Test Parameter Data Display).

Notre: The internal de hias voltage is applied 1o the sample just after the bias voltage value is set by the front-
panel control keyvs (requires no trigger signal).

WARNING

WHEN THE INTERNAL DC BIAS VOLTAGE IS APPLIED TO THE SAMPLE, THE"BIAS-ON'INDICATOR
COMES ON., WHILE THE BIAS ON INDICATCR IS ON, REMEMBER THAT THE 41924 IS OUTPUTTING

A DC BIAS VOLTAGE FROM THE UNKNOWN TERMINALS, EVEN IF DISPLAY C IS NOT DISPLAYING
THE BIAS VOLTAGE.

{2) Press the BLUE key and the BIAS OFF key to stop output of the internal dc bias voltage. The BIAS ON
indicator lamp will go off.

BIAS
OFF
Key strokes :

WARNING

WHEN A DC BIAS VOLTAGE EXCEEDING 5V B BEING OUTPUT AND THE BIAS OFF
KEY IS PRESSED, THE BIAS ON INDICATOR LAMP GOES OFF BUT THE OUTPUT
VOLTAGE DOES NOT IMMEDIATELY RETURN TO 0V. IT DECREASES LINEARLY (as
shown graphically below) UNTIL IT REACHES +5V. THE TRANSITION FROM 5V TO 0V
IS INSTANTANEQUS., THE DISCHARGE TIME IS CALCULATED AS FOLLOWS :

b BIAS )
ort td = (|vo] EdS) x Cx (s)

Where, td: Discharge Time (s)
Yo: Output Voltage (V)
Cx: DUT's Capacitance (F)
Id: Discharge Current (0.025A constant)

{ex.} Vo = 35V, Cx = ImF

e td 30 x 0.001 _
td = =5 me = 1.2 (s)

Figure 3-32. Operating Instructions for internal DC Bias Supply
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3-103. Swept Bias Voltage Measurements

3-104. Basic operating instructions for swept-bias voltage
impedance measurements are given in Figure 3-33.

Note: Before proceeding with the procedure given below, set the 4192A's controls as necessary for an impedance
measurement. Refer to Figure 3-30.

(1) Setting Sweep Parameters

a. Press the BLUE key and START BIAS key. Set the start (lower limit) voltage (initial setting is —35V)
of the desired sweep bias voltage range with the DATA input keys (refer to paragraph 3-24) and press the
appropriate ENTER key.

{(Example) Start bias voltage = -5V

Key strokes : 0 & "{j

The start bias voltage setting, -5.00V, is displayed on DISPLAY C (Tesf Parameter Data Display).

b. Press the BLUE key and STOP BIAS key. Set the stop (upper limit) voltage (initial setting is 35V) of
the desired sweep bias voltage range with the DATA input keys (refer to paragraph 3-24) and press the
appropriate ENTER key.
{Example) Stop biasvoltage = 8.5V

MHE Y

Key strokes : h[i.fj L .

The stop bias voltage setting, 8,50V, is displayed on DISPLAY C.

Note: The stop bigs voltage should be higher than the start bias voltage, If not, error-code E-03 will be
displayed on DISPLAY C when swept measurement is attempted and measurement will be not
performed.

¢. Press the BLUE key and STEP BIAS key. Set the desired step bias voltage (initial setting is 1 V) with the
DATA input keys (refer to paragraph 3-24) and press the appropriate ENTER key.

(Example)  Step bias voltage = 0.1V

STEF
FREQ/HIAS

Key strokes : olin '@"

The step bias voltage setting, 0.10V, is displayed on DISPLAY C.
Note: The LOG SWEEP cannot be performed for swept bias voltage measurements,

{2} Manual Sweep
In manual sweeps, the sweep begins at the spot bias voltage and the sweep range is determined by the start and
stop bias voltages.

a. Set the desired spot bias voltage (initial setting is 0V) with the DATA input keys (refer to paragraph 3-24)
and press the appropriate ENTER key.

{Example) Spot bias voltage = 1V

MHE ¥

Key strokes : [j
The spot bias voltage, 1.00V, is displayed on DISPLAY C.

Figure 3-33. Operating Instructions for Swept:Bias Voltage Impedance Maasucements (Sheet 1 of 2)
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b. Press the STEFP UP key or STEP DOWN (3] key to shift the bias voltage one step {determined by
the step bias voltage setting) in the indicated direction.

Note: If the spot bias voltage is higher than the stop bias voltage or less than the start bias voltage, error-
code E-04 will be displayed on DISPLAY C and the measurement will not be performed.

¢. Pressing and holding the STEP UP ( } key or STEP DOWN ( @ ) key continuously advances swept
bias voltage measurement.

d. When X10 STEP key is pressed simultaneously with the STEP UP ( @ yor STEP DOWN ( }Ykey, the
step bias voltage is increased by a factor of ten. (This is for linear sweeps only.)

(3} Auto Sweep
a. Press MAN/AUTO key to set to auto sweep mode {indicator lamp comes on).

b. @ Pressing the START UP ( @ ) key starts the bias voltage sweep from the programmed start bias volt-
age. The bias voltage sweep ends at the stop bias voitage.

@ Pressing the START DOWN ( @ )} key starts the bias voltage sweep from the stop bias voltage. The
bias voltage sweep ends at the start bias voltage.

Note: Swept bias voltage is displayed on DISPLAY C.

c. To temporarily stop a swept bias voltage measurement, press the PAUSE key. Start bias voltage, stop bias
voltage, step bias voltage, sweep direction, and sweep mode (linear or logarithmic, auto or manual) can be
changed when the PAUSE function is set. To restart the sweep, press the START UP ( Ykey or START
DOWN ( [3) ) key. '

d. AUTO sweep measurement mode is automatically released when the swept measurement ends (reaches the
stop bias voltage or start bias voitage). To stop the sweep before the measurement is completed, press
BLUE key and then press the SWEEP ABORT key.

SWEER
ABCAT

Key strokes : =]

To return to normal spot bias voltage measurement, press the SWEEP AUTO key (indicator lamp goes off).

