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SAFETY SUMMARY

The following general safety precautions must be observed during all phases of op-
eration, service, and repair of this instrument. Failure to comply with these pre-
cautions or with specific warnings given elsewhere in this manual violates safety
standards of design, manufacture, and intended use of the instrument. Hewlett-
Packard Company assumes no liability for the customer's failure to comply with
these requirements.

GROUND THE INSTRUMENT

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

DO NOT OPERATE IN AN EXPLOSIVE ATMOSPHERE

Do not operate the instrument in the presence of flammable gases or fumes. Op-
eration of any electrical instrument in such an environment constitutes a definite
safety hazard.

KEEP AWAY FROM LIVE CIRCUITS

Operating personnel must not remove instrument covers. Component replacement
and internal adjustments must be made by qualified maintenance personnel. Do not
replace components with power cable connected. Under certain conditions, dan-
gerous voltages may exist even with the power cable removed. To avoid injuries,
always disconnect power and discharge circuits before touching them.

DO NOT SERVICE OR ADJUST ALONE

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

DO NOT SUBSTITUTE PARTS OR MODIFY INSTRUMENT

Because of the danger of introducing additional hazards, do not install substitute
parts or perform any unauthorized modification to the instrument. Return the in-
strument to a Hewlett-Packard Sales and Service Office for service and repair to
ensure that safety features are maintained.

DANGEROUS PROCEDURE WARNINGS

Warnings, such as the example below, precede potentially dangerous procedures
throughout this manual. Instructions contained in the warnings must be followed.

WARNING

Dangerous voltages, capable of causing death, are present in this instru-
ment. Use extreme caution when handling, testing, and adjusting.
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CERTIFICATION

Hewlett-Packard Company certifies that this product met its published specifica-
tions at the time of shipment from the factory. Hewlett-Packard further certifies
that its calibration measurements are traceable to the United States National Bu-
reau of Standards, to the extent allowed by the Bureau's calibration facility, and to
the calibration facilities of other International Standards Organization members.

WARRANTY

This Hewlett-Packard instrument product is warranted against defects in material
and workmanship for a period of one year from date of shipment, except that in
the case of certain components listed in Section 1 of this manual, the warranty
shall be for the specified period. During the warranty period, Hewlett-Packard
Company will, at its option, either repair or replace products which prove to be
defective.

For warranty service or repair, this product must be returned to a service facility
designated by HP. Buyer shall prepay shipping charges to HP and HP shall pay
shipping charges to return the product to Buyer. However, Buyer shall pay all
shipping charges, duties, and taxes for products returned to HP from another
country. N

HP warrants that its software and firmware designated by HP for use with an in-
strument will execute its programming instructions when properly installed on that
instrument. HP does not warrant that the operation of the instrument, or soft-
ware, or firmware will be uninterrupted or error free.

LIMITATION OF WARRANTY

The foregoing warranty shall not apply to defects resulting from improper or inade-
quate maintenance by Buyer, Buyer-supplied software or interfacing, unauthorized
modification or misuse, operation outside of the environment specifications for the
product, or improper site preparation or maintenance.

NO OTHER WARRANTY IS EXPRESSED OR IMPLIED. HP SPECIFICALLY DIS-
CLAIMS THE IMPLIED WARRANTIES OF MERCHANTABILTY AND FITNESS FOR
A PARTICULAR PURPOSE.

EXCLUSIVE REMEDIES

THE REMEDIES PROVIDED HEREIN ARE BUYER'S SOLE AND EXCLUSIVE
REMEDIES. HP SHALL NOT BE LIABLE FOR ANY DIRECT, INDIRECT, SPECIAL,
INCIDENTAL, OR CONSEQUENTIAL DAMAGES, WHETHER BASED ON CON-
TRACT, TORT, OR ANY OTHER LEGAL THEORY.

ASSISTANCE

Product maintenance agreements and other customer assistance agreements are
available for Hewlett-Packard products.

For any assistance, contact your nearest Hewlett-Packard Sales and Service Office.
Addresses are provided at the back of this manual.
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Instruction, manual symbol: the product will be marked with
this symbol ‘when it is necessary for the user to refer to the
instruction. manual in order to protect against damage to the
instrument.

Indicates dabéex;ous volt,aké (terminals fed from the interior by
voltage exceeding 1000. volts must be so marked).

Protective conductor terminal. For protection against electri-
cal shock in case of a fault. Used with field wiring terminals
to indicate . the: terminal which must be connected to ground
befare operating equipment.. )

Low-noise or noiseless, clean ground (earth) terminal. Used for -
a signal common, as well as providing protection against elec-
trical shock in case of fault. A terminal marked with this
symbol must be connected to ground in the manner described
in the installation (operating) manual, and before operating the

equipment. -
Frame or chdsgis® termifal.’ *A connection to the frame (chas-

sis) of the equipment which normally includes all exposed metal
structures. '

Alternating. cuifrent (power line).
Direct current -(power. line).
Alternating. or direct current (power line).

A WARNING denotes a hazard. It calls attention to a pro-
cedure, practice, condition or the. like, which, if not correctly
performed_ or .adhered to, could result in injury or death to
personnel, h

The CAUTION. sign denotes a hazard. It calls attention to an
operating procedure, .practice, condition. or the like, which, if
not correctly performed or adhered to, could result in damage
to or destruction of part or all of the product.

A Note denotes important: information. It calls attention to a
procedure, practice, condition or the like, which is essential to
highlight. . - . L .
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This supplement contains important information for correcting manual errors and for adaptmg the manual to nstmmoms containing
improvements made after the printing of the manual.

AT VB
To use this supplement: " SRR PR SIS QY s oY TER
Make all ERRATA corrections.

Make all appropriate serial number related changes indicated m the nbla Bobvy

e

.,;:o':: A '_1 o6l
SERIAL PREFIX OR NUMBER MAKE MANUAL CHANGES lum“.,h ﬁi x’ - &uum — g,.)\,..,u
ALL ERRATA "
- ALL 1 )
2206300470 -
and above _ S , i
> NEW ITEM . J 5‘ l e et v
Jumtou
ERRATA
» Page 8-5, Paragraph 8-30 Ceons rastn o gty

Part]a]]y change line 16 to read: .
signal fed back from the A9 board. to- the..A7

» Page 8-6, Figure 8-5. Signal Source Operatwn
Part1al1y change line S to read:

(e IR

the front-panel, the +N circuit outputs a stable 1KHz,
10KHz, ‘ . e Srp e s
‘ Ch posonoh pMEIVR R
LRIt S [T RPN LTS S R E
T R E T ST St

Manual change suppiements are revised as often as nieaury to ltup n‘imu“ & cthrom Jid aoeurno as possible. Hewilett-Packard
recommends that you periodically request the latest edition of this suppbmom Free copies- are available from all HP offices. When
requesting copies quote the manual identification information from your supplement, or the mode! number and print date from the title
page of the manual.

Date/Div: JAN. 27, 1984/33
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Printed in Japan

HEWLETT



Option Description Kit Part Number
907 Handle Kit 5061-9690
908 Rack Flange Kit 5061-9678
909 Rack Flange & Handle Kit 5061-9684

3.

5.

Remove adhesive-backed trim strips
from side at right and left front of
instrument.

HANDLE INSTALLATION : Attach front
handle (3) to sides at right and left front
of instrument with screws provided and
attach trim (4) to handle.

RACK MOUNTING : Attach rack mount
flange @ to sides at right and left front of
instrument with serews provided.

HANDLE AND RACK MOUNTING :
Attach _front handle (3) and rack mount
flange (5) together to sides at right and
left front of instrument with screws
provided.

When rack mounting (3 and 4 above),
remove all four feet (lift bar at inner side
of foot, and slide foot toward the bar).

Figure 2-3. Rack Mount Kit.




Herstellerbescheinigung

Hiermit wird bescheinigt, daB das Gerdit HP 4193A (Vector Impedance Meter) in
Ubereinstimmung mit den Bestimmungen von Postverfuigung 1046/84 funkentstdrt ist.

Der Deutschen qudespost wurde das lnvérkehrbringen dieses Geriites angezeigt und die
Berechtigung zur Uberpriifung der Serie auf Einhaltung der Bestimmungen eingeriumt.

Anm: Werden Mef3- und Testgeriite mit ungeschirmten Kabeln und/oder in offenen
MefBaufbauten verwendet, SO ist vom Betreiber sicherzustellen, daf die
Funk-Entstorbestimmungen unter Betriebsbedingungen an seiner Grundstiicksgrenze
eingehalten werden.

Manufacturer's Declaration

This is to certify that this product, the HP 4193A Vector Impedance Meter, meets the radio
frequency interference requirements of directive 1046/84. The German Bundespost has been
notified that this equipment was put into circutation-and was granted the right to check
the product type for compliance with these requirements.

Note: If test and measurement equipment is operated with unshielded cables and/or used
for measurements on open setups, the user must insure that under these operating condi-
tions, the radio frequency interference limits are met at the border of his premises.
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SECTION 1

SECTION |
GENERAL INFORMATION

1-1. INTRODUCTION

1-2.  This operation and service manual
contains the information required to install,
operate, test, adjust, and service the
Hewlett-Packard Model 4193A Vector Impedance
Meter. Figure 1-1 shows the instrument and
supplied accessories. This section covers
specifications, instrument identification,
description, options, accessories, and other basic
information.

1-3.  Listed on the title page of this manual is
a microfiche part number that can be used to
order 4 x 6 inch microfilm transparencies of the
manual. Each microfiche 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 4193A Vector Impedance
Meter is a probe-type, fully automatic
microprocessor-based test instrument designed
for laboratory and production line applications.
It measures and digitally displays impedance
magnitude, |IZl, and phase angle, 5, of active or
passive circuits, in-circuit components, discrete
components at test frequencies from 400kHz to
110MHz with 10mQ (impedance) and 0.1° (phase)
resolution. Frequency and measured impedance
and phase are displayed on the front-panel with
4-digit and 3 1/2-digit resolution, respectively.
Two measurement  speeds are provided:
NORMAL and HIGH SPEED. In NORMAL mode
operation, the 4193A performs one measurement
per second; in HIGH SPEED mode operation, it
performs approximately seven measurements per
second.

04193-87001

8120-1378

Figure 1-1. Model 4193A and Accessories.
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1-6.  The 4193A's built-in  test  signal
synthesizer can be set with lkHz (maximum)
resolution to any frequency within the range of
400kHz to 110MHz for SPOT measurements, or it
can be automatically or manually swept in one of
two sweep modes: FULL and PARTIAL. In
FULL SWEEP mode, frequency is logarithmically
swept from 400kHz to 110MHz, and measurement
is made at 43 frequency points. In PARTIAL
SWEEP mode, frequency is swept from the
selected START frequency to the selected STOP
frequency. The number of measurement points
is selectable at 100, 1000, or HIGH
RESOLUTION. Frequeney resolution is lkHz,
10kHz, or 100kHz, depending on the selected
frequency range. For measurements requiring
higher frequency resolution, an external
frequency synthesizer can be connected. Using
this technique, 100Hz frequency resolution can
be obtained over the 4193A's full frequency
range, 400kHz to 110MHz.

1-7.  Test frequency, auto-ranging, frequency
sweep, introspective testing (SELF TEST),
display, triggering, analog and HP-IB outputs,
calculations, and all other instrument functions
are microprocessor controlled. This
microprocessor-based hardware design makes
operation and measurement set-up simple.

1-8. The 4193A is equipped with complete
HP-IB capabilities for remote control of all
front-panel controls. This feature makes it
possible to integrate the 4193A into a
cost-efficient  measurement system  which
increases DUT throughput, and improves circuit
design efficiency. The 4193A is also equipped
with X-Y Recorder outputs and pen lift control.
Clear and accurate hard copies of the DUT's
impedance-frequency or phase-frequency
characteristics can be easily obtained with this
capability, without an external controller.

1-9. To maximize the versatility of the 4193A,
a wide selection of probe adapters and test
fixtures is available. Thus, components of
virtually any shape or size can be measured.

1-10. SPECIFICATIONS

1-1l. Complete specifications of the Model
4193A Vector Impedance Meter are given in
Table 1-1. These specifications 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 1-2 lists supplemental
performance characteristies. Supplemental
performance characteristics are not
specifications but are typical characteristics
included as additional information for the

1-2

operator. When the 4193A Vector Impedance
Meter is shipped from the factory, it meets the
specifications listed in Table 1-1.

1-12. SAFETY CONSIDERATIONS

1-13. The Model 4193A Vector Impedance
Meter has been designed to conform to the
safety requirements of an IEC (International
Electromechanical Committee) Safety Class I
instrument and is shipped from the factory in a
safe condition.

1-14. This operation and service manual
contains information, cautions, and warnings
which must be followed by the user to ensure
safe operation and to maintain the instrument in
a safe condition.

1-15. INSTRUMENTS COVERED BY MANUAL

1-16. Hewlett-Packard uses a two-section nine
character serial number which is stamped 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 between
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.

1-17.  An instrument 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 prefix indicates the
instrument is different from those described in
this manual. The manual for this new instrument
may be accompanied by a yellow Manual Changes
supplement or have a different manual part
number. This supplement econtains "change
information" that explains how to adapt the
manual to the newer instrument.

—

Figure 1-2. Serial Number Plate.




1-18. 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
identified with this manual's print date and part
number, both of which appear on the manual's
title page. Complimentary copies of the
supplement are available from Hewlett-
Packard. If the serial prefix or number of an
instrument is lower than that on the title page of
this manul, see Section VII, Manual Changes.

1-19. For information concerning a serial
number prefix that is not listed on the title page
or in the Manual Change supplement, contact the
nearest Hewlett-Packard office.

1-20. OPTIONS

1-21.  Options are modifications to the standard
instrument that implement the user's special
requirements for minor functional changes. The
4193A has four options :

Front Handle Kit.
Furnishes Carrying
handles for both ends of
front-panel.

Option 907 :

Option 908 : Rack Frange Kit.
Furnishes flanges for rack
mounting for both ends of

front-panel.

SECTION 1

Option 909 : Rack Flange and Front
Handle Kit. Furnishes
both front handles and
rack flanges for
instrument.

Option 910 : An extra copy of the
Operation and Service

Manual.

Installation procedures for these options are
given in Section II.

1-22. ACCESSORIES SUPPLIED

1-23. The Model 4193A VECTOR IMPEDANCE
METER, along with its furnished accessories, is
shown in Figure 1-1. The furnished accessories
are also listed below :

Probe Kiteesseeseesscesecancsae HP Part No.
04193-87001

Power Cable sesseeccssceccccec HP Part No.
8120-1378

Fuse ®6c0ssceccecscscssscsscrsccne HP Pa[‘t NO.
2110-0304

Probe kit contents are listed in Table 1-3.
1-24. ACCESSORIES AVAILABLE

1-25. A test fixture adapter and three test
fixtures are available to facilitate measurement
on a wide range of discrete components. Also
available is a calibration-standard set for
calibration of the 4193A or similar probe-type
instruments. A brief description of each
available accessory is given in Table 1-4.