Figute 3-33. Ogperating Instructions for Swept-Bias Voltage Impedance Measurements (Sheet 2 of 2}

3-105. Measurement of Grounded Devices

3-106. The unique measuning circuitry of the 4192A
provides direct, accurate impedance measurements of not
only floated and but also grounded devices. Such meas-
urement conditions are, for example, the distributed
capacitance measurement of a coaxial cable with a
grounded shield conductor or the input/output imped-
ance measurement of a single ended amplifier. Low
grounded measurement accuracy is unspecified, but
typical measurement accuracy is provided in Table 1-21.

3-107. External DC Bias

3-108. The special biasing circuits and procedures for
using external voltage or current bias, as needed for
capacitance or inductance measurements, are provided in
Figure 3-34. The figure shows sample circuits appropriate
for 4192A applications. The biasing circuits prevent dc
current from flowing into the 4192A, as dc current in-
creases the measurement error and because the excess
current may damage instrument. When applying a dc
voltage to capacitors, be sure the applied voltage does not
exceed the maximum specifie¢d voltage of the capacitor
and that the capacitor is connected with correct polarity.
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(13 External DC Bias Voltage (£ 200%)
a. Press the LINE ON/OVF key to turn the 4192A off,

b. Connect the external do bias source o the 4192A as shown in the figure below:

- o !HP ! where Cx : Sampie capacitor
i crs cns ] e Ex : External de bias volate (< 200V)
B} @ ¢y Blocking capacitor
cre ﬁ;i{ Capacitance Value :
3/
o C’%T e C, g%; T (f © measuring frequency (Hz))
i‘” DC Withstand Voltage : > Fx.
Ex (£200V) y . .

T C, : Blocking capacitor

Capacitance Value s 1uF

Figute A, Fioating W :
gure oating Feasurement DC Withstand Voltage : > Ex.

Le e

s

CR:, CR2 : HP Part No. : 19020176
Diode~Zener, 47V5%, 1W
CRs, CRa : HP Part No. : 1902-1299
Diode-~Zener, 33V5%, 1W
CRs, CRe : HP Part No. : 19010646
Diode~Zener, 3.3V5%, 'W

o Ex {£200V)

Figure B, Low-grounded Measurement

Cautions: 1. Never apply an external dc bias voltage of over 200V and never connect the Hpgr terminal

to the Leyg or Lpor terminal. To do se may damage instrument. Make sure that the
sample capacitor is not defective,

2. When a positive bias voltage is used, positive poles of electrolytic capacitors (Cx, C, and C,)
must be connected to the positive (+) terminal of the external de bias source as shown in the
figures above. A negative bias voltage can also be applied. In this arrangement, the negative

poles of Cx, C;, and C, must be connected to the pegative {(~ ) terminal of the external de
bias source.

Note: Ripple or noise on external de bias source should be as low as possible,

¢. Set the 4192A’s controls as necessary for an impedance measurement. Refer to Figure 3-30, but following
seftings should be made.

DISPLAY A Function ........ ... 0 . C
BIAS OFF
CIRCUIT MODE .. ... .. . o.ﬁ}o

d. Apply desired dc bias voltage to the sample capacitor with the external dc bias source.

¢. Read the capacitance value — on DISPLAY A — after allowing time for bias voltage to settle.

Figure 3-34. External DU Voltage Supply (Sheet 1 of 2
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{2} Extemal DC Bias Current

e

v
cr3  CchRi
I i (ig)
Lz i s
?1“ CR&  CRZ
Ex {0V}
Figure C.  Floating Measurement
e Le HP HC
CR® CRY \1
A
St
CRIO (RB
(B
N
ct
Lx T e e
BTN X 1
"L- LR5  CRI
Ie ¥ N
lu o4
?L% CRE CR2
£x (LI0V)

Figure D. lLow-grounded Measurement

settings should be made.

DISPLAY A Function
BIAS

a. Press the LINE ON/OFF key to turn the 4192A off,

b. Connect the external dc biag source to the 4192A as shown in the figure below:

where Ex : Sample inductor

L (S0 ~250) X Lx

f.2 N 551

Ex + External dc bias voltage (< 10V)

Ix : External dc bias current

Current Value:
Ix = : Lt
Output Resistance of Bx + ESR of L; + BSR of L;
C, : Blocking capacitor

Capacitance Value :

C, = —;-ﬁ%—l—f (f : measuring frequency {Hz))
DC Withstand Voltage : > Ex.

C, : Blocking capacitor
Capacitance Value s lul
D¢ Withstand Voltage : > Ex.

CR., CRz : HP Part No. : 1902--0202
Diode~Zener, 15V5%, 1W

CRs, CR4 : HP Part No. : 19620176
Diode-Zener, 47V3%, 1W

{Rs, CRs : HP Part No. : 190106406
Diode-Power, 200V, 1A

CR,, CRs : HP Part No. : 1902—1299
Diode Zener, 3.3V5%, 1W

CRs, CR1 o :HP Part No. : 1901--0646
Diode~Power, 200V, 1A

CAUTION

NEVER apply an external dc bias current of over 1A and NEVER remove the DUT when a d¢ current
of over 25mA is flowing. To do so may damage the instrument.

c. Set the 4192A%s controls as necessary for an impedance measurement. Refer to Figure 3-30, but following

d. Apply desired dc bias current to the sample inductor with external dc bias source.

e. Read the inductance value — on DISPLAY A — after aliowing time for bias voltage to seftie,

Figure 3-34. External DC Voltage Supply {Sheet 2 of 2}
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3-109. HP-iB INTERFACE

3-110. The 4192A can be remotely controlled via the
HP-IB, a carefully defined instrument interface which
simplifies integration of instruments and a calculator or
computer into a system.

Note: HP-IB is Hewlett-Packard’s implementation of
TEEE Std. 488, Standard Digital Interfuce for

FProgrammable Instrumentation,
3-111. Connection to HP-IB

3-112. The 4192A can be connected into an HP-IB bus
configuration with or without a controller (i.e., with or
without an HP calculator). In an HP-IB system without
a controller, the instrument functions as a “‘talk only” de-
vice (refer to paragraph 3-117.)

3-113. HP-IB Status Indicators

3-114. The HP-IB Status Indicators are four LED lamps
located on the front panel. When lit, these lamps show
the existing status of the 4192A in the HP-IB system as
follows:

SRQG: SRQ signal from the 4192A to the con-
troller is on the HP-IB line. Refer to para-
graph 3-127.

LISTEN:  The 4192A is set to listerier.

TALK: The 41924 is set to talker.

REMOTE: The 4192A is remotely controlled.
3-115. LOCAL Key

3-116. The LOCAL key releases the 4192A from HP-IB
remote contrel and atlows measurement conditions to he
set from the front-panel. The REMOTE famp will go off
when this key is pressed, LOCAL control is not available
when the 4192A is set to “local lockout” status by the
controller.

3-117. HP-IB Contro! Switch

3-118. The HP-IR Control Switch, located on the rear
panel, has seven bit switches as shown in Figure 3-35.
Each bit switch has two seftings: logical 0 (down posi-
tion) and logical 1 {up position).

The left-most bit switch, bit 7, determines whether the
instrument will be addressed by the controller in a multi-
device system, or will function as a “talk only” device to
output measurement data and/or instructions to an
external “listener ™ e.g., printer, When bit switch

3-68
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7 ig set to O, the instrument is in ADDRESSABLE made
and bit switches | through 5 determine the instrument
address; when this bit switch is set to 1, the instrument is
in TALK ONLY mode.

Bit switch 6 determines the output data delimiter. When
this bit switch is set to 0, the delimiter is a comma (,):
when set to 1, the delimiter is a carriage return and line
feed (CR/LF). Refer to Fipure 3-36 for the fanction of
each delimiter.

Bit switches 1 through 5 are used to set the HP-IB address,
in binary, of the 4192A when bit switch 7 is set to
ADDRESSABLE.

Note: The HP-IB Control Switch, as set at the factory,

is shown in Figure 3-35.

When the 41924 is rurned on, the HP-IB address
is displaved, in decimal, on DISPLAY A. For ex-
ample, the factory-set address is displayed as “H-
177

- TALK ONLY
i—CR / LF

] @
H B <o
A e a e A
COMMA
ADDRESSABLE

Bits 1 ~5:17
Bit 6: Format A {comma)
Bit 7: Addressable

FOEL

Figure 3-35, HP-IB Control Switch
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3-119, HP-IB Interface Capabilities

3-120. The 4192A has eight HP-IB interface functions, as
listed in Table 3-22.

3-121. Rasmote Program Code

3-122. Remote program codes for the 4192A are listed

Section 1L
Paragraphs 3-119 o0 3-1272

in Table 3-23.

Table 3-22. HP-1B Interface Capabilities
Code interface Funf:?i(‘m*
{(HP-1B Capabilities)
SH1#* | Source Handshake
AH1 Acceptor Handshake
T5 Tatker (basic talker. serial poll, talk only
mode, unaddress to talk if addressed to
listen)
14 Listener {basic Hstener, unaddress fo
listen if addressed to taik)
SR1 Service Request
RL1 Remote/local (with local lockout)
DC1 Device Clear
DTl Device Trigger

* Interface functions provide the means for a de-
vice to receive, process, and transmit messages

over the bus,

** The suffix number of the interface code in-
dicates the Hmitation of the function capability
as defined in Appendix C of IEEE Std. 488.

Table 3-23. Bemote Program Code (Sheet 1 of 3}

Item Control Program Code Description
Deviation Meas- OFF AN
urement for A AD
DISPLAY A AV AP
Deviation Meas- OFF BN
urement for FAN BD
DISPLAY B A% BP
DISPLAY A Z/Y Al Combinations of A and B are listed in the
Function R/G AZ table below:
L A3 =
C A4 A ' : ’
B—A (dB) A5 1zl Y- o (el 1Z1/1Y] —6 (ad)
{dBY)
A{dBm/dB A6 *
B (¢Bm/dBV) A7 2 R/G - X/B
3 L-Q L-D L - R/G
DISPLAY B 8 (deg) Bl*l 4 c-0Q € -p ¢ —R/G
Function & (rad) B2 B A @B
X/B Bt ~ B3 . > GROUP B-A@EB) | B-A(dR)
Q Bi DELAY - 8 (deg) — 8 (rad)
D B2 6 A(dBm/dBV) *
R/G B3 ”
GROUP DELAY Bl 7 BaBm/IBY)
0 (deg) B2 * Program code for DISPLAY B I8
g (rad) B3 not necessary.