1-3
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Table 1-1. Specifications. (Sheet 1 of 5)

SPECIFICATIONS

INMPEDANCE MAGNITUDE MEASUREMENT :

Range, Display, and Resolution :

MAGNITUDE RANGE DISPLAY RANGE DISPLAY (digit) RESOLUTION
109 00.0022 to 19.99% 31/2 10mS?
10062 000.092 to 199.9Q 31/2 100m§2
1k 0.000k to 1.999kf 3172 10
10kQ 00.00k2 to 19.99kQ 31/2 109
100k 000.kf2 to120.kQ 2.1/2 1kQ
Accuracy : See Table A.
Range Mode : Auto and manual (up-down).
IMPEDANCE PHASE MEASUREMENT:
Range and Resolution :
MAGNITUDE RANGE DISPLAY RANGE RESOLUTION
100 180.0° to-180.0° 0.1°
10002 180.0° to-180.0° 0.1°
1k 180.0° to-180.0° 0.1°%
10k§ 180.0° to-180.0° 0.1°
100kQ 180.° to-180.° 1°
Accuracy : See Table A.
Table A. Accuracies
MAGNI - Test Frequency (MHz)
TUDE
RANGE 0.4 to 1 1to 10 10 to 40 40 to 110
o z g{(5.740—'f5§-). of reading +9 counts]j +[6.3% of reading +6 counts] +(4.5+0.18f). of reading +4 counts] +((4.5+0.18)% of reading +4 counts]
[} :(1473'784-3’2—5) degrees z(3.3+0.20f¢%) degrees :(3.3*0.20“1;-‘) degrees :(3.3+0‘20f+125-) degrees
Joo- z t{(z,uo—';’ﬁ)‘.of reading +4 counts] | £[3.0% of reading +4 counts] +((2.6+0.037fF): of reading +4 counts]{+[{2.6+0.037f) . of reading +4 counts]
8 :(1.5«»‘%375—) degrees :(3.3*0.035”31—5) degrees :(3.3*0.035f+32—5) degrees z(mm.oasﬂ%) degrees
. z t[(3.2+0‘—f56);of reading +4 counts] | +[3.7 of reading +4 counts] +[(2.7+0.11f) . of reading +4 counts] |+[(2.7+0.11f), of reading +4 counts]
8 3(1.6*%%) degrees 5(3.3+0.Hf+§2§) degrees 3(3.3+0.11f4»—325—) degrees 3(3.3+0.va32—5) degrees
ok z :[(2.94-0—"?—6), of reading +4 counts]|+[(3.2+0.29f)% of reading +4 counts] |+[(0.74+0.53f)% of reading +4 counts]
8 5(1As+"79~3z—5) degrees g(a.l»oAsafézi) degrees +(8.3+0.017+32) degrees
z g{(3,3+0'f56) of reading +4 counts]} ><
Took..”
8 | #(3.0 + ¥ + %) degrees

Wrere, f is test frequency in MHz, and Z is number of MAGNITUDE display counts.

*

Measurement accuracy is not specified above 100k.

On the 100k.: range, the small

zero” 5" is not counted in Z.




Table 1-1. Specifications (Sheet 2 of 5)
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TEST FREQUENCY:

Range and Resolution :

TEST FREQUENCY RANGE RESOLUTION
0.400 to 9.999MHz 1kHz
10.00 to 99.99MHz 10kHz
100.0 to 110.0MHz 100kHz

Accuracy : +0.01% of setting

Stabil

ity: +100 ppm (at 0°C to 55°C) '

Full Frequency Sweep:

Test frequency is automatically and logarithmically swept from 400kHz to
110MHz. Measurement is made at the following 43 frequency points.

400kHz, 455kHz, 500kHz, 600kHz, 700kHz, 800kHz, 900kHz, IMHz, 1.2MHz,
l.4MHz, 1.6MHz, 1.8MHz, 2MHz, 2.333MHz, 2.666MHz, 3MHz, 3.5MHz, 4MHz,
4.5MHz, 5MHz, 6MHz, TMHz, 8MHz, 9MHz, 10MHz, 12MHz, 14MHz, 16 MHz,

18MHz, 20MHz, 23.33MHz, 26.66MHz, 30MHz, 35MHz, 40MHz, 45MHz,
50MHz, 60MHz, T0MHz, 80MHz, 90MHz, 100MHz, 110MHz.
200 ‘f 1 1 T
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L e
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e o i t
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Figure A. Full-Sweep Frequency Points,
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Table 1-1. Specifications (Sheet 3 of 5)

Partial Frequency Sweep :

Test frequency is automatically and linearly swept from the selected START
FREQ. to the selected STOP FREQ. Number of measurement points is
selectable with the STEPS keys--100, 1000, HIGH RESOLN.

100 : One hundred measurement points.

1000:  One thousand measurement points.

HIGH RESOLN: Maximum step resolution for the selected sweep
frequency range (START to STOP) is automatically
selected.

MEASUREMENT TERMINAL: Two-terminal low-grounded probe, connected to
instrument with a coaxial cable.

REFERENCE PLANE: Probe tip without probe pin.
RECORDER OUTPUTS: DC voltage outputs proportional to displayed values,

Magnitude Output: 0 to1l Vde proportional to displayed MAGNITUDE value
max 1 Vde (at 2000 counts),

Phase Output : -1 Vde to +1 Vde proportional to displayed PHASE value
max *1 Vde (at 1800 counts),

Frequency Output: 0 tol Vde proportional to test frequency, as follows:

v, = Eseor = Fster  go0 honual and Partial Sweep
F Fswop — Fstawr
log (Fseor /Fstart )
Vi = for Full Sweep
F log (F stop /F stwr )

where, VF is the analog output voltage.

0 Vde and 1 Vde for START frequency and STOP frequency,
respectively.

PEN LIFT: TTL level signal. Goes LOW (PEN DOWN) at start of frequency
sweep; goes HIGH (PEN UP) at completion of frequency sweep.

TRIGGER : Internal, external, or manual.

EXTERNAL TEST SIGNAL : External oscillator can be connected to obtain higher test
frequency resolution.

Frequency : 400kHz to 110MHz.
Input Level: 0dBm to +5dBm,
Input Terminal : BNC connector,
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Table 1-1. Specifications (Sheet 4 of 5)

SELF TEST: Checks the 4193A's basic operation and displays the test results. Initiated
each time the instrument is turned on or when the SELF TEST mode is set
by the SELF TEST key or via the HP-IB. Refer to paragraph 3-7.

HP-IB INTERFACE: Remote control and data output via the HP-IB (based on
IEEE-Std-488 and ANSI-MCIl.).

Interface Capability : SH1, AHl, T5, L4, SR, RL1, DCl, DT, El
Remote Control Function : All front-panel functions except LINE ON/OFF switch

Data Output : Measured impedance magnitude and phase values, test frequency
value, and measurement setting information.

WARM-UP TIME: 260 minutes
AMBIENT TEMPERATURE: 23°C#5°C (error limits double in magnitude and

phase accuracies for 0°C to 55°C temperature
range).

GENERAL
Operating Temperature: 0°C to +55°C
Storage Temperature : -40°C to +75°C
Humidity : -95% at 40°C

Power Requirements: 100, 120, 220V +10%; 240V +5% -10%;
48 to 66Hz; power consumption 150VA, maximum

Probe Cable Length: Approximately 150cm, measured from the front-panel to the
probe tip.

Dimensions: 426mm (W) x 177mm (H) x 513mm (D) (16.77" x 7" x 20")

Weight : Approximately 18 kg.

OPTIONS
Option 907 : Front handle kit (P/N 5061-0090)
Option 908 : Rack flange kit (P/N 5061-0078)
Option 909 : Rack flange and handle kit (P/N 5061-0084)

Option 910 : Extra Manual
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Table 1-1. Specifications (Sheet 5 of 5)

Accessories Supplied :

ACCESSORIES

Part Number Accessory Name Q'ty
04193-61151 Probe 1
04193-61152 Probe Adapter 1
04193-61153 Component Adapter 1
04193-61154 Ground Adapter 1
04193-61629 Ground Lead 1
04193-21008 Probe Socket 1
0360-2065 Spare Clips 3
04193-21023| Spare N-type Pins 5
16095-29005| Spare Pins 10
04193-60152| Probe Kit Case 1
1540-0692 Pin Case 3

Accessories Available :

16099A TEST FIXTURE ADAPTER : Connects Probe to one of three test fixtures,
Model 16092A/16093A/16093B, for component

measurement.

16345A PROBE TYPE CALIBRATION BOX': Contains 10 standards, SHORT/OPEN/
109/509/1009/1802/1k$/1.8k2/10KS/5pF,

16092A SPRING CLIP FIXTURE:

16093A BINDING POST FIXTURE:

16093B BINDING POST FIXTURE:

for calibration of probe-type
instruments.

Mounts atop the 16099A  TEST
FIXTURE ADAPTER. Used for

discrete component measurements.

Mounts
FIXTURE

atop
ADAPTER.

the 16099A TEST
Used for

discrete component measurements.

Mounts
FIXTURE

atop
ADAPTER.

the 16099A TEST
Used for

discrete component measurements.

1-8




Table 1-2. General Information

SECTIO.N I

SUPPLEMENTAL PERFORMANCE CHARACTERISTICS

MEASUREMENT TIME

Normal Mode :
High Speed Mode :

Approximately | sec. (typical)
Approximately 150 msec. (typical)

FREQUENCY SETTLING TIME
Approximately 5ms to 400ms
RANGING TIME
Approximately 1.2s
PROBE WITHSTAND VOLTAGE

DC:
AC:

50V maximum
5Vrms maximum

OUTPUT IMPEDANCE
Approximately 25Q with 0.2 F series capacitance

RESIDUALS

Resistance in series with DUT (Rs) :<0.550 I Probe |
. 10, *2 | R L )
Inductance in series with DUT (Ls) :<(4.9 +?)nH Y Y T
l 1]
. 4193A

Capacitance in parallel with DUT (Cp) :<0.1IpF { °° !

& 4
: ]
———d H

Peference Plane

Note

*1: DUT includes the probe pin.
*2: f is test frequency in MHz.

TEST SIGNAL LEVEL:

Note : Current through the DUT is constant for each magnitude range.

MAGNITUDE RANGE CURRENT Thru DUT (pArms)
108 100
1008 100
1kQ 100
10k 50
100k 10

Accuracy: x20%

RESIDUAL FM
100HZzp-p for 1 thru 110MHz at 100Hz BW.

SKIP ERROR
10 counts maximum at 2.5MHz, 5MHz, and 10MHz.

1-9
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Table 1-3. Probe Kit for 4193A

* Kit Part No.: 04193-87001

Reference HP Part Number Qty Description

©) 04193-61151 1 PROBE

@ 04193-61154 1 GROUND ADAPTER

® 04193-21008 1 PROBE SOCKET

@ 04193-61152 1 BNC ADAPTER

® 04193-61153 1 COMPONENT ADAPTER
SPARE N-TYPE PIN SET

@ 04193-60153 1 Contains five spare N-type
pins (HP Part No.: 04193-21023)
SPARE PIN SET

@ 16095-60012 1 Contains ten spare N-type.
pins (HP Part No.: 16095-29005 )
SPARE CLIP SET

04193-60151 1 Contains three spare clips
(HP Part No.: 0360-2065)

@ 04193-61629 1 GROUND LEAD

@ 04193-60152 1 PROBE KIT CASE
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Table 1-4. Accessories Available (Sheet 1 of 3)

Model Description

HP16092A Spring Clip Fixture Test Fixture (direct attachment type)
for measurement of both axial and radial
lead components and lead-less chip
elements. Spring clip contacts are
capable of holding samples of dimensions

given below :
=18mm )g\

=13mm
<2.5mm <10mm

i
2~24mm

A combined slide gauge provides direct
readouts of the physical length of the
sample tested. Usable frequency range
is DC to 500MHz. The 16099A Test
Fixture Adapter is necessary to connect
the 4193 A Probe.

HP16093A Binding Post Fixture Test Fixture (direct attachment type)
for measurement of both axial and radial
lead miniature components. Two binding
post terminals at an interval of 7mm on
the terminal deck ensure optimum
contact of terminals and sample leads.

7(mm)

‘SEm:m]

Usable frequency range is DC to
250MHz. The 16099A Test Fixture
Adapter is necessary to connect the
4193A Probe.

1-11
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Table 1-4. Accessories Available (sheet 2 of 3)

Model

Description

HP16093B Binding Post Fixture

Test Fixture (direct attachment type)
for general measurement of both axial
and radial lead components. Three
binding post terminals are located on the
terminal deck as shown below :

5(mm)

(<€)

10.5(mm)

Usable frequency range is DC to
125MHz. The 16099A Test Fixture
Adapter is necessary to connect the
4193A Probe.

HP 16099A Test Fixture Adapter

Test Fixture Adapter for connecting the
4193A probe to one of the three available
test fixtures—16092A, 16093A, and
16093B.

Note: The 16099A and each of the
available test fixtures must be
ordered separately.

:HP16092A SPRING CLIP FIXTURE
:HP16093A BINDING POST FIXTURE
:HP16093B BINDING POST FIXTURE

OO0

1-12




SECTION I

Table 1-4. Accessories Available (sheet 3 of 3)

Model Desecription

HP16345A Probe Type Calibration Box Calibration standard for performance
testing and adjustment of the 4193A.
Includes ten probe-insertable standards :
OPEN, SHORT, 109, 500, 100%, 1809, 1k,
1.8k, 10k, and 5pF. If a standard is
damaged or fails to perform properly,
contact your nearest Hewlett-Packard
Sales and Service Office.

Dimensions:  310(W)x80(H)x205(D) [mm]

Weight:  Approximately 2.lkg

1-13
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SECTION 11
INSTALLATION
2-1. INTRODUCTION WARNING
2-2. This section provides installation IF THE INSTRUMENT IS TO BE

instructions for the Model 4193A Vector
Impedance Meter. This section also includes
information on initial inspection and damage
claims, preparation for using the 4193A,
packaging, storage, and shipment.

2-3. INITIAL INSPECTION

2-4. The 4193A Vector Impedance Meter, as
shipped from the factory, meets all the
specifications listed in Table 1-l. On receipt,
inspect the shipping container for damage. If the
shipping container or cushioning material is
damaged, notify the carrier as well as the
nearest Hewlett-Packard office and be sure to
keep the shipping materials for carrier's
inspection until the contents of the shipment
have been checked for completeness and the
instrument has been checked mechanically and
electrically. The contents of the shipment
should be as shown in Figure 1-l. The procedures
for checking the general electrical operation are
given in Section III (Paragraph 3-7 SELF TEST)
and the procedures for checking the 4193A
Vector Impedance Meter against its
specifications are given in Section IV. First, do
the self test. If the 4193A Vector Impedance
Meter is electrically questionable, then do the
Performance Tests to determine whether the
4193 A has failed or not.

If the contents are incomplete, if there is
mechanical damage or defects (scratches, dents,
broken switches, ete.), or if the performance
does not meet the self test or performance tests,
notify the nearest Hewlett-Packard office (see
list at back of this manual). The HP office will
arrange for repair or replacement without
waiting for claim settlement.

2-5. PREPARATION FOR USE
2-6. POWER REQUIREMENTS
2-7. The 4193A requires a power source of 100,
120, 220Volts ac +10%, or 240Volts ac +5%-10%,

48 to 66Hz single phase; power consumption is
150VA maximum.

ENERGIZED VIA AN EXTERNAL
AUTOTRANSFORMER FOR VOL-
TAGE REDUCTION, BE SURE THAT
THE COMMON TERMINAL IS
CONNECTED TO THE NEUTRAL
POLE OF THE POWER SUPPLY.

2-8. Line Voltage and Fuse Selection
CAUTION

BEFORE TURNING THE 4193A LINE
SWITCH TO ON, VERIFY THAT THE
INSTRUMENT IS SET TO THE
VOLTAGE OF THE POWER TO BE
SUPPLIED.

2-9. Figure 2-1 provides instructions for line
voltage and fuse selection. The line voltage
selection switeh and the proper fuse are factory
installed for 100 or 120 volts ac operation.

CAUTION

USE PROPER FUSE FOR LINE
VOLTAGE SELECTED.

CAUTION

MAKE SURE THAT ONLY FUSES FOR
THE REQUIRED RATED CURRENT
AND OF THE SPECIFIED TYPE ARE
USED FOR REPLACEMENT. THE
USE OF MENDED FUSES AND THE
SHORT-CIRCUITING OF FUSE-
HOLDERS MUST BE AVOIDED.

2-10. POWER CABLE

2-11. To protect operating personnel, the
National Electrical Manufacturer's Association
(NEMA) recommends that the instrument panel
and cabinet be grounded. The Model 4193A is
equipped with a three-conductor power cable
whieh, when plugged into an appropriate
receptacle, grounds the instrument. The offset
pin on the power cable is the ground wire.
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2-12. To preserve the protection feature when
operating the instrument from a two contact
outlet, use a three prong to two prong adapter
(HP Part No. 1251-0048) 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
including the standard power cord furnished with
the instrument. HP Part number, applicable
standards for power plug, power cord color,
electrical characteristics and countries using
each power cord are listed in the figure. If
assistance is needed for selecting the correct
power cable, contact the nearest Hewlett-
Packard office.

2-14. OPERATING ENVIRONMENT

2-15. Temperature. The instrument may be
operated in temperatures from 0°C to +55°C.

2-16. Humidity. @ The instrument may be

humidities to 90% at 40°C. However, the
instrument should be protected from
temperature extremes which cause condensation
within the instrument.

2-17. INSTALLATION INSTRUCTIONS

2-18. The HP Model 4193A can be operated on
the bench or in a rack mount. The 4193A is
ready for bench operation as shipped from the
factory. For bench operation a two-leg
instrument stand is used. For use, the instrument
stands are designed to be pulled towards the
front of instrument.