3-69



Section il
Table 3-23

3-70

Model 41924

Table 3-23. Remocte Program Code (Sheet 2 of 3)
[tem Control FProgram Code Description
Recali Parameter | SPOT FREQ. FRR*
STEP FREQ. SFR
START FREQ. TFR
STOP FREQ. PFR
SPOT BIAS BIR
STEP BIAS SBR
START BIAS TBR
STOP BIAS PBR
OSC LEVEL OLR
REF A RAR
REF B RBR
TEST LEVEL \ TV
MONITOR ™2 mA TA
Key Status Save SAVE 0 SA0
{Memory) SAVE 1 SA1
SAVE 2 SA2
SAVE 3 SA3
SAVE 4 SA4
Saved Key RCLO RCO
Status Recall RCL 1 RCI
RCL 2 RC2
RCL 3 RC3
RCL 4 RC4
DC BIAS™ OFF 10*!
ZERO OPEN™2 OFF z00*!
ON ZO1
ZEROC SHORT™ OFF 7s0*!
ON ZS1
AVERAGE OFF vo*d
ON V1
HIGH SPEED OFF Ho*!
ON H1
SELF TEST ON Si
X-Y RECORDER OFF x0*! “LL” and “UR” cannot be used when
ON X1 the X-Y Recorder function is set to ON
Lower Left LL {X1).
Upper Right UR
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Table 3-23. Remote Program Code (Sheet 3 of 2)
ftem Contre? Program Code Description
STORF DISVLAY |
AJR Sh
1.OG SWEEP OFF Go™
ON &
SWEEP ABORT AB
SWEEP MANUAL wo"l
- AUTO W1
MANUAL SWEEP STEP UP W2 W2 and W4 gct ag STEP UP and STEP
STEP DOWN W4 DOWN when the SWEEP mode is set to
MANUAL (W0).
AUTO SWEEP START UP W2 W2 and W4 act as START UP and
PAUSE W3 START DOWN when the SWEEP mode is
START DOWN W4 set to AUTO (W1
CIRCUIT AUTO ci*!
MODE*2 Series 2
Parailel C3
GAIN MODE dBm Nl These programming codes cannot be used
dBV N2 when DISPLAY A function is set to Al,
A2, A3, or A4,
ZY RANGE™? 1$2/108 R1 Remote programming code RI cannot
1082/18 R2 be used with some SPOT FREQ/OSC
10082/100mS R3 LEVEL settings.
1k&2/10msS R4
10k&2/imS RS
100k&/100u8S R6
IM&G/10uS R7
AUTO rg*!
TRIGGER INT 1171 These code only set the TRIGGER mode;
EXT T2 they do not trigger the instrument,
HOLD/MANUAL T3
Data Ready OFF po*! If Data Ready is set to ON, an SRQ signal
ON I3 is output when the measurement is com-
pleted.
Output Data Displays A/B Fo*! Refer to paragraph 3-125 and Figure 3-36.
Format Displays A/B/C Fl
Execute EX This code is used to trigger the instru-

ment.

#1 : Defaulf code.

#7 . These programming codes cannot be used when DISPLAY A function is set to AS, A6, or A7.

3-71



Section {Ii
Paragraphs 3-123 to 3-126

3-123. Parameter Setting

©3-124. The 4192A can be set to eleven parameters (refer
to Table 3-24) by remote programming as follows:

1 ) 3)

{1} Program code for parameter seiting (refer to
Table 3-24).

(2) Setting value (numeric or space). 8 digits, lesser
digits are ignored.

(3) Enter. Unit is kHz for SPOT FREQ, START

FREQ, STEP FREQ, and STOP FREQ; V for
SPOT BIAS, STEP BIAS, STOP BIAS, and OSC
LEVEL. (REF A, REF B).

Model 4192 A

3-125. Data Output

3-126. The 4192A outputs measurement and status data
to external devices in bit parallel, byte serial format via
the eight DIO signal lines of the HP-IB. These data in-
clude status data, key status (function) data, deviation
measurement mode data, and measurement data (inchud-
ing range} for DISPLAY A and DISPLAY B. When pro-
gram: code “F17 is used, DISPLAY C data (unit and
value) are output with DISPLAY A and DISPLAY B
data. The output format is shown in Figure 3-36. Al
characters are coded in accordance with ASCH coding
conventions. To output DISPLAY A/B/C data
without an HP~IB controller, internal Control

Switeh (A6S2 bit 4) must be set to 1. Refer to
paragraph 3~139 and Table 3-28.

Table 3-24. Program Codes for Parameter Setting
Parameters Program Code Setting Value
SPOT FREQ FR Setting Range:  0.005000kiiz ~ 13000.000kHz,
Resolution: 0.000001 kHz (0.005000kHz ~ 9.999999kHz),
START FREQ TF 0.00001 kHz (10.00000kHz ~ 99.99999 kHz),
0.0001 kHz (100.0000kHz ~ 999.999%kHz),
STOP FREQ PF 0.081kHz (1000.000kHz ~ 13000.000kHz).
STEP FREQ SF Setting Range: 0.000001kHz ~ 13000.000 kHz.
Resolution: 0.000001 kHz {0.000001 kHz ~ 9,999999 kHz),
0.00001 kHz (10.00000kHz ~ 99.99999 kHz),
0.0001kHz (100.0000kHz ~ 999.9999kHz),
0.001 kHz (1000.000kHz ~ 13000.000kHz).
SPOT BIAS BI Setting Range: -35.00V ~+35.00V
Resolution: .01V
START BIAS B
STOP BIAS PB
STEP BIAS SB Setting Range: 0.01V ~35.00V
Resolution: 001V
CSC LEVEL OL Setting Range: 0.005V ~ 1.100V
Resolution: 0.001V (0.005V ~ 0.100V),
0.005V (0.100V ~ 1.100V).
REF A RA Setting Range: -19999 ~+19999,
REF B RB Resolution: The position of the decimal point depends on the
value displayed on the corresponding display. For
example, if the value displayed on DISPLAY A
is 1.9999, any value between 0.0081 and 1.9999
can be entered as the REF A (RA) value.
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Figure 3-36

®

©

(1)
(2)
3
4
(5)
(6)
(7
(8)
9)
(1)
(an
(1)
(13}
(14}

Notes: 1.

DISPLAY A/B (Default mode or set using HP-IB remote program code “F0™)
XXXXENNN NNEZNN XXXXINNN. NNELXNN B D

(5 ) B 4) &y (67 By {16y (11) (12}

DISPLAY A/B/C (8et using HP-IB remote program code “¥17)

XXXX+NNN.NNEtNN XXXX+tNNN.NNENN XtNNNNN NNN €R 0B
() 3 @ 6y O ®e D (i) @) (14) @

Status of DISPLAY A

Function of DISPLAY A

Deviation measurement mode of DISPLAY A

Value of DISPLAY A (position of decimal point is coincident with display)
Unit of DISPLAY A

Comma (data delimiter)

Status of DISPLAY B

Function of DISPLAY B

Deviation measurement mode of DISPLAY B

Value of DISPLAY B (position of decimal point is coincident with display)
Unit of DISPLAY B

Data Terminator

Unit of DISPLAY C (Test Parameter Data Display)

Value of DISPLAY C

The data delimiter, bit switch 6 on the HP-IB Conirol Switch (Figure 3-30), is set at the
factory to comma (,). This causes the 41924 to output all data(DISPLAY A data, DISPLAY B
data, and, if program code Fl1is used, DISPLAY C data) as a continuous string, When the data
delimiter is set to CR/LF, a carriage return and line feed signal is output after each field. This
is useful when outputting data to certain peripherals, such as a printer,

2. Status, function, and deviation measurement mode data of DISPLAY A and DISPLAY B, and
the units of DISPLAY C are output as one or two alphabetic characters, as listed in Table 3-25.