2-19. Installation of Options 907, 908 and 909

2-20. The 4193A can be installed in a rack and
be operated as a component of a measurement
system. Rack mounting information for the
4193A is presented in Figure 2-3.

2-21. STORAGE AND SHIPMENT
2-22. ENVIRONMENT

2-23. The instrument may be stored or shipped
in environments within the following limits:

Temperature «....... -40°C to +75°C
Humidity «cccceececee t0 95% at 40°C

The instrument should be protected from
temperature extremes which cause condensation

operated in environments with relative inside the instrument.
100V 120V ~ 220V 240V ~
~LINE ) . ~LINE ~LINE \ . ~LINE —

VOLTAGE SELECTOR VOLTAGE SELECTOR

- -
< fa
- -

— J— — J—
100V~ 120V~ 220V~ 240V~ 100V~ 120V~ 220V~ 240V~

Fuse: L5AT 250V ~

(HP P/N: 2110-0304) (HP P/N: 2110-0304)

Fuse : L5AT 250V ~ Fuse: 750mA 250V~

(HP P/N: 2110-0360)

VOLTAGE SELECTOR

= =
a a

100V~ 120V~ 220V~ 240V~

VOLTAGE SELECTOR

— —
100V~ 120V~ 220V~ 240V~

Fuse : 750mA 250V
(HP P/N: 2110-0360)

Figure 2-1. Voltage and Fuse Selection.
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OPTION 900 United Kingdom OPTION 901 Australia/New Zealand

Earth
/ / Earth

\ \ Neutral
Line Line

Plug : BS1363A, 250V Plug: NZSS 198/AS C112, 250V

Cable : HP 8120-1351 Cable : HP 8120-1369
OPTION 902 European Continent OPTION 903 U.S./Canada

Earth
Earth

Neutral /" \ Line

Earth \
Neutral

Plug : CEE-VII, 250V Plug: NEMA 5-15P, 125V, 15A
Cable : HP 8120-1689 Cable : HP 8120-1378
OPTION 905* Any country OPTION 906 Switzerland
Line @ /Neutral
é
/ REarth
Neutral Earth Line
Plug : CEE 22-VI, 250V Plug: SEV 1011.1959-24507 Type 12, 250V
Cable : HP 8120-1396 Cable : HP 8120-2104
OPTION 912 Denmark * Plug option 905 is frequently used for
interconnecting system components and
peripherals.

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

Neutral
configurations (straight, 90 ° ete.)

Plug : DHCR 107, 220V
Cable : HP 8120-2956

Figure 2-2. Power Cables Supplied.



SECTION I

2-24. PACKAGING

2-25. Original Packaging. Containers and
materials identical to those used in factory
packaging are available from Hewlett-Packard.
If 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.

2-26. Other Packaging. The following general
instructions should be used for re-packing with
commercially available materials:

instrument in heavy paper or
plastic. If shipping to Hewlett-Packard
office or service center, attach tag
indicating type of service required, return

a. Wrap

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

e. Use enough shock absorbing material (3 to
4 inch layer) around all sides of
instrument to provide firm cushion and
prevent movement inside container.
Protect control panel with cardboard.

d. Seal shipping container securely.

e. Mark shipping container FRAGILE to
ensure careful handling.

f. In any correspondence, refer to

instrument by model number and full

serial number.

address, model number, and full serial
number.
Option Kit Parts Included Part Number Q'ty Remarks
Part Number
907 Handle Kit Front Handle ® 5060-9900 2
5061-0090 - Trim Strip ® 5020-8897 2
X8-32 x 3/8 Screw 2510-0195 6 9.525mm
908 Rack Flange Kit Rack Mount Flange @ 5020-8863 2
5061-0078 X8-32 x 3/8 Screw 2510-0193 6 9.525mm
909 Rack Flange & Front handle ®  5060-9900 2
Handle Kit Rack Mount Flange (G 5020-8875 2
5061-0084 X8-32 x 3/8 Screw 2510-0194 6 15.875mm

L.

Remove adhesive-backed trim strips

®

&2

/
== |
!fl/
“@

0
< 2.
3.
4.
5.

from side at right and left front of
instrument.
HANDLE INSTALLATION : Attach front

handle () to sides at right and left front of
instrument with screws provided and
attach trim (¥ to handle.

RACK MOUNTING : Attach rack mount
flange (2 to sides at right and left front of
instrument with serews provided.

HANDLE AND RACK MOUNTING
Attach front handle 3®) and rack mount
flange (® together to sides at right and left
front of instrument with serews provided.

When rack mounting (3 and 4 above),
remove all four feet (lift bar at inner side
of foot, and slide foot toward the bar).

Figure 2-3. Rack Mount Kit.




SECTION 1II

SECTION 111l
OPERATION

3-1. INTRODUCTION

3-2. This section provides all the information
necessary to operate the Model 4193A Vector
Impedance Meter. Included are descriptions of
the front- and rear-panels, displays, lamps and
connectors; discussions on operating procedures
and measuring  techniques for various
applications; and instructions on the instrument's
SELF TEST function. Warnings, Cautions, and
Notes are given throughout; they should be
observed to insure the safety of the operator and
the serviceability of the instrument.

WARNING

BEFORE THE INSTRUMENT IS
SWITCHED ON, ALL PROTECTIVE
EARTH TERMINALS, EXTENSION
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 SERIOUS
PERSONAL INJURY.

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

CAUTION

BEFORE THE INSTRUMENT IS
SWITCHED ON, IT MUST BE SET TO
THE VOLTAGE OF THE POWER
SOURCE (MAINS), OR DAMAGE TO
THE INSTRUMENT MAY RESULT.

3-3. OPERATING INSTRUCTIONS

3-4. Operating instructions for the
instrument's basic capabilities are given in
paragraphs 3-5 through 3-44. Operating
instructions for the instrument's extended
capabilities (remote operation via the HP-IB,
X-Y Recorder Outputs, and External Oscillator)
are covered in paragraphs 3-45 through 3-80.

3-5. PANEL FEATURES

3-6. Front- and rear-panel features for the
4193A are desecribed in Figure 3-1 and Figure 3-2,
respectively. More detailed information on the
panel displays and controls is given in paragraph
3-7 and below.

3-7. SELF TEST

3-8. The 4193A is equipped with an automatic
self-diagnostic function that can be initiated at
any time to confirm normal operation of the
instrument's basic functions. SELF TEST can be
initiated from the front-panel by pressing the
SELF TEST key or via HP-IB remote control
(program code Sl). When SELF TEST is initiated
(key indicator lamp is on), eight tests of the
instruments digital section are performed and
the results (pass code or one of the error codes
listed in Table 3-5) are displayed on the
FREQUENCY display. If no errors are detected,
pass codes Pl through P7, P40, and PASS will be
sequentially displayed on the FREQUENCY
display and the instrument will then return to
normal measurement mode (SELF TEST key
indicator lamp off). If an error is detected, the
corresponding error code--listed in Table
3-5—will be displayed on the FREQUENCY
display and SELF TEST will stop. Error code
E-61 is not an instrument failure. Refer to Table
3-3 for the cause and remedy. If the instrument
fails SELF TEST (an error code other than E-61 is
displayed), contact the nearest Hewlett-Packard
Service Office. A list of addresses is provided at
the back of this manual.

Note

An abbreviated SELF TEST s
automatically performed each time
the instrument is turned on. Only
error codes--if an error is
detected--PASS or FAIL, and the
instrument's HP-IB  address are
displayed at the end of this SELF
TEST.
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(D HP-IB Status Indicators and LOCAL Key :
These four LED lamps -- SRQ, LISTEN, TALK, and REMOTE -- indicate the status of
the 4193A when it is interfaced with and under the control of a controller via the
HP-IB.
The LOCAL key, when pressed, releases the instrument from REMOTE (HP-IB)
control and enables control via the front-panel. The LOCAL key does not funetion
when the instrument is set to "local lockout" by the controller.

(®» NOT READY Lamp:
Indicates that the RF test signal is unstable or that the measured value exceeds the
magnitude range limit.

(® EXT OSC Lamp:
Comes on when an external signal source is connected to the EXT OSC connector on
the rear-panel.

@ Trigger Lamp :
Comes on each time the instrument is internally or manually triggered. Measurement
is in progress when the lamp is on. Trigger mode is set.by the TRIGGER keys -

(® MAGNITUDE Display :
Displays absolute values of vector impedance (|ZI) in a maximum 3-1/2 digit decimal
number from 0000 to 1999 (actual number of digits depends on the | Z | range). If the
measured |Z| value exceeds the range limit, an alphabetic annunciation (m N,
where N represents the range number) will appear on this display.

@ Unit Indicator Lamps :
Indicates the unit for the displayed magnitude value : kQ or .

PHASE Display :

Displays the measured phase angle (8) in four digits. The range is from 000.0 to
+180.0 degrees. If " mN" (where N represents the | Z| range number) appears on
the MAGNITUDE display, "= - - -" is displayed on this display.

FREQUENCY Display :
Displays, in MHz, the spot test frequency, and swept frequency parameters (START
and STOP frequencies). When the instrument is turned on, various SELF TEST
messages and HP-IB address are sequentially displayed on this display.

Figure 3-1. Front Panel Features (Sheet 1 of 4),

3-2
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SELF TEST Key and Indicator :

This key initiates the instrument's SELF TEST function. During SELF TEST (when the
indicator is on), eight tests, which check the basic operation of the instrument, are
automatically performed. Pass codes and error messages are displayed on the
FREQUENCY display ()). When the SELF TEST is completed, the indicator goes off
and the instrument is returned to normal measurement mode. A brief diseription of
each test and the meaning of each error message is given in paragraph 3-28.

X-Y RECORDER Function Keys:

These keys control the instrument's analog output capability. Voltage proportional to
the measurement results is output from the X-Y RECORDER OUTPUT connectors on
the rear-panel.

ON: Analog data representing the measured impedance and phase values and
the test frequency are output from the X-Y RECORDER OUTPUT
connectors on the rear-panel. Indicator lamp is on in this state.

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

INTRPL: Linear interpolation. Smooths curves plotted on the X-Y Recorder.

d_LL: Provides the zero reference voltage (0V) from each rear-panel X-Y
RECORDER OUTPUT connector. Used for zero positioning of the
recorder pen. When this key is pressed, the recorder pen will be
positioned at the lower-left (X and Y zero) of the plot area.

UR ™: Provides the full-scale reference voltage (1V) from each rear-panel X-Y
RECORDER OUTPUT connector. Used for full-scale positioning of the
recorder pen. When this key is pressed, the recorder pen will be
positioned at the upper-right (X and Y maximum) of the plot area.

LINE OFF/ON:
Applies ac line power to the instrument when set to the ON (in) position; removes ac
line power when set to the OFF (out) position.

PROBE Connector :
Probe cable connects to this connector.

Figure 3-1. Front Panel Features (Sheet 2 of 4),
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(® MAGNITUDE RANGE Keys :
These keys are used to select the measurement range.

AUTO When indicator lamp is on, optimum range for the DUT's impedance is
automatically selected.

MANUAL: When the AUTO indicator lamp is off, these keys are used to select the
measurement range. Once selected, the range will not change even if
the sample is changed. Manual ranging is done by pressing the DOWN
((8)) key or the UP ( 5] ) key.

® HIGH SPEED MODE Key:
Shortens the measurement time and increases the measurement cyele speed.

TRIGGER Keys:
These keys select the trigger mode.

INT : Measurement is triggered by the instrument's internal trigger signal.

MAN/EXT: Measurement is triggered each time this key is pressed, and
measurement data are held until the next time the key is pressed. Or
the 4193A is triggered by an external trigger.

Note

An external trigger signal can be applied from the rear panel connector.
External triggering is performed at the trailing edge of the applied TTL pulse.
See paragraph 3-32.

FREQ. RESOLUTION Keys :
Sets the incremental/decremental value for frequency changes made with the Test
Frequency Control Dial (). Incremental/decremental value for COARSE, MED, and
FINE is 100 counts, 10 counts, and 1 count, respectively.

M Test Frequency Control Dial :
Changes the test frequency. Rotating the dial clockwise increases the frequency;
rotating it counterclockwise decreases the frequency.

Figure 3-1. Front Panel Features (Sheet 3 of 4),
3-4
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Holds the probe when not in use.

STEPS Keys:
These keys select the number of measurement points for a partial swept-frequency
measurement. When the 100 key is pressed, measurement is made at 100 points from
the selected START frequency to the selected STOP frequency. The 1000 key
functions similarly to the 100 key. The HIGH RESOLUTION key automatically selects
the optimum STEP frequenecy resolution for each frequency range. Refer to Figure
3-4 for details.

Note
There are certain restrictions related to STEP frequency selection; refer to
Figure 3-4.

FULL SWEEP START/ABORT Key:

Starts and stops full-range (400kHz to 110MHz) swept frequency measurements.
When this key is pressed, the indicator lamp comes on and the sweep begins. When
this key is pressed during swept measurement (indicator lamp on), the sweep stops at
the last frequency step.

PARTIAL SWEEP START/ABORT Key:

Starts and stops partial swept frequency measurements. When this key is pressed, the
indicator lamp comes on and the sweep begins. When this key is pressed during swept
measurement (indicator lamp on), the sweep stops at the last frequency step.

ENTER Key:

This key is used in conjunction with the adjacent START FREQ. and STOP FREQ.
keys @ to enter the START and STOP frequencies for partial sweeps. When this key
is pressed, the indicator lamp comes on and the value displayed on the FREQUENCY
display is entered when the START FREQ. key or STOP FREQ. key is pressed.

START FREQ and STOP FREQ Keys: ,

These keys are used in conjunction with the adjacent ENTER key @ to enter the
START and STOP frequencies for partial sweeps. When either of these keys are
pressed while the ENTER key indicator lamp is on, the value displayed on the
FREQUENCY display is entered; when pressed while the ENTER key indiecator lamp is
off, the previously entered START FREQ. or STOP FREQ. is displayed on the
FREQUENCY display.

Figure 3-1. Front Panel Features (Sheet 4 of 4),

3-5
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HP-IB Control Switch :

Seven-bit DIP switch for setting the instrument's HP-IB address (0-30), data output
format, and HP-IB function (Talk Only or Addressable). Details are given in
paragraphs 3-61 and 3-62.

HP-IB Connector :
Twenty-four pin connector; connects to an HP-IB compatible controller or strip
recorder. Pin assignments are shown in Figure 3-18.

RECORDER OUTPUTS:

Three of these four BNC connectors output voltages proportional to displayed
MAGNITUDE, PHASE, and FREQUENCY, and can be connected to an X-Y Recorder
to plot impedance/frequency or phase/frequency characteristics. The fourth
connector outputs a TTL level DC voltage for X-Y Recorder pen-lift control.

EXT OSC Connector :
This connector can be connected to an external frequency synthesizer to obtain
higher resolution. Input signal level must be between 0dBm and +5dBm, inclusive.

EXT TRIGGER Connector :
For external triggering; an external triggering device or signal can be connected to
this connector. Details are provided in paragraph 3-32.

Serial Number Plate :
The instrument's serial number is stamped on this plate. Refer to paragraph 1-17.

v LINE VOLTAGE SELECTOR Switch :
This switeh is used to select the appropriate line voltage. Refer to paragraph 2-8.

"~ LINE FUSE Holder:
Instrument's power-line fuse is installed in this holder. Refer to paragraph 2-8.

v LINE Input Receptacle :
AC power cord is connected to this receptacle. Refer to paragraph 2-10.

Figure 3-2. Rear Panel Features.




3-9. INITIAL CONTROL SETTINGS

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

Panel Controls :

MAGNITUDE RANGE es¢ececeeee« AUTO
HIGH SPEED sessesecsssccsssscseses OFF
TRIGGER +eeeeseessesssssasesscessess INT
FREQUENCY RESOLUTION .. FINE
ENTER. ceeceeeccerceescrocescrancennes OFF
STEPS eecccercecescrsssosscanees ceeeee 100
PARTIAL SWEEP sceeecsssscsencss OFF
FULL SWEEP cececerscoscenees veeee OFF
SELF TEST «ececcsasceres ceeeeseeses OFF
X-Y RECORDER ON/OFF ... OFF
INTERPOLATION cecesceeerssesases OFF

Test Parameters :

SPOT FREQ. rseeceevecceccecee eeeses IOMHz
START FREQ :eeceeeeesensececscss 4MHz
STOP FREQ eeeesereesssssesssseees .110MHz

RECORDER OUTPUTS:*s*ssee+ .0V

3-11. MEASUREMENT RANGE

3-12. As given in Table 3-1, the 4193A has five
impedance magnitude ranges. When the
MAGNITUDE RANGE is set to AUTO, the 4193A
will automatically select the appropriate range.
On the other hand, when the MAGNITUDE
RANGE is set to MANUAL, the range will be
fixed. If the magnitude value for the DUT
exceeds the range limit, " N" (N is 1, 2,
3, 4, or 5 corresponding to the range number)
will be displayed on the MAGNITUDE display.

3-13. TEST SIGNAL LEVEL

3-14. The test signal current through the DUT
is constant for the selected measurement range.
Refer to Table 3-1. Accordingly, the voltage
across the DUT depends on the DUT impedance.

3-15. TEST FREQUENCY

3-16. There are three test frequency ranges, as
listed in Table 3-2. Frequency accuracy is 0.01%
of the value displayed on the FREQUENCY
display. Refer to Figure 3-3 for the frequency
setting procedure.

Table 3-1. Measurement Range and Test Signal Level

SECTION III

3-17. SWEPT FREQUENCY MEASUREMENTS

3-18. The 4193A is capable of two types of
frequency sweeps : PARTIAL, from the selected
START frequency to the selected STOP
frequency; and FULL, from 400kHz to 110MHz.

3-19. PARTIAL SWEEP MEASUREMENT

3-20. PARTIAL sweep measurements are used
to determine the impedance/phase versus
frequency characteristics of a sample over a
preselected frequency range. For example, the
pass band of a band-pass filter. The test
frequency is linearly swept from the selected
START frequency to the selected STOP
frequency and measurement is made at the
number of steps selected by the STEPS
keys--100, 1000, or HIGH RES. When HIGH RES
is selected, the test frequency is swept
(incremented) in accordance with the selected
FREQUENCY RESOLUTION key--COARSE,
MED, or FINE. The HIGH RES key provides
higher step frequency resolution than is possible
with the 100 or 1000 STEPS key. For example, if
the START frequency is 5MHz, the STOP
frequency is 10MHz, and the 1000 STEPS key is
selected, measurement is made at 1000
frequency points, which corresponds to a step
frequency of 5kHz. But if HIGH RES is used and
the FINE key is selected, measurement is made
at 5000 frequency points, corresponding to a step
frequency of lkHz. With HIGH RES on, FINE is
automatically selected when the PARTIAL
SWEEP START/ABORT key is pressed. COARSE
or MED can be selected during the sweep. When
100 or 1000 STEPS is selected, the FREQUENCY
RESOLUTION keys do not function. The
procedure for making a PARTIAL sweep
measurement is given in Figure 3-4.

3-21. FULL SWEEP MEASUREMENT

3-22. In FULL sweep measurements the test
frequency is logarithmically swept over the
4193A's full frequency range and measurement is
made at 43 frequency points. Refer to Figure
3-5 for the frequency of each measurement
point. A FULL sweep takes approximately 50
seconds in NORMAL speed mode and 15 seconds
in HIGH SPEED mode. The procedure for
making a FULL sweep measurement is given in
Figure 3-5.

Table 3-2. Test Frequency Range

Magnitude Range | Full-scale Counts Resolution | Test Signal Level Test Frequency Range Resolution
(1) 109 19.99 Q 10mQ 100pArms .400 to 9.999%MHz TkHz
(2) 1002 199.9 Q 100mQ 100uArms 10.00 to 99.99MHz 10kHz
(3) 1k& 1.999kQ 1Q 100pArms 100.0 to 110.0MHz 100kHz
(4) 10kQ 19.99kQ 10Q SOuATms
(5)100kQ 119. kQ 1kQ 10pArms
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SPOT FREQUENCY SETTING PROCEDURE

To manually change the spot frequency, use the procedure given below :

PROCEDURE:

1.

Press the FREQUENCY RESOLUTION key labelled COARSE. The indicator lamp
in the ceter of the key will come on.

2. Rotate the FREQUENCY dial (clockwise to increase the frequency,
counterclockwise to decrease the frequency) until the two left-most digits of the
displayed frequency are at the desired setting.

3. Press the MED key. The indicator lamp in the center of the key will come on.

4. Rotate the FREQUENCY dial until the second digit from the right is at the
desired setting.

5. Press the FINE key. The indicator lamp in the center of the key will come on.

6. Rotate the FREQUENCY dial until the right-most digit is at the desired setting.

Ci)\ ® @
FRXQUEINCY
FREQUENCY RESOLUTION
O———lGE—T©@
FREQUENCY
\@
@ Q
EXAMPLE —

Refer to the figure. The desired spot frequency is 55.55MHz.

L.

2.

Press the COARSE key (0.

Rotate the FREQUENCY dial (0 clockwise until the two left-most digits (& of
the displayed frequency are 55.

Press the MED key ().

Rotate the FREQUENCY dial (® clockwise until the second digit from the right

(®is 5.
Press the FINE key (3).

Rotate the FREQUENCY dial (¥) clockwise until the right-most digit () is 5.

Figure 3-3. Spot Frequency Setting Procedure.
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PARTIAL SWEEP MEASUREMENT
To make a PARTIAL sweep measurement, use the procedure given below :
PROCEDURE:
1. Connect the probe to the sample.
2. Select the desired START frequency. Refer to Figure 3-3 for the procedure.
3. Press the ENTER key. The indicator lamp in the center of the key will come on.
4. Press the START FREQ. key. The ENTER key indicator lamp will go off.
5. Select the desired STOP frequency. Refer to Figure 3-3 for the procedure.
6. Press the ENTER key. The indicator lamp in the center of the key will come on.
7. Press the STOP FREQ. key. The ENTER key indicator lamp will go off.

8. Press the 100, 1000, or HIGH RES STEPS key to select the number of
measurement points. Refer to paragraph 3-19.

9. Press the PARTIAL SWEEP START/ABORT key to start the sweep. The
indicator lamp in the center of the key will come on. To stop the sweep, press
the PARTIAL SWEEP START/ABORT key. The indicator lamp will go off and
the sweep will stop immediately.

Note

If the STOP frequency is lower than the START frequency, E-80 will be
displayed on the FREQUENCY display when the PARTIAL SWEEP
START/ABORT key is pressed.

Note

If the step frequency is too low for the selected frequency range, the 4193A
automatically selects an acceptable step frequenecy. If, for example, the
START frequency is 500kHz, the STOP frequency is 600kHz, and 1000 STEPS is
selected, the 4193A automatically selects 100 steps. The 1000 STEPS indicator
lamp remains on, however. This automatic adjustment can also occur during a
sweep when the frequency is swept over a frequency resolution change point;
that is, 10MHz and 100MHz.

Note

Mlanual PARTIAL sweep can be performed by presing the MANUAL TRIGGER
key.

Figure 3-4. PARTIAL Sweep Measurement,
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FULL SWEEP MEASUREMENT
To make a FULL sweep measurement, use the procedure given below :

PROCEDURE:
1. Connect the probe to the sample.

2. Press the FULL SWEEP START/ABORT key. The indicator lamp in the center of
the key will come on and the sweep will begin. To stop the sweep, press the
FULL SWEEP START/ABORT key. The indicator lamp will go off and the sweep
will stop immediately.

The FULL sweep measurement points are listed below :

400kHz, 455kHz, 500kHz, 600kHz, 700kHz, 800kHz, 900kHz, IMHz, 1.2MHz,
L.4MHz, 1.6MHz, 1.8MHz, 2MHz, 2.333MHz, 2.666MHz, 3MHz, 3.5MHz, 4MHz,
4.5MHz, 5MHz, 6MHz, TMHz, 8MHz, 9MHz, 10MHz, 12MHz, 14MHz, 16MHz,
18MHz, 20MHz, 23.33MHz, 26.66MHz, 30MHz, 35MHz, 40MHz, 45MHz, 50MHz,
60MHz, 70MHz, 80MHz, 90MHz, 100MHz, 110MHz.

200

100 o
= R
X e ®
10 —
s b PO
¢S] o
= O
o .o
[«] ¢ ®
ke
e ot
$ 1 .
— ‘.‘

0.4:'.

0 5 10 15 20 25 30 35 40 43

Sweep Frequency Points

Note

Manual FULL sweep can be performed by pressing the MANUAL TRIGGER key.

3-10
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3-23. DISPLAYS

3-24. The 4193A has three display sections :
MAGNITUDE, PHASE, and FREQUENCY. They
are described in paragraphs 3-25 through 3-27,
respectively.

3-25. The MAGNITUDE display provides direct
readout of measured impedance magnitude with
3 1/2-digit display resolution. The actual number
of display digits depends on the measurement
range. Maximum number of counts on the 10,
1009, kS, and 10kQ ranges is 1999, and 120 on the
100kQ range. The least significant digit op_the
100kQ range may be displayed as " b "
indicating that the least significant digit is
meaningless. Five over-range annunciations are
also displayed on this display. Refer to Table
3-4.

3-26. The PHASE display provides direct
readout of measured phase angle with 3 1/2-digit
display resolution. Maximum number of counts
is 1800. When measurement is made on the 100kQ
range, the least significant digit of measured
phase values may be displayed as " "
indicating that the least significant digit is
meaningless. Also, when an over-range occurs
on the MAGNITUDE display or when the
measured magnitude is less than 20 counts,
"~ - - - " will be displayed on the PHASE display.

SECTION III

3-27. The FREQUENCY display provides direct
readout of SPOT, START, and STOP frequencies
with 4-digit display resolution. Error-codes
related to mis-operation and instrument failure
are also displayed here. Refer to paragraph 3-28.

3-28. Error-Code and Over-range Annunciations

3-29. Error-codes related to mis-operation and
over-range annunciations are listed, along with a
brief description, in Tables 3-3 and 3-4,
respectively. Error codes related to SELF TEST
and instrument failure are listed in Table 3-5. If
an error listed in Table 3-5 should occur, contact
the nearest Hewlett-Packard Sales/Service
Office.

3-30. INITIAL DISPLAY TEST

3-31. All display segments and indicator lamps
are lit for approximately one second each time
the instrument is turned on. If a display segment
or indicator lamp fails to light or does not light
properly, it must be replaced.

Table 3-3. Operational Error-codes

Error-code

Meaning

t

-LL

operation.

Lower-left key ( (] ) or upper-right key ( (] ) was pressed or
selected via the HP-IB with the X-Y RECORDER function set to
ON and TRIGGER set to INT.

. The HP-IB Address Control Switch is set to address 31 (11111).
Only addresses 0 (00000) through 30 (11110) are allowed.

= STOP FREQ. is lower than the START FREQ. in PARTIAL SWEEP

wTy
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Table 3-4. Annunciations

MAGNITUDE PHASE

range to 5.

Display Display Meaning Treatment
- / _ Measured impedance magnitude value exceeds the upper Change the
limit of 100 range (Range 1). MAGNITUDE
range to
range 2.
oo = - Measured impedance magnitude value exceeds the upper Change the
limit of 100Q range (Range 2). MAGNITUDE
range to 3,
7 - 3 = Measured impedance magnitude value exceeds the upper Change the
N N limit of 1kQ range (Range 3). MAGNITUDE
range to 4.
- Measured impedance magnitude value exceeds the upper Change the
limit of 10kQ range (Range 4). MAGNITUDE

Measured impedance magnitude value exceeds the upper
limit of 100k range (Range 5).

Table 3-5. SELF TEST Error-codes

Code Description

Al7U1 (RAM) is faulty.
Al7U2 (RAM) is faulty.

A17U3 (ROM) is faulty.

Al7U4 (ROM) is faulty.

A17US (ROM) is faulty.

Al7U6 (ROM) is faulty.

Al17U7 (ROM) is faulty.

(DY
=~

Al3 Detection board is not functioning
properly.

Al4 ADC board is not functioning properly.

Al7 Control Logic board is not functioning
properly.

('
I
JZ

]
1

I
a

Al6 HP-IB board is not functioning properly.

Al7 Control Logic board is not functioning
properly.

Al7 Control Logic board is not functioning
properly.

3-12



3-32. EXTERNAL TRIGGERING

3-33. The 4193A can be externally triggered by
connecting a trigger device to the EXT
TRIGGER connector on the rear-panel. The
instrument is triggered (measurement is made)
each time a low-going TTL level pulse is applied
to this connector or each time the center
conductor is shorted and opened to ground. The
instrument must be set to the MAN/EXT trigger
mode for external trigger operation.

H

(TTL level)

lmsec minimum.

Figure 3-6. External Trigger Pulse.

3-34, MEASUREMENT TIME

3-35. Measurement time for a given DUT is
approximately 1Is in normal speed mode and
150ms in high speed mode, with the X-Y
RECORDER off and the test frequency
constant. Additional time is required when the
test frequency is changed, the DUT is changed,
or the measurement range is changed. Refer to
Table 3-6 for typical values.

Table 3-6. Additional Measurement Times

Typical Time Remarks
Freq. Settling Time 100ms (Sms to 400ms) Changing frequency.
Wait Time 200ms Changing DUT.

Ranging up or down

Ranging Time 1.2s
one range.

3-36. USE OF FURNISHED PROBE ADAPTERS
3-37. Four probe adapters are furnished to
facilitate connection to a wide range of DUT
types. Each probe adapter is listed in Table 3-7.

Table 3-7. Furnished Probe Adapters

Adapter HP Part No.

BNC Adapter
Component Adapter
Ground Adapfter
Probe Socket

04193-61152
04193-61153
04193-61154
04193-21008

SECTION III

3-38. The BNC Adapter is provided for input and
output impedance measurements on circuits
equipped with BNC female connectors. The
Component Mounting Adapter is used for
measurements on discrete axial- or radial-lead
component. The Probe Socket is for user-
fabricated test fixtures, as shown in Figure 3-7.
It is available for supporting the probe, which is
attached to the user-built fixture and is
connected to ground.

=

I

l User-fabricated l
Fixture

Figure 3-7. Probe Socket Usage.
3-39. PROBE

3-40. The instrument is adjusted to meet the
specifications listed in Table 1-l, with the
furnished probe connected. If the probe (HP P/N
04193-61151) is replaced or repaired, the
adjustments deseribed in Section VIII must be
performed. For information on probe
replacement or repair, contact the nearest
Hewlett-Packard Sales/Service Office.

CAUTION

DO NOT CONNECT THE PROBE TO A
COMPONENT OR CIRCUIT THAT HAS
A DC BIAS EXCEEDING 50V OR AN AC
VOLTAGE EXCEEDING 5V RMS. TO
DO SO MAY DAMAGE THE
INSTRUMENT.

Note

To ensure measurement accuracy, make
sure that the coupling nuts, probe
barrel, and probe tip are firmly
tightened.

3-13
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3-41. Probe and Test Fixture Residuals

3-42. The equivalent ecircuit of the 4193A's
measurement port is shown in Figure 3-8. All
measured values displayed on the MAGNITUDE
and PHASE displays include the residuals of the
probe and the test fixture. Typical values of
each residual are listed in Table 3-8.

3-43. The conductive component of the
open-circuit admittance of the equivalent circuit
shown in Figure 3-8 is sufficiently larger than
the susceptive component, ¢, at the frequencies
below 110MHz to be negligible.

l'_ PROBE AND-}
TEST FIXTURE

R L :

Figure 3-8. Equivalent Circuit.

3-44. Residuals compensation can be made
using the following procedure :

(1).  Connect nothing to the test fixture (or

probe) and note the value displayed as
Zo.

(2)  Short the test fixture (or probe) and
note the value displayed as Zs.

(3) Calculate the DUT's actual impedance
using the equation given in Figure 3-9,

Table 3-8. Typical Residuals at 100MHz

PROBE AND TEST FIXTURE| R [ L | C

(Q)](nH)|(pF)
PROBE +16099A 0.5]10 2.4
PROBE +16099A +16092A | 0.

0

0

11
PROBE + 16099A +16093A

5

5 3.5

5112 4.2
PROBE + 16099A +16093B 5[12]7.9

— Residual Impedance —

—0— Zs
l

Zm | 4193A

L

Z0 DUT | Zx=R+jX

Zm =measured impedance, Zs =short-circuit impedance,

Zo =open-circuit impedance, Zx =DUT impedance.

|zx|] = V R® + X?
9 = tan~! é
where:
R - (1Zo| cosém - |Zm| cosB,) - |Zm| + |Z,] - |zs| coses
(|Zo| cosém - |Zm| cosBo)2 + (|Zm| sinBy - |Zo| siném)2
- (IZol siném - |Zm| sin@,y) - |Zm| - |Z,| - |zs| sines
(1Zo] cosém - |Zm| cosBe)2 + (|Zm| sinG, - |Zo| sin6m)2

|Zo| and 8o: Open circuit impedance and phase, respectively.

|Zs| and 6s: Short circuit impedance and phase, respectively.