3. Ranges of DISPLAY A and DISPLAY B are expressed as an exponent as follows:

1072 (D) oo E-12
1072 () oo E~Q9
1078 (W) oo E-06
1073 (m) o E-03
10% E+00
105 (k) oo E+{33
105 (MY .o E+06

Figure 3-36, Data Output Format for the 4192A-
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Table 3-25. Data Output Codes
ftem Information Caode
Drata Status of DISPLAY Norinal N
A/B Overflow 0
Uncalibration U
Function of DISPLAY A Z ZF
Y YF
R RE
G GF
L shwee ) LS
L{( ol ) LP
C{ oo ) S
C{ o) cp
B — A {dB) BA
A (ABV) AV
B (dBV) BV
A (dBm) AM
B (@Bm) BM
Deviation Measurement Normal Measurement N
Mode of DISPLAY Beviation Measurment | D
A/B Deviation Measurement | P
in Percent
Function of DISPLAY B & (deg) TD
# (rad) TR
X XF
B BF
Q QK
D DF
R RF
G GF
GROUP DELAY GD
Unmeasure UM
Unit of DISPLAY C kHz K
v A%
mA M
Reference Data R
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3-127. Service Request Status Byte

3-128. The 4192A outputs an RQOS (Request Service)
signal whenever bit 1, 2, 3, 4, or 6 of Service Request
Status Byte is set. The make-up of the Status Byte is
shown in Figure 3-37.
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Bit b 7 6 5 4 3 2 ¥

Information 0 0/1 0/1 0/1 0/1 0/1 G/1 0/1

Bit 7 (RQS) indicates whether or notf a service request exists. Bit 8 is always zero (0). Bits 1 thru 4 and
6 identify the type of service request. TFollowing are the service request states of the 41924,

Bit 1: @ If Data Ready is set to ON, this bit is set when measurement data is provided.
@ If Self Test is set to ON, this bit is set when the instrument passes the Self Test.

Bit 2: This bit is set when the 4192A receives an erroneous remote program code.
Bit 3: This bit is set when the 4192A receives an illegal front-panel control setting via the program.

Bit 4: This bit is set when the 4192A receives a trigger signal before the last measurement is com-
pleted.

Bit 6: @ This bit is set when the 4192A has a hardware error.

@ If Self Test is set to ON, this bit is set when the instrument fails the Self Test.

Bit 5 is independent of bit 7 (RQS signal). This bit is set when auto sweep measurement, self test,
or zero offset adjustment is being performed and is reset when the next trigger comes.

Figure 3-37. Status Byie for the 41892A

3-129, Programming Guide for 41924 Table 3-26. Sample Program using 98254/9836A

3-130. Sample programs for HP Model 9825A/9835A Sample
Desktop Computers are provided in Figures 3-38 and Program
3-39, These programs are listed in Table 3-26.

Figure Description

Remote control and data output in

1 3-38
Notes: spot measurement.
1. Specific information for HP-IB programming with the ] ;
‘ i Remote control and dat tput
98254 or 98354 are provided in the 98254 or 98354 2 3-39 niroland data output in

; ; auto sweep measurement.
programming manual |

2. Equipment required for these sample programs in-
cludes:

41924  LF Impedance Analyzer

980344 HP-IB Interface Card

98254  Desktop Computer with 982104 String-
Advanced Programming ROM 982134
General 1/O + Extended I/O ROM.

or

98354  Desktop Computer with 983324 General
Io ROM
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Sample Program 1

Description:

This program is a remote control, data cutput program for spot measurements.

The program has three capabilities:

(1) Control of the 4192A via HP-1B

(2) Trigger of the 4192A via HP-IB

(3} Data output from the 4192A in spot measurement via HP-IB

G825A Program

(1)
2
©)
)
(5)
(6)

0:
i:

~3 Oh W e

fit4
wrt717,“A1BIT3 F1”
me  ®

: wrt717, “FR10EN”

@ ®
wrt717, “EX“_”
&

:ored717,A,B,C

: dspA, B, C
¢ prtA B, C

©oend

Select Code of 98034A.
Address of 4192A.

Program codes of the 4192A (refer to Table 3-23).

9835A Program

134
26

30

40

50
60
70
80

FLOAT4
OUTPUT717; “A1BIT3 F1”
we o
@ ©
OUTPUT717; “EX”
®
ENTER717; A, B, C
DISP A, B, C
PRINT A, B, C
END

Program codes for parameter setting of the 4192A (refer to Table 3-24).

Parameier terminator of the 4192A (refer to paragraph 3-123).

This is equivalent to

9825A; tre717

9835A: TRIGGERT{7

By using string variables, complete output information from the 4:192A is stored by the following programs:

9825A Program:

0:

o~ O o B N

clr 717
dimA$[50}

wrt717, “A1BIT3 F1”
wirt717, “FRIOEN”
wrt 717, “EX”

red 717, A%

dspA§

prtA S

end

9835A Program:

5
i0

20
30
40
50
60
70
80

CLEAR 717
DIMA$[50]

OQUTPUTT17; “AIBIT3 F1”
OUTPUT717; “FRI10EN”
OUTPUT 717, “EX>
ENTER717; AS

DISP A$

PRINT AS

END
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T Y N

8:

g1

10:
11:
12:

(1)
(2)
(3)

0:

Sample Program 2

Description:

The program has three capabilities:

{(3) Data output from the 4192A via HP-1B

9825A Program:

0

: wrt717, “A1BIT3 F1”

s wrt717, “SEIENTF1ENPF 100EN"
s wrt717, “WIWwW2”

: 0=1

DI+l

: wrt717, “EX?