Note

These equations assume that Zy>>Zs.

3-14

Figure 3-9. Residuals Compensation.
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3-45. EXTERNAL OSCILLATOR

3-46. An external signal source (output
impedance: 50Q t 10%) can be connected to
the EXT. OSC. connector on the rear-panel to
obtain higher test signal resolution than is
possible with the 4193A's internal signal source.
This feature makes it possible to measure high-Q
devices such as crystals. A maximum test signal
resolution of 100Hz is possible when an external
signal source is used. The external oscillator
controls frequency only; the 4193A controls the
level of the test signal applied to the DUT. The
level of the external signal must be from 0 to
5dB. When the external signal source is
connected to the 4193A, the EXT. OSC. indicator
lamp on the front-panel comes on
automatically. The difference between the
4193A's test signal frequency setting and that of
the external signal source's should not exceed
10MHz. For best results the 4193A's test signal
frequency should be set as close as possible to
that of the external signal source.

3-47. X-Y RECORDER OUTPUT

3-48. The 4193A is equipped with three analog
output connectors on the rear-panel
(MAGNITUDE, PHASE, FREQUENCY) which
output DC voltages proportional to the displayed
magnitude, phase, and frequency values. These
connectors can be connected to an X-Y Recorder
to plot the impedance/frequency or phase/
frequency characteristics of the sample
impedance. A PEN LIFT connector is also
provided for use with X-Y Recorders equipped
with remote pen-lift control.

3-49. ANALOG MAGNITUDE OUTPUT

3-50. DC voltage output from the MAGNITUDE
connector is proportional to the number of
counts displayed on the MAGNITUDE display.
Output voltage is calculated as :

Cu

VM =2000

(Volts)

where Vy is the analog output voltage and
Cy is the number of counts displayed on the
MAGNITUDE display. When Cp is 2000 counts
(full-scale), for example, Vi 1is +1 volt.
MAGNITUDE output voltage range is 0 to 1 volt.

Note

If the sample's impedance is higher than
the full-scale limit of the selected
range, N (N represents the
magnitude range : 1 = 10Q range, 2 = 100Q
range, 3 = 1kQ range, 4 = 10kQ range, 5 =

100kQ range) will be displayed on the
MAGNITUDE display and the analog
output voltage will be 1 volt.

3-51. ANALOG PHASE OUTPUT

3-52. DC voltage output from the PHASE
connector is proportional to the number of
counts displayed on the PHASE display. Output
voltage is calculated as :

Cp

VP =300

(Volts)

where Vp is the analog output voltage and Cp is
the number of counts (with sign) displayed on the
PHASE display. When Cp is 1800 counts
(full-scale positive), for example, Vp is +l volt;
conversely, when Cp is -1800 counts (full-scale
negative), Vp is -1 volt. PHASE output voltage
range is 0 to #l volt.

Note

The above equation is valid even when
" . .-~ isdisplayed on the PHASE
display. The last valid phase value is
used for Cp in this case.

3-53. ANALOG FREQUENCY OUTPUT

3-54. DC voltage output from the FREQUENCY
connector is proportional to the displayed
frequency, but is different for each sweep
mode. Output voltage is calculated as:

For PARTIAL SWEEP:
f f

v, =fSPOT_ START 11 es)
STOP™ ESTART
For FULL SWEEP:
_1°g(fSPOT/fSTART)
VF “Tog(T 7E (Volts)
STOP’ *START

where VF is the analog output voltage and
fspoT» fSTART, and fsTOp are, respec-
tively, the test frequency displayed the
FREQUENCY display, the sweep START
frequenecy, and the sweep STOP frequency. All
frequencies are in MHz.

Note
When neither sweep mode is selected
(SPOT Measurement), the output

voltage is calculated using the
PARTIAL SWEEP equation.
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SECTION III

IN-CIRCUIT IMPEDANCE MEASUREMENT

C

= ] ‘ —o0
CIRCUIT [ 2

Ground Adapter
SETUP:

Attach the furnished slide-on ground adapter (HP Part No. : 04193-61154) to the probe

barrel, as shown in the figure.

PROCEDURE:

l. Turn on the instrument and verify that it passes the initial display test and that
"PASS" is displayed on the FREQUENCY display at the completion of the SELF
TEST.

2. Set the desired test frequency by rotating the Frequeney Control Dial, as
described in Figure 3-3.

3. Connect the probe center pin and the ground pin to the sample circuit terminals
as shown above. If the ground pin is too short to reach the sample circuit's
ground terminal, use the furnished ground lead (HP Part No. : 04193-61629), as
shown below :

———" S—— Y

o CIRCUIT

Ground Lead

CAUTION

DO NOT CONNECT THE PROBE TO A CIRCUIT THAT HAS A DC BIAS
EXCEEDING 50V OR AN AC VOLTAGE EXCEEDING 5V RMS. TO DO SO MAY
DAMAGE THE INSTRUMENT.

Note

The circuit terminal distance should be as short as possible.

Note
The residual impedance of the ground adapter is less than that of the ground
lead.

Note
The probe pin (HP Part No. : 16095-60012) and the ground pin (HP Part No. :
0360-2066) are replaceable.

3-16

Figure 3-10. In-circuit Impedance Measurement Procedure.
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GENERAL COMPONENT MEASUREMENT

?

SETUP:

Attach the furnished component adapter (HP Part No. : 04193-61153) to the end of the
probe, as shown in the figure.

PROCEDURE:
l.  Turn on the instrument and verify that it passes the initial display test and that
"PASS" is displayed on the FREQUENCY display at the completion of the SELF

TEST.

9. Set the desired test frequency by rotating the Frequency Control Dial, as
described in Figure 3-3.

3. Connect the DUT between the center terminal and one of the outer terminals of
the component adapter, as shown in the figure.

4. Read the measured impedance and phase displayed on the MAGNITUDE and
PHASE displays, respectively.
CAUTION
DO NOT CONNECT THE PROBE TO A COMPONENT THAT HAS A DC BIAS
EXCEEDING 50V OR AN AC VOLTAGE EXCEEDING 5V RMS. TO DO SO MAY
DAMAGE THE INSTRUMENT.
Note

The component adapter dimensions are shown below. The terminals (HP Part
No. : 04193-60151) are replaceable.

Terminal

E 20mm Els:»mmg ~—" (HP P/N: 04193-60151)

I | \ Ground Socket

(HP P/N: 04193-21007)

Note

For measurement of components that cannot be connected to the component
adapter, the 16092A/16093A/16093B test fixtures are available. Refer to Table
1-4.

Figure 3-11. General Component Measurement Procedure.
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EXTERNAL OSCILLATOR USAGE

To EXT OSC Terminal on rear-panel

8660C
© (5388 |@| @ @ | (o) ‘
> |[Oooao o o
o ICC0S0| @) ¢ o ° _
Probe
= =
EQUIPMENT:

Synthesized Signal Generator ssssssssseessssescsceceese Generator with 86633B and 866018
TYPE N (male)-BNC (female) Adapter +++++==+s« HP P/N :1250-1535

BNC (male)-BNC (male) Cable ssseseesersesessencens «=« HP 10503A

PROCEDURE:

1.  Turn off both instruments.

2. Connect the synthesizer's RF section to the 4193A's EXT. OSC. connector, as
shown in the figure.

3. Set the synthesizer's output level to 0dBm.
Note

DO NOT allow the synthesizer's output level to exceed +5dBm. To do so may
damage the 4193A.

4. Turn on both instruments.

5. Confirm that the EXT. OSC. indicator lamp on the 4193A's front-panel comes on
after completion of the initial SELF TEST.

6. Connect the probe to the device or circuit under test and set the instruments'
controls as appropriate for the measurement. For best results, set the 4193A's
test frequency as close as possible to the synthesizer's frequency.

Note

The maximum allowable difference between the 4193A's test frequency setting
and the external synthesizer's setting is I0MHz.

Note
Maximum obtainable frequenecy resolution for measurements using an external

frequency synthesizer is approximately 100Hz over the 4193A's full frequency
range, 400kHz to 110MHz.

3-18

Figure 3-12. External Oscillator Usage Procedure.
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X-Y RECORDER SETUP

EQUIPMENT :

X_Y RECORDER sscssecscssce ecesscccsccccsssecsscocce HP 7046A
BNC (male)-Dual Banana Plug Cable ss+++======= HPII001A (4 ea.)

PROCEDURE

L.

Turn off the 4193A's X-Y RECORDER function--X-Y RECORDER ON/OFF
indicator lamp should be off.

Locate the 4193A's X-Y RECORDER OUTPUTS on the rear-panel (see Figure 3-2)
and connect FREQUENCY to the recorder's X-axis, MAGNITUDE to the Yl-axis,
PHASE to the Y2-axis, and PEN LIFT to the recorder's REMOTE PEN jack
(rear-panel).

Place the chart paper on the recording platen and set the CHART switch to the
HOLD Position. PEN switch should be set to LIFT.

Press the b LL key on the 4193A and, referring to Figure A, position pen 1 at the
black dot (+) and pen 2 at the cross (x).

Press the UR ™ key on the 4193A and, referring to Figure A again, position both
pens at the circle (o).

Figure A. Plot Area of RECORDER OUTPUTS.

Note

On some X-Y Recorders, zero and full-scale adjustments may be interactive.
Repeat steps 4 and 5, if necessary.

6.

Connect the probe to the device or circuit under test and set the 4193A's controls
as appropriate for the measurement.

Perform one swept measurement with the X-Y RECORDER function set to OFF
and note the measurement range at which the DUT's impedance is highest.

Using the MANUAL MEASUREMENT RANGE keys, ©) and , set the 4193A's
measurement range to the range noted in step 7.

Press the X-Y RECORDER ON/OFF key--indicator lamp will come on--and press
the PARTIAL SWEEP or FULL SWEEP key to start the plot.

Note

The above procedure is for 2-pen recorders equipped with remote pen-lift
control. For single-pen recorders and recorders not equipped with remote
pen-lift control, the above procedure must be modified slightly.

Figure 3-13. X-Y Recorder Usage Procedure.
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3-55. HP-IB COMPATIBILITY

3-56. The 4193A can be remotely controlled via
the HP-IB, a carefully defined instrument
interface  which simplifies integration of
instruments and a caleculator or computer into a
system.

Note

HP-IB is Hewlett-Packard's imple-
mentation of IEEE Std. 488, Standard
Digital Interface for Programmable
Instrumentation.

3-57. HP-IB INTERFACE CAPABILITIES

3-58. The 4193A has eight HP-IB interface
functions, as listed in Table 3-9.

3-59. CONNECTION TO HP-IB

3-60. The 4193A can be connected into an
HP-IB bus configuration with or without a
controller (i.e., with or without an HP
caleulator). In an HP-IB system without a
controller, the instrument functions as a "talk
only" device.

3-6l. HP-IB CONTROL SWITCH

3-62. The HP-IB Control Switch, located on the
rear panel, has seven bit switeches as shown in
Figure 3-14. Each bit switch has two settings :
logical 0 (left position) and logical 1 (right
position). Bit switech 7 determines whether the
instrument will be addressable by the controller

Table 3-9. HP-IB Interface Capabilities

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 or plotter.

When bit switeh 7 is set to 0, the instrument is in
ADDRESSABLE mode and bit switches 1 through
5 determine the instrument address; when this
switch is set to 1, the instrument is in TALK
ONLY mode.

HP-1B
mis )
A1 | B33 [STATUS REQ
* | &3 |DELM3
* | =3 |FREQ REQ
» | =3 |[DELM2
AS | (3 DELM 1
[
l 0|1 I
|ADDRESSABLE | | TALK ONLY
MODE MODE

Figure 3-14. HP-IB Control Switch

3-63. ADDRESSABLE MODE

3-64. When bit switch 7 is set to
ADDRESSABLE (i.e., set to 0), bit switches 1
through 5 represent the HP-IB address of the
instrument, in binary. These switches are set to
10001 (decimal 17) when the instrument leaves
the factory but can be set to any desired
address between 0 and 30. Bit switech 6 has no
meaning in this mode. The HP-IB Control
Switch, set to the ADDRESSABLE mode and
with the factory address setting, is shown in
Figure 3-15.

Code Interface Function*
(HP-IB Capabilities) o |
SHI** Source Handshake T
AHI1 Acceptor Handshake
T5 Talker (basic talker, serial poll, talk only mode, =
unaddress to talk if addressed to listen) T
L4 Listener (basic listener, unaddress to listen if =
addressed to talk)
SR1 Service Request -
RLI Remote/Local (with local lockout) 0,
DCl1 Device Clear
DT1 Device Trigger

* Interface functions provide the means

Figure 3-15. ADDRESSABLE Mode.

for a device to receive, process, and

transmit messages over the bus.

** The suffix number of the interface code
indicates the limitation of the funection
capability as defined in Appendix C of

IEEE STD. 488.
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When the instrument is turned on, the
address is displayed on FREQUENCY
display after the SELF TEST. If the
address switches are set to 10001, the
display is as shown below :

Note

FREQUENCY

N
[

3-65.

3-66.

SECTION 1II

TALK ONLY MODE

[
[

999990
!

Figure 3-16. TALK ONLY Mode.

Table 3-10. Functions of Bit Switches @ through @

When bit switeh 7 is set to TALK ONLY
(i.e., set to 1) as shown in Figure 3-16, the other
bit switches, 1 through 6, function as described
in Table 3-10.

B}t Name Function When Set to 1 Function When Set to 0
Switch
After a measurement, the 4193A After a measurement, the 4193A
waits until all measurement proceeds to the next measure-
<:> WAIT data has been received by the ment regardless of whether the
listener before proceeding to listener has received all the
the next measurement, even in measurement data or not.
internal trigger mode.
Selects @ as the Selects the comma "," as the
Delimiter for the magnitude delimiter for the magnitude
field.* When a printer is field.* The printer does not
(:) DELM1 connected to the 4193A, this perform a carriage return or
delimiter causes the printer line feed.
to perform a carriage return
and a line feed.
Selects @ as the Selects the comma ",'" as the
delimiter for the phase field.* | delimiter for the phase field.*
(:) DELM2 This delimiter causes the The printer does not perform a
printer to perform a carriage carriage return or line feed.
return and a line feed.
Specifies that frequency data Frequency data is not output.
(:) FREQ REQ | be output along with magnitude
and phase data.
Selects @ as the Selects the comma ",'" as the
delimiter for the frequency delimiter for the frequency
<:> DELM3 field.* This delimiter causes field.* The printer does not
the printer to perform a perform a carriage return or
carriage return and a line line feed.
feed.
STATUS Specifies that status data be Status data is not output.
<:> REQ output along with magnitude

and phase data.

* Refer to para. 3-71, Data Output.
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3-67. HP-IB STATUS INDICATORS

3-68. The HP-IB Status Indicators are four LED
lamps located on the front panel. When lit,
these lamps show the existing status of the
4193A in the HP-IB system as follows :

SRQ: SRQ signal from the 4193A to
the controller is on the HP-IB
line. Refer to paragraph 3-77.

LISTEN: The 4193A is set to listener.

TALK : The 4193A is set to talker.

REMOTE : The 4193A is remotely
controlled.

3-69. LOCAL KEY

3-70. The LOCAL key releases the 4193A from
HP-IB remote control and allows measurement
conditions to be set from the front panel. The
REMOTE lamp will go off when this key is
pressed. LOCAL control is not available when
the 4193A is set to "local lockout" status by the
controller.

3-71. DATA OUTPUT

3-72. Measurement and status data are output
to external devices in bit parallel, byte serial
format via the eight DIO signal lines of the
HP-IB. These data consist of impedance
magnitude and phase data, test frequency data,
and key status data. Magnitude and phase data
are always output, but output of test frequency
data and key status data depends on the program
(ADDRESSABLE), or the setting of the HP-IB
Control Switeh on the rear panel, refer to Table
3-10. All characters are coded in accordance
with ASCII coding conventions.

[11 Impedance Magnitude Data Field

This field contains READY/NOT READY
information and the value of the measured
impedance.

_Y_)g*,S_x, ZMxXXXX Ex s
(1) (2) (3) (4)(5)

* X represents variable

numeric data.

single digit,

3-22

(2]

(3]

() Status of measurement : Y0 = NOT .
READY, Yl=READY.

(2) Status of magnitude data : SO = less
than 18 counts, SI = less than 180
counts, S2 =180 to 2000 counts, S3 =
overrange, S4 =Er -40 or Er - 4],
S5 = Er - 30, S6 = Er - 30 and Er - 40.

(3)  Magnitude display counts.
(4) Unit: E0=Q, E3 = kQ

(5) Delimiter: comma in
ADDRESSABLE _mode. In TALK
ONLY mode, or a comma

depending on the setting of bit switch
5 on the HP-IB Control Switch.
Refer to Table 3-10.

Impedance Phase Data Field

This field contains the phase of the
measured impedance.

ZPs*xxx.x n
(1) (2)

* srepresents the sign (+ or -).

(1) Sign and magnitude with decimal
point of the measured phase.

(2)  Delimeter: See [1].
Frequency Field

This field
information.

contains  test frequency

W, Bx, FRxxoex Ex, PX,0x

(1)(2) (3) (4)(5)(6)(7)

(1) Sweep mode: WI = partial sweep, W2
= full sweep, W3 = last frequency in
sweep measurement, W4 = spot
measurement.

(2)  Oscillator : B0 = Internal oscillator,
Bl = External oscillator.

(3) Frequency display counts.
(4) Unit: E6 = MHz

(5) Partial sweep step : Pl = 100, P2 =
1000, P3 = HIGH RESOLN.



(6) Frequency resolution : Ql =
COARSE, Q2 = MED, Q3 = FINE.

(7) Delimiter : See [1].
[4] Status Field

This field contains key status data (front
panel control settings).

Ax, Rx,Hx, Tx, Xx, Ix,Gx,Dx

(1) Magnitude range mode : A0 = HOLD,
Al = AUTO.

(2) Magnitude range : Rl = 109, R2 =
1009, R3 = 1kQ, R4 = 10k, R5 = 100kQ.

(3) High speed mode :
ON.

HO = OFF, Hl =

(4) Trigger mode: Tl = INT, T2 = HOLD.

(5) X-Y Recorder ON/OFF : X0 = OFF,
X1 = ON.

(6) Interpolation: 10 = OFF, Il = ON.

(7)  External trigger : GO0 = Disable, Gl
Enable.

(8) Data ready : D0 = SRQ OFF, DI
SRQ ON.

3-73. OUTPUT DATA FORMAT

3-74. There are four output data formats
available on the 4193A, as listed in the table
below. The format is determined by the HP-IB
program (ADDRESSABLE mode). For TALK
ONLY mode, see Table 3-10.

SECTION III

3-75. Programming Guide for the 4193A

3-76. Sample programs that can be run on the
Model 9825A or HP-85 Desktop Computer are
given in Figures 3-19 and 3-20.

Note

Specific  information on HP-IB
programming with the 9825A and
HP-85 can be found in the
programming manual of each
computer.

Following equipment are required to run the
sample programs :

(1) 4193A Vector Impedance Meter
(2) 98034A/B HP-IB Interface Card

(3) 9825A Desktop Computer with 98210A
String-Advanced Programming ROM
and 98213A General I/O-Extended 1/O0
ROM, or 9825B/T.

or

(2) 82937A HP-IB INTERFACE

(3) HP-85 Personal Computer  with
00085-15003 INPUT/OUTPUT ROM.

3-77. SERVICE REQUEST STATUS BYTE

3-78. The 4193A outputs an RQS (Request
Service) signal whenever it is set to one of the
six possible service request states. Figure 3-17
shows the contents of the Status Byte.

Bit 7 (RQS) indicates whether or not a service
request exists. Bit 8 is always zero (0). Bits 1
through 6 identify the type of service request.
Following are the service request states of the
4193A.

Table 3-11. Output Data Format

Fields Output
Format
Magnitude Phase Freq. Status
FMTI Yes Yes No No
FMT2 Yes Yes Yes No
FMT3 Yes Yes No Yes
FMT4 Yes Yes Yes Yes
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() Bit6: Set when no syntax error but 3-79. PARAMETER SETTING
program is inoperative as follows :

3-80. SPOT FREQUENCY and PARTIAL SWEEP

() During PARTIAL/FULL START and STOP frequencies are set via remote
SWEEP: programming, as follows :
Ch%r;\%ing SPOT FREQ. (FR SPOT FREQUENCY: FR x EN
x IR X &R
(1)(2)(3)
Executing LL, UR when X-Y PARTIAL SWEEP
RECORDER OUTPUT is ON START FREQUENCY : TF x EN
Executing SELF TEST (S1) (W23
] STOP FREQUENCY: PF x EN
(2) During PARTIAL SWEEP: M (2)(3)
Changing STEPS (Pl, P2, P3) (1) Parameter program code
(3) When X-Y RECORDER (2) Four digit (max.) number between
OUTPUT is OFF: 0.400 and 110.0; the unit is MHz.
Executing INTRPL (10, 1) (3) Parameter terminator

(4) When X-Y RECORDER
OUTPUT is ON and TRIGGER
is INT:

Executing Lower Left (LL) or
Upper Right (UR)

(2) Bit5: Indicates the result of the SELF
TEST; 0 = FAIL, 1 = PASS.

(3) Bit4: Set when the 4193A is externally
triggered before data has been
completely output in REMOTE
state.

(4) Bit 3: Set when SELF TEST is completed.

(5) Bit2: Set when the remote program
contains a syntax error.

(6) Bitl: Set when measured data is valid,
independent of "D0" or "DI" setting.

8 7 6 5 4 3 2 1
MSB , LSB
SRQ Prog. Self Trig. Self Syntax Data
logic test too test error ready
error result fast end

Figure 3-17. Status Byte.
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Table 3-12. REMOTE PROGRAM CODE

FUNCTION CONTROL CODE DESCRIPTION
: COARSE Ql
FREQUENCY RESOLUTION MED Q2
FINE Q3"
OFF Ap
AUTO MAGNITUDE RANGE ON Al
102 range R1 00.00 - 19.99%
10092 range R2 000.0 - 199.9Q
MAGNITUDE RANGE 1k range R3 0.000 - 1.999kQ
10k range R4 00.00 - 19.99kQ
100k range RS 000. - 120. k@
OFF Hp " >1 measurement/second
HIGH SPEED MODE ON H1 >3 - 10 measurement/second
100 steps 128
SWEEP STEP 1000 seeps P2
HIGH RESOLUTION P3 Sweep the least significant digit
by 1 count.
PARTIAL SWEEP START Wl
AUTO SWEEP FULL SWEEP START W2
SWEEP ABORT W3 For both PARTIAL and FULL sweep.
INTERNAL Tl
TRIGGER MAN/EXT T2 Specifies MAN/EXT trigger mode.
EXECUTE EX Triggers the 4193A.
OFF Gp Disables external trigger.
EXTERNAL TRIGGER ON Gl’ Enables external trigger.
OFF xp
ON X1
RECORDER OUTPUT LOWER LEFT L
UPPER RIGHT UR
OFF p°
INTERPOLATION ON I1
SELF TEST OFF sp°
ON S1
OFF Dp’
DATA READY SRQ ON D1 Outputs SRQ when data is
measured.
FMT1* STANDARD FIELD* output only.
FMT2 STANDARD + FREQUENCY FIELD*
OUTPUT DATA FORMAT output.
FMT3 STANDARD + STATUS FIELD* output.
FMT4 STANDARD + FREQUENCY + STATUS
FIELD output.
CANCEL DATA CL

Default code.

*: See para. 3-71 Output Data. 3-95
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Figure 3-18. HP-IB Connector.
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Sample Program 1
PURPOSE:

This program is a remote
measurement via the HP-IB.

9825A Program :

'

control, data output program for spot frequency

HP-85 Program :

0: flt 3 10 CLERR ?17
10 clr 717 20 QUTPUT 717 "FMT2TZ"
2: wrt ?17,"FMTZ2T2" 30 QUTPUT 717 "FR1EN"
3: wrt ?17,"FR1EN" 40 OQUTPUT 717 "EX"
4: wrt 717,"EX" SO ENTER 7?17 ; A,B,C,D,E,F,G
S: red ?1?,A,B,C,D,E,F,G 60 DISP C,D,G
6: dsp C,D,G 70 PRINT C,D,G
?: prt C,D,G 80 END
8: end
*1785
Line
Description
9825A HP 85
1 10 Sets all 4193A's controls to Initial Control Settings.
2 20 Selects the data output format and the trigger mode. See para. 3-73.
3 30 Sets test frequency to 1MHz.
4 40 Triggers the 4193A.
S S0 Reads the output data from the 4193A.
6 60 Displays the magnitude, phase, and test frequency values on the
controller's display.
7 70 Prints out the measurement data on the controller's printer.

To store the complete output data, the following program can be used :

9825A Program :

0: dim A$[100]

1: elr 7217

2y wrt ?17,"FMT4T2"
3: wrt 717,"FRIEN"
4: wrt ?717,"EX"

S: red ?17,RA$

6: prt RS

?: end

*¥21373

HP-85 Program :

10 DIM A$(100]

20 CLEAR 717

30 OUTPUT 717 “FMT4T2"
40 OUTPUT 717 "FRIEN"
SO OUTPUT 717 "EX"

60 ENTER 717 ; RS

70 PRINT A$

80 END

Figure 3-19. Sample Program l.
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Sample Program 2

PURPOSE :

This program is a remote control, data output program for swept frequency
measurement via the HP-IB.

9825A Program : HP-85 Program :
O: flt 3 10 CLERR 717
10 clr 717 20 QUTPUT 717 "FMT2T2"
20 wrt ?17,"FMT2T2" 30 QUTPUT 717 " TF1O0ENPF2OE MW"
30 wrt ?17,"TF10ENPF20ENWT" 40 QUTPUT 717 "Ex»
41 wrt ?17,"EX" 50 ENTER 717 ; A,B,C,D,E,F,G
S: red ?17,R,B,C,D,E,F,G 60 PRINT C,D,G
B: prt C,D,G 7?0 IF E=3 THEN S0
71 if E=3;mp 2 80 GOTO 40
8: gto 4 S0 END
3: end
*5830
Line
Description

9825A HP 85

1 10 Sets all 4193A's controls to Initial Control Settings.

2 20 Selects the data output format and the trigger mode. See para. 3-73.

3 30 Sets the START frequency and STOP frequency for a PARTIAL sweep to
10MHz and 20MHz, respectively.

4 40 Triggers the 4193A.

5 50 Reads the output data from the 4193A.

6 60 Prints out the magnitude, phase, and test frequency data on the

controller's printer.

7 70 When the test frequency reaches the STOP frequency, E changes from 1
to 3. See para. 3-72.

For FULL sweep measurement, the following program can be used :

9825A Program : HP-85 Program :

0: f1t 3 10 CLEAR 717

10 ¢clr 717 20 OUTPUT 717 "FMT2T2W2"
2: wrt ?17,"FMT2T2W2" 30 OUTPUT 717 “Ex"

31 wrt 717,"EX" 40 ENTER 7?17 ; A,B,C,D,E,F,G
4: red ?17?,A,B,C,D,E,F,G S50 PRINT C,D,G

S5: prt C,D,G B0 IF E=3 THEN 80

B: if E=3;jmp 2 70 GOTO 30

?: gto 3 80 END

8: and

*12992
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Table 4-1. Recommended Test Equipment (Sheet 1 of 2)

SECTION 1V

Equipment Critical Specifications Recommended Model Use*
10Q +.1Q at dc P
50Q +.5Q at dc p
1002 £ 1Q at dc P’A)T
giobg Izze 180Qt1.8Q at dc HP 16345A P
anda 1kQ +10Q at dc P
1.8k 18R at dc P
10kQ+100Q at dc p
SpF z1pFQ at 1MHz P
Frequency Band: 400kHz thru 110MHz
Rgsolutlon: :lﬁz maximum HP 5382A PA,T
Frequency Display: 8 digits
. <2. 3
Counter Accuracy: £2.5ppm of reading
Frequency Band: 300MHz maximum
Reactivity: 30mVrms HP 5340A AT
.. DC Voltage Range: 10V
31§ttai . | Resolution: 10mv HP 3465B P,A,T
oltmete Display: 4 digits
Frequency Range: 400kHz to 110MHz
RF AC Voltage Range: 10mVrms
Voltmeter Resolution: O0.lmVrms HP 3406A P,A,T
Accuracy: £5%
Test Frequency Range: Up to 10MHz
Oscillator | Output Level: 20dBm HP 6518 PLAT
Power Supply| Voltage Range: 0 to 10Volts HP 6214A A,T
Pulse .
Generator Pulse Width: 1Onsec. 8012B A,T
Oscillo- Frequency Range: 5MHz
scope Deflection Factor: 50mV/DIV HP1740A A,T
P Dual-channel
Sampling . .
Scope Time-base: .5nsec. HP 180C/1811A A,T
Sampling . X
Head Bandwidth: 2GHz HP 1430C A,T
Spectrum F R .
Analyzer requency Range: 50MHz to 550MHz HP141T/8552B/8554B A,T
Calculator HP 9825A P
Al12 BPF ADJ
Board HP P/N 04193-66564 A,T
20dB
Attenuator Type N (2EA) HP 8491A AT

* USE: P = Performance Test, A = Adjustment, T = Troubleshooting
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Table 4-1. Recommended Test Equipment (Sheet 2 of 2)

Equipment Critical Specifications Recommended Model Use*
50Q T Adapter HP 11063A A
BNC (female)-GR874 Adapter HP P/N 1250-0850 A
BNC Probe Adapter HP P/N 04193-61152 A
BNC T Adapter (2EA) HP P/N 1250-0781 A,T
Adapters
BNC(female)-SMB(female)Adapter (4EA) HP P/N 1250-1236 A,T
BNC(female)-TYPE N(female) Adapter HP P/N 1250-1476 A,T
BNC(female)-TYPE N(male) Adapter (2EA) HP P/N 1250-1535 A,T
BNC(female)-BNC(female) Adapter HP P/N 1250-0080 A,T
12 pin dual in-line HP P/N 04193-66561 A,T
Extender M n Gual in-line PP
Boards P in-1in HP P/N 04193-66562 A,T
24 pin dual in-line HP P/N 04193-66563 A,T
g;‘;‘f’e‘der SMB (male)-SMB (female) cable (3EA) HP P/N 04193-61630 | T
Vise Ass'y HP P/N 04193-69500
Termination| GR 874 50Q Termination HP P/N 0950-0090 A
Phase
Reference HP P/N 04193-66565 T
Board

* USE:

P = Performance Test, A = Adjustment, T = Troubleshooting
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SECTION IV
PERFORMANCE TESTS

4-1. INTRODUCTION

4-2. This section provides the tests and
procedures used to verify the 4193A
specifications listed in Table 1-1. All tests can
be performed without access to the interior of
the instrument. The performance tests can be
used when performing incoming inspection of the
instrument and when verifying that the
instrument meets specified performance after
troubleshooting and/or adjustment. If the
performance tests indicate that the instrument
is operating outside specified limits, check that
the controls on the instruments used in the test
and the test setup itself are correct and then
proceed with adjustments and/or troubleshooting.

Note

To ensure proper test results and
instrument operation, Hewlett-Packard
suggests a 60 minute warm-up and
stabilization period before performing
any of the performance tests.

4-3. EQUIPMENT REQUIRED

4-4. Equipment required to perform all of the
performance tests is listed in Table 4-l. Any
equipment that satisfies or exceeds the critical
specifications listed in the table may be used as
a substitute for the recommended models.
Accuracy checks described in this section use
the HP Model 16345A Probe Type Calibration
Box. The characteristics of the equipment
satisfy the performance requirements for the
accuracy checks and are especially suited for use
as the 4193A's accuracy test standards.

Note

Components used as standards should be
calibrated by an instrument whose
accuracy is traceable to NBS or an
equivalent standards group; or
calibrated directly by an authorized
calibration organization such as NBS.
The calibration ecyele should be in
accordance with the stability
specifications of each component.

4-5. TEST RECORD

4-6. Performance test results can be recorded
on the Test Record at the completion of the
test. The Test Record is at the end of this
section and it lists all the tested specifications
and their acceptable limits. Test results
recorded at incoming inspection can be used for
comparison in periodic maintenance, trouble-
shooting, and after repair or adjustment.