: rds (717) » A

(2}
if bit (4, A) #1;gtol2

(3)
red 717, ASLI}
dsp A$FI]
gtos
end

Note:

This program is a remote conirol, data output program for anto sweep measurements,

{1} Control of auto sweep measurement of the 4192A via HP-1B
(2) Auto sweep of the 4192A via HP-IB

9835A Program:

10

20
30
40
50
60
70

80

90

100
110
120
130

DIMAS (1003 [50]
o
OUTPUT717;“A1BIT3 F1”
OUTPUT717; “SFIENTF 1ENPF100EN”
OUTPUT717,"W1W2»
=0
I=1+1
OUTPUT 717, “EX”

STATUST1T; A

03
IF BIT (A, 4) #1 THEN130

(3)
ENTER717; A$(D
DISPAS (1)
GOTO60
END

Dimensions a string variable array that has more elements than the number of measurement points.

Inputs 4192A SRQ Status Byte to variable A.

When AUTO SWEEP is being performed, bit 4 of variable A (bit 5 of the SRQ Status Byte) is set to
“1” (refer to Figure 3-37).

If the 98354 program is used with high speed controller,

wait command should be put between lines 70 and 80.

Figure 3-39. Sampie Program 2 Using 9825A/983bA
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3131, X-¥Y RECORDER GUTPUT

3-132. The 4192A is equipped with three analog RE-
CORDER GUTPUT connectors on the rear-panel, These
connectors output accurate voltages for recording
measured sample values as functions of frequency or
bias. A PN LIFT connector is also provided on the rear-
panet to conirol the X-Y recorder’s pen, The procedures
for using the 4192A%s X-Y recorder capability are given
in Figure 3-40.

3133, Analog Quiputs

3-134. The analog output voltage of DISPLAY A, DIS-
PLAY B, and FREQ/BIAS are provided in the following
manner. The output accuracy is +0.5% of output voltage
+20mV.

(1} DISPLAY A connector
Qutputs voltage proportional to the value dis-
played on DISPLAY A. Normalized value is 1V
{depends on function as follows):

(") Z,Y,Rand G : (Full Scale Value of Display
Range) X 1.3

@ L and C : (Full Scale Value of Display Range)
X 20

(3 B—A,AandB: 100dB

@ A% 100%

@ A Full Seale Value of Setting Function
Range

(2) DISPLAY B connector
Gutputs voltage proportional to the value dis-
played on DISPLAY B. Normalized value is 1V
(depends of function as follows):

@ 8 (deg) : 180°
@ ¢ {rad) . w

(3) X and B : (Full Scale Value of Display Range)
X 1.3

@ D, Q, R, G and GROUP DELAY ; (Full
Scale Value of Display Range) X 2.0

(& 2%: 100%

(8) 4: Full Scale Value of Setting Function
Range

3-78
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Note; When OF! OF2, UCEL or -~ —~ — I3
displayed on DISPLAY A or DISPLAY B,
IV is output from the corresponding
RECORDER OUTPUT connector on

the rear-panel.

(3) FREQ/BIAS connector
Outputs voltage proportional to the test frequen-
¢y or internal dc bias voltage and normalized
by following equations {1 Vmax):

@ Bias Voltage:

SPOT BIAS - START BIAS
STOP BIAE - STARYT BIAS

@ Measuring Frequency (Linear Sweep):

SPOT FREQ — START FREQ
STOP FREQ — START FREQ

@ Measuring Frequency (Logarithmic Sweep):

1og (SPOT FREQ — 10m — 1)
log (10 — 10m— 1)

where 10m-1 <START FREQ < 10m,
tgn~1 =STOPFREQ < 10"

Notes:

1. When the parameter displayed on the Test
Parameter Data Display is not the measuring
frequency or internal dec bias volfage, the
output voltage from the FREQ/BIAS con-
nector does not change.

2. Figure 3-41 shows the plotr areas for all
parameter settings of DISPLAY A, DIS-
PLAY B and FREQ/BIAS connectors.

3-135. Control Capabilities for Analeg Output

3-136. The X-Y RECORDER OQUTPUTS function of the
4192A provides the following control capabilities to plot-
the characteristics curve of the sample easily, quickly
and clearly.

(1) Control of Pen Position on the X-Y Recorder
Zero adiustment and sensitivity adjustment of the
X-Y recorder can be performed using the follow-
ing control keys on the front-panel of the 4192A.

le LL . DISPLAY A, DISPLAY B and
FREQ/BIAS connectors output OV,

() UR 7t : DISPLAY A, DISPLAY B and
FREQ/BIAS connectors output I'V.
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Figure 3-40

Notes: {(3) Interpolstion

1. The X-Y RECORDER ON/OFF key should The ¥-Y recorder function of the 4192A pro-
be sei to OFF findicator lamp off} when vides automatic interpoiation of ali three RE-
the X-Y recorder zero adjustment or sensiti- CORDER QUTPUTS to ensure distortion free,
vity adjusiment is performed, In this case, ¥ accurate plots on the X-Y wecorder. Maximum
LL is set qutomatically. interpolation time, the time required for the three

2. Figure 3-41 shows the positions of V. LL and RECORDER OUTPUTS to go from OV {l_ LL)
UR % in the plot areas for all parameter to IV (UR 1), is approximately 30 seconds.
settings of DISPLAY A, DISPLAY B, and o . ) _
FREQ/BIAS connectors. Note: Iﬁte.’rpolarz(m is performed for all three

RECORDER QUTPUTS, even though only

(23 Control Signals for X-Y Recarder Pen Lift TTL two are connected to the X-Y recorder.
Controls Actual interpolation time is detfermined by
When the X-Y recorder is equipped with pen lift the largest change among the three oulpuis.
TTL controls, pen lift can be done automatical- Consequently, If the unconnected RE-
ly by the TTL level output from the PEN lift CORDER QUTPUT has the largest change,
connector on the 4192A’s rear-pancl. When the interpolation time Is determined by this
pen lift signal is LOW (TTL), the X-Y recorder RECORDER QUTPUT, not the other two,
pen is down. When the pen lift signal is HIGH whaose change may be very small,

(TTL), the X-Y recorder pen is up.
Note: When the SWEEP ABORT, | LL or UR
4 key is pressed, the X-Y recorder pen is
up.
EQUIPMENT:
XY ReCOrder o HP7046A
BNC (Male) — Dual Banana PlugCable .......... ... ... ... HPI11001A (3 ea.)
PROCEDURE:

(1) Turn the 4192A and X-Y recorder off.