4-7. CALIBRATION CYCLE

4-8. This instrument requires periodic verifi-
cation of performance. Depending on the
conditions under which the instrument is used,
e.g., environmental conditions or frequency of
use, the instrument should be checked, with the
performance tests deseribed here, at least once
a year. To keep instrument down-time minimum
and to insure optimum operation, preventive
maintenance should be performed at least twice
a year.
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PERFORMANCE TESTS

4-9. INITIAL OPERATION CHECK

PURPOSE: This check verifies that the logic section and display section are functioning
properly.

Figure 4-1. Initial Operation Check Setup.

EQUIPMENT :
None.
PROCEDURE:
1. Insert the probe into the PROBE REST as shown in Figure 4-1.
2. Turn the instrument on.
[DISPLAY TEST] ‘
3. Confirm that all front-panel indicator lamps and display segments light for about
three seconds.
[SELF TEST]

4. Confirm that the following SELF TEST codes are sequentially displayed on the
FREQUENCY display :

-: Indicates that the SELF TEST program is in progress.

SRR Indicates that the instrument has passed the SELF TEST.

H- 1T B HP-IB address. Seventeen (17) is the factory-set address.

Note: If "m" appears on the FREQUENCY display, the

instrument needs service. Refer to Section VIII.

[INITIAL CONTROL SETTINGS]
5. Confirm that the instrument is set to the Initial Control Settings listed below.

Panel Controls : Test Parameters :
MAGNITUDE RANGE ‘ecececcccceccccces AUTO SPOT FREQ  seeeeeseececceceee I0MHz
HIGH SPEED  ccccccccccccccrccncccccccccces OFF START FREQ  ceccececcecncecee 4MHz
TRIGGER INT STOP FREQ  +eeeeeereencanceces 110MHz
FREQUENCY RESOLUTION esseeceesee FINE RECORDER OUTPUTS ----- .0V
ENTER - - OFF
STEPS cecccccsrccccccencccns 100
PARTIAL SWEEP scececscctccrcsccacacanas OFF
FULL SWEEP OFF
SELF TEST cesccceccrcesceccees OFF
X-Y RECORDER ON/OFF ceeceececes OFF
INTERPOLATION  sccccecccecceccccccscccss OFF
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PERFORMANCE TESTS

4-10.

TEST FREQUENCY ACCURACY TEST

PURPOSE: This test verifies that the test frequency is within specifications.

4193A

BNC Adapter

Probe

Figure 4-2. Test Frequency Accuracy Test Setup.

EQUIPMENT :

Frequency COUNter «ssssssssssssseseanaeeecess HP 5382A
BNC Adapter eeseeccesssecscorseecacciancenes HP P/N 04193-61152

PROCEDURE:

1.

2.

Connect the 4193A's probe to the 5382A's input as shown in Figure 4-2. Use the
furnished BNC adapter (HP Part No.: 04193-61152).

Set the 4193A and 5382A to the following control settings :

4193A : Test Frequency eeeeeeseeeeeess 41,93MHz
Other Controls secesseeeeeeeee Initial Settings

5382A : GATE TIME «eccccececcsascecees 1S
ATTENUATOR ceceeseeseecses X10

Press the SELF TEST key and confirm that the MAGNITUDE and PHASE displays
are as shown below.

[ MAGNITUDE PHASE

O 0%

Change the test frequency from 41.93MHz to 0.4MHz, and confirm that the 5382A
displays .40000MHz ¢ 40Hz.

Successively change the test frequency to 9.999MHz, 10.00MHz, 39.99MHz,
40.00MHz, 69.99MHz, 70.00MHz, and 110.0MHz, and confirm that the frequency
readings on the 5382A are within the test limits listed in Table 4-2.

Table 4-2. Test Frequency Accuracy Test Limits

Test Frequency (MHz) Table Limits (MHz)
0.400 0.399960 to 0.400040
9.999 9.99800 to 9.99999
10.00 9.99900 to 10.0010
39.99 39.9860 to 39.9939
40.00 39.9960 to 40.0040
69.99 69.9830 to 69.9969
70.00 69.9930 to 70.0070
110.0 109.989  to 110.011
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PERFORMANCE TESTS

4-12. IMPEDANCE ACCURACY TEST

PURPOSE: This test verifies that the accuracy of impedance measurements is within

specifications.
47193A
e —
R el R I L W 16345A 10Q
Figure 4-4. Impedance Accuracy Test Setup.
EQUIPMENT :

Probe Type Cal. BOX tseeeeeseeceeeese HP 16345A

PROCEDURE:
1. Turn on the instrument to establish Initial Control Settings.
2. Connect the probe to the 10Q standard of the 16345A.

3. Read measured values displayed on the MAGNITUDE and PHASE displays
when test frequency is set to 0.4MHz, 1MHz, 10MHz, 40MHz, and 110MHz,
respectively.

4. Confirm that each value is within the test limits listed in Table 4-4.

5. Perform step 3 for each of the 1009, 1k, 10kQ, and 5pF standards, and confirm
that each value is within the test limits listed in Tables 4-5 through 4-8.

Table 4-4. Impedance Acecuracy Test Limits for 109

Test Limits

Test Frequency

Magnitude Phase
0.4Mlz C.V.* 84 counts C.V.* +62 counts
1MHz C.V. +72 counts C.V. +35 counts
10MHz C.V. +72 counts C.V. +53 counts
40MHz C.V. #133 counts C.V. +113 counts

110MHz C.V. £329 counts C.V. #253 counts

* . Reference value listed in the data sheet of the 16345A
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PERFORMANCE TESTS

Table 4-5. Impedance Accuracy Test Limits for 100Q

Test Limits

Test Frequency

Magnitude Phase
0.4MHz C.V.* +42 counts C.V.* +62 counts
1MHz C.V. +34 counts C.V. +34 counts

10MHz C.V. +34 counts C.V. +36 counts
40MHz C.V. +44 counts C.V. 47 counts
110MHz C.V. +71 counts C.V. +71 counts

Table 4-6. Impedance Accuracy Test Limits for 1kQ

Test Limits

Test Frequency

Magnitude Phase
0.4MHz C.V.* +50 counts C.V.* 461 counts
1MHz C.V. +41 counts C.V. +34 counts
10MHz C.V. +41 counts C.V. +44 counts
40MHz C.V. +72 counts C.V. +77 counts
110MHz C.V. +122 counts C.V. +154 counts

Table 4-7. Impedance Accuracy Test Limits for 10kQ

Test Limits

Test Frequency

Magnitude Phase
0.4MHz c.v.* +47 counts c.v.* +65 counts
1MHz C.V. +38 counts C.V. +36 counts
10MHz C.V. +46 counts C.V. 84 counts

40MHz C.V. +77 counts C.V. +87 counts

Table 4-8. Impedance Accuracy Test Limits for 5pF

Test Limits

Test Frequency

Magnitude Phase
0.4MHz c.v.X +7 counts C.V.* +8 counts
1IMHz C.V. +5 counts C.V. +6 counts

*: Reference value listed in the data sheet of the 16345A
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PERFORMANCE TESTS

4-13.

PURPOSE:

EXTERNAL OSCILLATOR USAGE CHECK

This test verifies the useability of an external signal source.

BNC (m)-BNC (m) Cable
4193A

to EXT 0OSC Connector

==
BNC Adapter

Figure 4-5. External Oscillator Usage Check Setup.

EQUIPMENT :

Test Oscillator

ceececesnsenenane ceseseressnsesecesacacscse HP 6518

Frequency COUNtEr cceseceseccercecsasssacessssssacosacee HP 5382A

BNC Adapter

ceesercecces [TTTTPTr ceesecsssnssasecse HP P/N 04193-61152

PROCEDURE:

L.

Connect the probe to the 5382A's input with the furnished BNC adapter (HP Part
No. : 04193-61152), and connect the 651B 509 output to the 4193A's EXT OSC
terminal on the rear-panel as shown in Figure 4-5.

. Set the instruments' controls as follows :

4193A : Test Frequency sseccccececcececocccacccnns 41.93MHz
Other CONtrols eeecscescescssessessecesess Initial Settings

651B: FREQUENCY ceeeeeeseseaseeccccccnccceccsces [0MHz
OUTPUT ATTENUATOR ceeevereececses =70dBm
QOUTPUT AMPLITUDE cecccecececcceceee 0dBm

5382A : GATE TIME cccecscens cececssrens cecececenes 1S
ATTENUATOR essecccces eccsccccnce eeseee X10

Press the 4193A's SELF TEST key and confirm that the MAGNITUDE and PHASE
displays are as shown below :

| MAGNITUDE PHASE FREQUENCY

|
oesaezsi
| 1

|

On OF

Set the 4193A's test frequency to 10.00MHz.
Confirm that the 5382A displays 10.000MHz *1kHz.
Set the 651B's OUTPUT ATTENUATOR switch to 0dBm.

Confirm that the 4193A's EXT OSC lamp on the front-panel turns on, and that
the 5382A displays the 651B's test frequency, approximately 10MHz.
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4-14. RECORDER OUTPUT VOLTAGE ACCURACY TEST

PURPOSE: This test verifies that the RECORDER OUTPUT voltages are within
specifications.

4193A Rear-Panel

BNC (f)-to-Dual Banana Adapt
3658 o'C (F) apter

S

000000 000ooda

BNC (male)-BNC (male) Cable

Figure 4-6. Recorder-output Voltage Accuracy Test Setup.

EQUIPMENT :

DV  sesececececececacacacccccsncacasasasasacececcceses HP 3465B

BNC (female)-Dual Banana Adapter se:+--:* HP P/N 1251-2277
PROCEDURE:

1. Connect the INPUT of the 3465B to the MAGNITUDE RECORDER OUTPUT
terminal on the rear-panel of the 4193A. Refer to Figure 4-6.

2. Set the instruments' controls as follows.

3465B: FUNCTION .eeererereee =V
RANGE veereerrenee 2
4193A: Initial Settings

[

-LL

3. Press the (] key on the 4193A. The readout on the 3465B should be OV+20mV.
wR T}

4. Press the (] key on the 4193A. The readout on the 3465B should be 1V + 30mV.

5. Repeat steps 3 and 4 for the PHASE and FREQUENCY RECORDER OUTPUTS.

Table 4-9. Recorder-output Voltage Limits

Minimum Actual Value Maximum

MAGNITUDE output:

Lower Left (LL): - 20mv v : + 20mV

Upper Right (UR): + 970mV + 1030mV
PHASE output:

Lower Left (LL): - 20mv Vee: + 20mV

Upper Right (UR): + 970mV + 1030mV
FREQUENCY output:

Lower Left (LL): -20mv Vew: + 20mV

Upper Right (UR): + 970mV + 1030mV

4-8
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4-15. HP-IB INTERFACE TEST

PURPOSE: This test verifies the instrument's HP-IB capabilities.

Figure 4-7. HP-IB Interface Test Setup.

EQUIPMENT :
Calculator cecescccccesccecse eesssssscsssssscccene D R R P T YY) HP9825A (98258)
I/O ROM!'S cecececeeeee sessseccecee eessececscccans eesescesccccscccccne + HP98210A, 98213A
Interface Cable sssssecccccccss sececccsses tessccsecsssccsrccccscrsnens HP98034A (98034B)
10092 Standard «ecsececseee eeeececcsesetecstsccccssescasacsrcsrcesscanes HP16345A

PROCEDURE:
a. Turn both the 4193A and the 9825A off.

b. Connect the 98034A between the 9825A and 4193A as shown in Figure 4-7, and
install the I/O ROM's in the ROM slots.

c. Set the 4193A's HP-IB control switch, located on the rear panel, as follows :

bits 1-5: 10001 (17;0)
bit 6:0
bit T7:0

d. Turn the 4193A and the 9825A on.

e. Load one of the three test programs into the calculator. Test programs are
listed on pages 4-10, 4-12, and 4-14.

f. Execute the program and follow the prompts and instructions that are output by
the 9825A. Details on the controller's (calculator) instructions and the
appropriate operator response are given in Tables 4-10 through 4-12.

4-9



SECTION IV

PERFORMANCE TESTS

4-10

TEST PROGRAM 1

PURPOSE :

This test verifies that the 4193 A has the following HP-IB capabilities :

() Remote/Local Capability
(2) Local Lockout
(3) Talk Disable

(4) Listen Disable

PROGRAM LISTING:

O: "REMOTE-/LOCAL TEST":

1: dim R$(1]

2: O>N

3: rds(?717)5S

4: prt "REMOTE-LOCAL TEST";spc 3

5! rem ?

6: wrt ?717,"T1";ent "LISTEMN=1,TALK=0,REMOTE=1",A$
7. if A$="n" ;13N

8: cli 7;ent "LISTEN=Q,TALK=0,REMOTE=1",R$

9: if A$="n"; 13N

10: lcl 7;ent "LISTEN=O,TALK=0O,REMOTE=0",A$

11: {f A$="n" ;13N

12: rem ?17;ent "LISTEN=1,TALK=0O,REMOTE=1",RAS$

13: if A$="n";1>N

14: 1lo ?

15: lecl ?717;ent "LISTEN=1,TALK=0,REMOTE=C",A$

16: 1f A$="n";1>N

17: rem ?;wrt 717,"T1";ent "LISTEN=1,TALK=0,REMOTE=1",A$
18: if A$="n";1>N

19: if N=1;prt "REMOTE/LOCAL TEST FARIL";spc 3; jmp 2
20: prt "REMOTE-/LOCAL TEST PRSS";spc 3

21 OXN

22: prt "LISTEN/TALK TEST";spc 3

23: red 7?17,A;ent "LISTEN=0, TALK=1,REMOTE=1",R$
24: if A$="n";1)>N

25: wrt ?17,"T1";ent "LISTEN=1,TALK=0,REMOTE=1",AS$
26: if A$="n" ;1N

27: if N=t;prt "LISTEN/TALK TEST FRIL" ;spc 3;jmp 2
28: prt "LISTEN/TALK TEST PRSS";spc 3

29: prt "END";spc 3

30: cli 7?7

31: lel ?

32: end

%¥14058



SECTION IV

PERFORMANCE TESTS

Table 4-10. Controller Instructions and Operator Responses for Test Program 1

Controller Instructions

Operator Response
Status Indicators Printout

REMOTE/LOCAL TEST

LISTEN = 1*, TALK = 0, REMOTE = 1 If the 4193A HP-IB Status Indicators
and Controller Display are the same,

LISTEN = 0, TALK = 0, REMOTE = 1 press ,and (@=),  If not,

ress and

LISTEN = 0, TALK = 0, REMOTE = 0 P @ .

LISTEN = 1, TALK = 0, REMOTE =1

LISTEN = 1, TALK = 0, REMOTE = 0O

LISTEN = 1, TALK = 0, REMOTE = 1

REMOTE/LOCAL TEST If all steps are correct, this message is
PASS output.

REMOTE/TALK TEST If any step fails, this message is output.
FAIL

LISTEN/TALK TEST

LISTEN = 0, TALK = 1, REMOTE

"
—

If the 4193A HP-IB Status Indicators

and Controller Display are the same,

press (v] , and . If not, press
Bt

LISTEN 1, TALK = 0, REMOTE

[}
—

n

LISTEN/TALK TEST If both steps are correct, this message
PASS is output.

LISTEN/TALK TEST If any step fails, this message is output.
FAIL

END

*1 indicates ON; 0 indicates OFF.
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PERFORMANCE TESTS

4-12

TEST PROGRAM 2
PURPOSE:
This test verifies that the 4193 A has the following HP-IB capabilities :
(1)  Talker
(2) Device Trigger
PROGRAMMING :
0: "TALKER TEST":
1: prt "TALKER TEST";spc 3
2: dsp "Insert probe to 100ohm";stp
3: prt "DATA OUTPUT TEST";spc 3

4:; dim A$[100],Bs[1]
S: rds(7173>S

6: rem 7
?7: ¢cli 7
8: clr 717

9: wrt 717, "HIT2FMT2"

10: ent "Test frequency in MHz?",F

11: wrt ?17,"FR",F,"EN"

12: trg 717

13: red 717,R,B,C,D,E,F,G

14: prt C,D,G;spc 2

15: ent "Is cutput data correct?(y or n)",B$

16: if B$="n";prt "DATA OUTPUT TEST FRIL";spc 3;jmp 2
17: prt "DATA OUTPUT TEST PRSS";spc 3

18: prt "COMPLETE DATR QUTPUT TEST";spc 2

19: wrt ?17,"H1T2FMT4"

20: trg 717

21: red 717,RA%

22: prt R$;spc 2

23: ent "Is output data correct?(y or n)",B$

24: if B$="n";prt "COMPLETE DATA OUTPUT TEST FAIL";spc 3;jmp 2
25: prt "COMPLETE DATA QUTPUT TEST PASS";spc 3

Z6: end

#5370



PERFORMANCE TESTS

SECTION 1V

Table 4-11. Controller Instructions and Operator Responses for Test Program 2

Controller Instructions

Displays

Printout

Operator Response

TALKER TEST

Insert probe to 100ohm.