(2) Connect the X-axis connector and Y-axis connector (Y 1-axis and Y2-axis for two-pen X-Y recorders) of the
X-Y recorder to the appropsiate RECORDER OUTPUT connectors on the 4192A rear-panel with the BNC
{Mate) — Dual Banana Plug Cable. Refer to Table 3-27 for cabling method of the RECORDER OUTPUTS.

(3} When X-Y recorder is provided with pen lift TTL conatrols, connect PEN LIFT connector on the 4192A rear-
panel to the X-Y recorder connector.

(4) Set the 4192A°% controls for the desired swept measurement in accordance with the procedures given in the
following figures:

e Figure 3-11. Operating Instructions for Swept-frequency Amplitude-phase Measurements
e Figure 3-31. Operating Instructions for Swept-frequency Impedance Measurement
e Figure 3-33. Operating Instructions for Swept-bias Voltage Impedance Measurement
(5} Tum the 4192A and X-Y recorder on.
{6) Place recording paper on X-Y recorder platen and set the paper hold down function (if provided).

Figure 3-40. XY Recorder OQutput (Shest 1 of 2)
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(7)  Confirm that the 4192A X-Y RECORDER OUTPUT function is set to off (X-Y
RECORDER ON/OFF indicator on the front-panel should be off). If it is set to on
{indicator lamp on), turn it off by pressing the BLUE key and X-Y RECORDER ON/OFF
key.

(8}  Select the appropriate plot area for parameters to be recorded from illustrations in Figure
3-41 (refer to Table 3-27).

(9)  Press the BLUE key and the  LL key on the front-Panel of the 41924,

(10} Adjust X-Y recorder zero adjustment controls for X and Y channels so that the recorder
pen is positioned just above the chart paper coordinates denoted by the black spot () in
the illustration.

(11) Press the BLUE key and the UR  key on the front-panel of the 4192A.

(12) Adjust the X-Y recorder controls for the X and Y channels so the the recorder pen is
positioned just above the chart paper coordinates denoted by cirele {A) in the illustration.

Note: X-Y recorder zero adjustment and sensitivity adjustment may be interactive. So,
repeat steps (9)  (12) to satisfy both adjustments.

(13) Perform an auto sweep measurement with the X-Y RECORDER OUTPUT function off,
Note the frequency (or bias voltage) at which the measured value displayed on DISPLAY
A is highest,

Note: Step (13)is not necessary when making a manual sweep.

(14) Set the SPOT FREQ {or SPOT BIAS) to the value noted in step (13). (For manual sweep,
set the SPOT value to the START value.)

Note: Steps {13) and (14) insure that the DISPLAY A X-Y RECORDER OUTPUT is
correetly scaled for the highest DISPLAY A range that will be used during the
auto sweep measurement. When the AUTO SWEEP START key is pressed,
DISPLAY A ranging (Z-Y RANGE) is automatically set to AUTO mode, even if
MANUAL mode is selected before pressing the AUTO SWEEP START keyv. The
DISPLAY A range will change in accordance with the measured values. Secaling
of the DISPLAY A X-Y RECORDER OUTPUT, however, will not change when
the DISPLAY A range changes. [t is automatically set to the DISPLAY A range
in effect when the AUTO SWEEP funection is turned on. If steps {13) and (14) are
not performed, it may be impossible obtain an accurate plot of the measured
values.

(15) Press the BLUE key and the X-Y RECORDER ON/OFF key to set the X~Y RECORDER
OUTPUT function to on (the indieator lamp will come on).

(16) Press the AUTO SWEEP key. If the recorder is equipped with remote pen-lift control, go
to step (17). If not, set the SPOT FREQ (BIAS) to the sweep START FREQ (BIAS) and
then maunally lower the pen onto the paper.

(17) Perform the swept measurement in aceordance with the procedure given in the figure
selected in step (4),

(18) When the sweep is completed and the X-Y recorder stops, manually lift the pen from the
paper. If the recorder is equipped with remote pen-lift contrel, the pen is raised
automatically when the sweep is completed {or when the X-Y RECORDER OUTPUT
funetion is turned off after a manual sweep).

(19) To repeat the measurement, repeat steps (14) through (18).

Figure 3-40, X-¥Y Recorder Qutput (Sheet 2 of 2}
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Table 3-27. Connections of Becorder Output

Section HI
Table 3.27

RECORDER OUTPUTS

FREQ/BIAS DISPLAY B DISPLAY A Plot Ares™!
o 1Z 1/ 1Y 1/R/G (M
L/C (2)
g (deg) ()
Measurement Frequency/ 8 (rad) e @
Bias Voltage X/B @
Q/D )
R/G 0
X/B R/G (s
B —A (dB) ()
A/B (dBm)
A/B (dBV) (@
Measurement Frequency b (dog) @
9 (rad) (a)
GROUP DELAY (2
A
AT (1
Measurement Frequency/
Bias Voltage A
A% 0

% : These numbers match the numbers of the illustrations in Figure 3-41.
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Section 11
Paragraphs 3-137 and 3-138

3137, EXTERNAL SYNTHESIZER

3-138. The 4192A can be connected to an external fre-
quency synthesizer via the EXT VCO connector on the
rear-panel instead of built-in frequency synthesizer to
obtain a more accurate, stable test signal. Using this
technique, a frequency resolution of 1 mHz over the full
frequency range, from SHz to 13MHz, can be obtained.
In addition, a high stability reference (I MHz or 10MHz)
can be connected to EXT REFFERENCE connector on
the rear-panel to obtain an even more stable test signal.
This capability permits stable messurements of the
intrinsic characteristics of high Q devices. Such devices
mmclude  crystals whose impedance change drastically
with changes in frequency of only a few Hz.

Model 4192A

BNC{male) - BNC(male)Connector

4

EXT REFERENCE
Connector

EXT VCO Connector |

¥

Signal Output
Connector

{40MHz ~ 53MHz )

TMHz/T0MHz
Reference
Output Connector

EQUIPMENT:

BNC (Male) — BNC (Male) Cable (2 ea).

PROCEDURE:

(1) Turn the 4192A and synthesizer off.

rear-panel.

Synthesizer . .... ... . .. ..,

HP3325A

(2) Remove the coaxial adapter, which connects the VOO OUTPUT terminal and EXT VCO terminal on the 4192A

(3) Connect the signal output terminal (output signal frequency: 40MHz to 53MHz) of the synthesizer to the
EXT VCO terminal on the 4192A rear-panel with the BNC (male) — BNC {male) cable.

Figure 3-42.  External Synthesizer (Sheet 1 of 2}
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Figure 3-42

(4) Connect the 1 MHz (or 10MHz) reference signal output terminat of the synthesizer to the EXT REFERENCE
terminal on the 4192A rear-panel with the BNC (male) — BNC (male) cable.

(5) Set 4192A’s controls for the desired measurement in accordance with procedures provided in the following
figures:
@ Figure 3-10. Basic Operating Instructions of the Amplitude-phase Measurements
@ Figure 3-30. Basic Operating Instructions of the Impedance Measurements

{6)} Turn on the synthesizer.
(7Y Set the output signal of the synthesizer to 40MHz + desired measuring frequency.

(8) Set the SPOT FREQ of the 4192A to the desired measuring {requency.

Notes: 1. Resolution of the test signal at the OSC OUTPUT terminal of the 41924 is ImHz {at SHz to 10kHz),

10mHz (at 10kHz to 100kHz), 100mHz (at 100kHz to IMHz), and 1Hz (at IMHz fo 13MHz),

However, when an external synthesizer is used, resolution is ImHz at all frequencies. Thus, to set a

test frequency with a resolution higher than is normally possible (without external synthesizer), set

the 4192A4°s SPOT FREQ as near to the desired frequency as possible. For example, for a test signal
frequency of 50.000001kHz, set the external synthesizer to 50,000001kHz +40MHz and set the
41924°s SPOT FREQ to 50.00000kHz. The frequency of the test signal of the 0SC QUTPUT
terminal will be the frequency of the external synthesizer, however, the SPOT FREQ seiting is used
to calculate measurement parameter values (L, C, etc. ), offset adjustment data, efe.

2. Values displayed on the 41924°s displays will fluctuate when measurement is made at frequencies
set with ImHz resolution at 10kHz to 78.125kHz.

Pigure 3-42, External Synthesizer (Shest 2 of 2}
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Section I
Paragraphs 3-139 and 3-140

3-138.

3-140.

INTERNAL CONTROL SWITCH

Basic operation of the 41924 can be altered by

changing the bit-switch seftings of the internal control

switch,

A682. Refer to Table 3-28 for a description of

the function of each bitswitch. Use the following pro-
cedure to gain access to the internal control switch:

(1)

(2}

(3)

(4)

POTENTIAL SHCOK HAZARD!

Turn off the instrument and disconnect the
power cable,

Remove the two plastic instrument-feet located at
the upper corners of the rear-panel.

Fully loosen the top cover retaining screw located
at the rear of the top cover.

Slide the top cover towards the rear and lift off.

WARNING
DO NOT

TOUCH ANY OF THE EXPOSED COMPO-

NENTS!
CHARGED WITH

CAPACITORS MAY STILL BE
HAZARDOUS VOLTAGE

LEVELS, EVEN THOUGH POWER IS RE-
MOVED FROM THE INSTRUMENT,

3-86

(5}

(6)

(7

Model 41924

With the top cover removed, the A7, A8, and AIQ
board assemblies are visible. These boards are
on a single mounting-plate which opens much like
the hood of an automobile. The A6 board as-
sembly, upon which the internal control switch is
located, is mounted on the underside of this
mounting-plate. To raise the mounting-plate, re-
move the six retaining screws and puil up the two
plastic fasteners located toward the front of the
mounting plate.

Raise the mounting plate until it comes to rest at
the rear of the instrument. Be sure that the safety
catch locks in place.

The internal control switch is located as shown in
Figure 3-43. All bitswitches of A6S2 are normal-
ly set to 0. Set the switch as desired. Refer to
Table 3-28.

Note: Don’t change the setting of A6851. This
switch is used for cable length compensa-
tion.

A€ Board
04192 - 66506

Figure 3-43. AGSZ Internal Control Switch



Model 4192A Section i
Table 3-28

Table 3-28.  Internal Control Switch

Bit Diescription

0 | This bit-switch is retated to the operation of the muiti-slope integrator; it should be always set to O

When this bit is set to 1, DISPLAY B function is inhibited and measuring speed is increased. Measuring
1 speed in this mode is given in paragraph 3-35 for amplitude/phase measurements and in paragraph 3-89
for impedance measurements,

5 | This bit-switch is related to the operation of the multi-slope integrator; it should be always set {o 0.

An HP-IB system, without controlier, can be configured by connecting the 4192A to a (HP-IB control
3 switch must be set to TALK ONLY and CR/LF*) printer (HP-IB control switch must be set to LISTEN
ONLY), e.g., HP5150A Thermal Printer, with an HP-IB cable (refer to paragraph 3-117). When this bit
is set to 1, the 4192 A is triggered by the operation of the printer.

This bit is used to change the data output format from DISPLAY A/B to DISPLAY A/B/C, in the HP-IB
4 | system without controller (refer to paragraph 3-125). When this bit is set to 1 (4192A must be turned off
and then back on after setting this bit-switch), data output format is set to DISPLAY A/B/C.

5, 6| These bit-switches are not used.

In normal operation, the mumber of display digits depends on the selected measurement function, meas-
7 urement range, measurement frequency, OSC level, etc. When this bit is set to 1, however, all measured
values are displayed with the maximum number of digits.

* After changing the setting of the HP-IB control switch, turn the instrument off and then back on.
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