Insert the probe to 100Q standard
in the 16345A. Then press ([(=m ),

Test Frequency in MHz?

DATA OUTPUT TEST

Type the desired test frequency
value, from 0.4 to 110, and press

comtinue
.

Is output data correct?
(y or n)

[Magnitude]
[Phase]
[Test Frequency]

If the output data is the same as
the values displayed on each
4193A  display, press and

(==]. If not, press () and (=),

DATA OUTPUT TEST PASS

DATA OUTPUT TEST FAIL

DATA OUTPUT TEST result.

COMPLETE DATA OUTPUT TEST

Is output data correct?
(y or n)

Y1, S2, ZM [Magnitude], ZP
[Phase], W4, BO, FR [Test
Frequency], P1, Q3, Al, R2,
H1l, T2, X0, I0, Gl, DO

If the output data is the same as
the left values, press and

, If not, press @ and .

COMPLETE DATA OUTPUT TEST PASS

COMPLETE DATA OUTPUT TEST FAIL

COMPLETE DATA OUTPUT TEST result.
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PERFORMANCE TESTS

TEST PROGRAM 3
PURPOSE:
This test program verifies that the 4193A has the following HP-IB capabilities :
(1) Service Request
(2)  Serial Poll

PROGRAM LISTING :

): "SRQ TEST":
prt "SRQ TEST";spc 3
fxd Q
Pooni 7,"SRQ"
L rem 7
tecli 7
clr 7?17
wrt P17,"Go"

0:S;prt "DATA READY" ;wrt 717,"D1T2";trg 717;gsb "LOOP"

UrS;prt "SWYNTAX ERROR" ;wrt 717,"DOW4CL" ;gsk "LOOP"

0»S;prt "SELF TEST EMD";wrt 717,"S1";dsp "SELF TEST in progress"

gsb "LOOP"

0¥S;prt "TRG. TOD FAST";dsp "Connect EXT TRG pin to ground" jgskh "LOOP1"
gsb "LOOP"

0rS;prt "INEFFECTIVE PROGRAM';wrt 717,"W1S1CL";gsb "LOOP"

prt "SR TEST END";spec 2

tclre 717

cli 7

lel 7

end

¢ "LOOP":eir 7,128

if S»¥0;prt S;spc 1;ret

gto "LOOP"

"SRG irds(?17)3S

1f bit(E,5)=1; jmp 2

prt "OTHER DEVICE SRQ";spc 3
"IRET":eir 7,128

iret

"LOOPT" twrt P17,"FMTIGICL"Y
trg 717

red ?17,A,B,C,D

¥ S=0;gto "LOOPI™

wrt ?17,"i50"

Pret

#19436

[ JEERET

WO W L T B PO PO T3 P Fd T — = 2 e a2 @ Q0 ~J Ul e LR — Oy
A= O W -1 &k = SWwo-~Joa &R — . .. e aa

()
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PERFORMANCE TESTS

Table 4-12. Controller Instructions and Operator Responses for Test Program 3

Controller Instructions
Operator Response
Displays Printout
SRQ TEST
DATA READY SRQ Status Byte data should be 65
65 (= 01000001).
SYNTAX ERROR SRQ Status Byte data should be 66
66 (= 01000010).
SELF TEST in progress SELF TEST END SRQ Status Byte data should be 84
84 (= 01010100). 1If the instrument
fails SELF TEST, it should be 68
(= 01000100).
Connect EXT TRG pin TRG. TOO FAST Connect the EXT TRG pin on the
to ground 72 rear-panel to ground. SRQ Status
Byte data should be 72
(= 01001000).
INEFFECTIVE PROGRAM SRQ Status Byte data should be 96
96 (= 01100000).
SRQ TEST END
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PERFORMANCE TEST RECORD

Hewlett-Packard Tested by
Model 4193A Date
Vector Impedance Meter
Serial No.
Paragraph s Actual ;
Number Test Minimum Results Maximum
4-9 INITIAL OPERATION CHECK
DISPLAY TEST result (Pass/Fail)
SELF TEST result (Pass/Fail)
INITIAL CONTROL SETTINGS result (Pass/Fail)
4-10 TEST FREQUENCY ACCURACY CHECK
Frequency Setting:
.400 MHz 0.399960 MH:z 0.400040 MHz
9.999 Mz 9.99800 MHz 9.99999 Mi:z
10.00 MHz 9.99900 Mz 10.0010 MH:z
39.99 MHz 39.9860 MH:z 39.9939 MH:z
40.00 Mz 39.9960 MHz 40.0040 MHz
69.99 MH:z 69.9830 MHz 69.9969 MH:z
70.00 MHz 69.9930 MHz 70.0070 MHz
110.0 MHz 109.989 MH:z 110.011 MHz
4-11
4-12 IMPEDANCE ACCURACY TEST Calibrated Minimum Actual Maximum
Value Results
10Q range: 1002 standard (__—__Q, ______nH)
Frequency Setting:
0.4MHz Magni tude Q C.V. -84 counts Q| C.V. +84 counts
Phase ° C.V. -62 counts °| C.v. +62 counts
1 Mz Magnitude Q C.V. -72 counts Q] C.V. +72 counts
Phase ° C.V. -35 counts ° | C.V. +35 counts
10 Mz Magnitude Q C.V. -72 counts ] C.V. +72 counts
Phase ° C.V. -53 counts °| C.V. +53 counts
40 MHz Magnitude Q C.V. 138 counts 2] C.V.+138 counts
Phase ° C.V.-133 counts °| C.V.+133 counts
110 Mz Magni tude Q C.V.-329 counts Q| C.V.+329 counts
Phase ° C.V.-253 counts ° ] C.V.+253 counts
1002 range: 100Q standard (——2, ——pF)
Frequency Setting:
0.4MHz Magnitude Q C.V. -42 counts 0] C.V. +42 counts
Phase ° C.V. -62 counts ° C.V. +62 counts
1 MH:z Magni tude Q C.V. -34 counts Q| C.V. +34 counts
Phase ° C.V. -34 counts ° | C.V. +34 counts
10 MHz Magnitude Q C.V. -34 counts Q| C.V. +34 counts
Phase ° C.V. -36 counts ° C.V. +36 counts
40 MHz Magnitude Q C.V. -44 counts Q[ C.V. +44 counts
Phase ° C.V. -47 counts ° C.V. +47 counts
110 MHz Magnitude Q C.V. -71 counts 0] C.V. +71 counts
Phase ° C.V. -71 counts ° [ C.V. +71 counts




PERFORMANCE TEST RECORD

REMOTE/LOCAL TEST result (Pass/Fail)
LISTEN/TALK TEST result (Pass/Fail)

DATA OUTPUT TEST result (Pass/Fail)

COMPLETE DATA OUTPUT TEST result (Pass/Fail)
SRQ TEST result (Pass/Fail)

Paragraph Calibrated . Actual
Number Test Value Minimum Results Maximum
1kQ range: 1kQ standard (____Q, — pF)
Frequency Setting:
0.4MHz Magnitude ? C.V. -50 counts Q| C.v. +50 counts
Phase C.V. -61 counts °| c.v. +61 counts
1 MH:z Magnitude Q C.V. -41 counts Q| C.V. +41 counts
Phase ° C.V. -34 counts °| C.V. +34 counts
10 MHz Magnitude Q C.V. -41 counts Q| C.V. +41 counts
Phase ° C.V. -44 counts °| C.V. +44 counts
40 MHz Magnitude Q C.V. -72 counts Q| C.V. +72 counts
Phase C.V. -77 counts °l C.v. +77 counts
110 MHz Magni tude Q C.V.-122 counts Q] C.v. +122 counts
Phase ° C.V.-154 counts °| C.V. +154 counts
10kQ range: 10k standard (___Q, ____pF)
Frequency Setting:
0.4MHz Magnitude Q C.V. -47 counts Q| C.V. +47 counts
Phase C.V. -65 counts °l c.v. 465 counts
1 Miz Magnitude Q | C.v. -38 counts Q| C.V. +38 counts
Phase ° C.V. -36 counts °] C.V. +36 counts
10 MHz Magnitude Q C.V. -46 counts Q| C.V. +46 counts
Phase €.V. -84 counts °| C.v. +84 counts
40 MHz Magnitude Q C.V. -77 counts Q| Cc.v. +77 counts
Phase ° C.V. -87 counts °| C.v. +87 counts
100kQ range: SpF standard (——pF)
Frequency Setting:
0.4MHz Magnitude g C.V. -7 counts Q| C.v. 47 counts
Phase C.V. -3 counts °| C.Vv. +3 counts
1 Mz Magnitude 8 C.V. -5 counts 2] C.V. 45 counts
Phase C.V. -4 counts °] C.V. 44 counts
4-13 EXTERNAL OSCILLATOR USAGE CHECK
Test result (Pass/Fail)
4-14 RECORDER-OUTPUT VOLTAGE ACCURACY TEST
MAGNITUDE RECORDER-OUTPUT
Lower Left ( ‘L LL) -20mV +20mV
Upper Right (UR ™y ) +970mV +1030mv
PHASE RECORDER-OUTPUT
Lower Left ( U LL) -20mV +20mV
Upper Right (UR ™y ) +970mV +1030mV
FREQUENCY RECORDER-QUTPUT
Lower Left ( t._ LL) -20mV +20mV
Upper Right (UR‘*' ) +970mV +1030mV
4-15 HP-IB INTERFACE TEST

ii







SECTION V

Table 5-1. Adjustable Components

Reference

Designation Name of Control Purpose

AlC3 Vp ADJ Equalizes the height of the V-Channel and I-Channel
(Para. 5-28) sampling pulses in order to maximize sampling

efficiency in both channels.

A2R58 BIAS ADJ Eliminates test signal harmonics in order to
(Para. 5-27) minimize measurement error.

A3R9 VB Adjusts the dc bias voltage applied to sampling
(Para. 5-33) diodes.

A3R6 MAG ADJ Adjusts the V channel gain in order to adjust the
(Para. 5-34) amplitude of the magnitude signal.

A4R10 IB Adjusts the dc bias voltage applied to sampling
(Para. 5-31) diodes.

A4R30 GAIN Adjusts the I channel gain in order to adjust the
(Para. 5-32) current level through the DUT.

A4R6 PHASE ADJ Eliminates the phase shift in the medium frequency
(Para. 5-34) range.

A6C8 VCXO ADJ Adjusts the VCXO frequency range.
(Para. 5-25)

A6C7 BPF ADJ Adjusts the center frequency of the BPF to 299.99MHz.
(Para. 5-26)

A8C28 100MHz ADJ Adjusts the reference frequency of the Crystal
(Para. 5-21) Oscillator to 100MHz.

A8C3 BPF ADJ Adjusts the center frequency of the BPF to 300MHz.
(Para. 5-22)

A8R1 LEVEL ADJ Controls the output signal level to the MIXER on
(Para. 5-23) the A9 board.

A11R3 OFFSET Eliminate any dc offset voltage in the Integrator
(Para. 5-24) Circuit on the All board in order to maximize

measurement accuracy.

Al2R11 GAIN I Adjusts the gain of the IF BPF in the I channel.
(Para. 5-30)

Al12R12 PHASE I Adjusts the center frequency of the IF BPF in the I
(Para. 5-30) channel.

Al2R3 GAIN V/I1 Adjusts the gain of the IF BPF in the V/I channel.
(Para. 5-30)

Al2R4 PHASE V/1 Adjusts the center frequency of the IF BPF in
(Para. 5-30) V/1 channel.

Al13R1 ALC BIAS Adjusts ALC reference voltage in the Integrator
(Para. 5-29) Circuit.

Al5R1 F FS ADJ Adjusts the full-scale output voltage for frequency
(Para. 5-35) analog output.

Al15R2 M FS ADJ Adjusts the full-scale output voltage for
(Para. 5-35) magnitude analog output.

A15R3 P FS ADJ Adjusts the full-scale output voltage for phase
(Para. 5-35) analog output.

A4l LENGTH ADJ Eliminate the phase difference between V and I
(Para. 5-34) channels in the high frequency range.

5-0




SECTION V

SECTION V
ADJUSTMENT

5-1.  INTRODUCTION

5-2. This section describes the adjustments
and checks required to return the 4193A to the
specifications listed in Table 1-1 after repairs
have been made. These adjustments and checks
can also be performed along with periodic
maintenance to keep the instrument in optimum
operating condition. The recommended
adjustment cycle for the 4193A is twice a year.
All adjustable components referred to in the
adjustment procedures are listed in Table 5-1. If
proper performance cannot be achieved after
adjustment, refer to the troubleshooting
procedures described in Section VIII.

Note

To ensure proper results and instrument
operation, Hewlett-Packard suggests a
60 minute warm-up and stabilization
period before performing any of the
adjustments described here.

5-3. SAFETY REQUIREMENTS

5-4. Although the 4193A was designed in
accordance with international safety standards,
this manual contains information, cautions, and
warnings which must be followed to ensure
operator safety and to keep the instrument in a
safe and serviceable condition. Adjustments
described in this section should be performed by
qualified service personnel only.

WARNING

ANY INTERRUPTION OF THE
PROTECTIVE (GROUNDED) CON-
DUCTOR (INSIDE OR OUTSIDE THE
INSTRUMENT) OR DISCONNECTION OF
THE PROTECTIVE EARTH TERMINAL
IS LIKELY TO MAKE THE
INSTRUMENT DANGEROUS. INTEN-
TIONAL INTERRUPTION, FOR ANY
REASON, IS PROHIBITED.

5-5. The removal or opening of covers for
removal or adjustment of parts, other than those
which are accessible by hand, will expose live
parts.

5-6. Capacitors in the instrument may still be
charged even if the instrument has been
disconnected from the power source (AC line) for
an extended period of time.

WARNING

ADJUSTMENTS DESCRIBED IN THIS
SECTION ARE PERFORMED WITH
POWER SUPPLIED AND PROTECTIVE
COVERS REMOVED. ENERGY EXIST-
ING AT MANY POINTS MAY, IF
CONTACTED, RESULT IN SERIOUS
PERSONAL INJURY.

5-7. EQUIPMENT REQUIRED

5-8.  All the equipment required to perform the
adjustments described in this section are listed
in Table 4-1 on page 4-0. Each piece of
equipment listed in Table 4-1 should be
calibrated to satisfy its own specifications, as
well as those of the required characteristies. If
the recommended model is not available, any
instrument whose specifications equal or surpass
those of the recommended model may be used
instead.

5-9. FACTORY SELECTED COMPONENTS

5-10. Factory selected components are
identifiable by an asterisk (*) adjacent to the
reference designator on the schematic diagrams
in Section VIII (only nominal values are given).
Table 5-2 lists the reference designators of all
factory selected components. Also listed in
Table 5-2 are the nominal value range of each
component and a brief description of how each
component affects instrument performance.

Adjustable components, with reference
designators, are listed in Table 5-1. This table
also lists the name of the adjustment and its
purpose.



SECTION V

5-1. ADJUSTMENT RELATIONSHIPS

5-12. The adjustment procedures described in
this section, beginning with paragraph 5-21, are
interactive and therefore should be performed in
the sequence given. Ignoring or changing the
order of the procedures may make it impossible
to obtain optimum instrument performance.
Table 5-3 lists the necessary adjustment
procedures to follow after the instrument has
been repaired.

5-13. ADJUSTMENT LOCATIONS

5-14. To help locate the appropriate adjustment
points, the locations of the components to be
adjusted  are illustrated  throughout the
adjustment procedures. The locations of factory
selected components, connectors, and other
components related to the adjustments are
shown in the individual board assembly-
component illustrations (fold-out service sheets)
in Section VIIL

5-15. INITIAL OPERATING PROCEDURE

5-16. Before proceeding with the adjustments
described starting in paragraph 5-21, perform the
following three preliminary procedures. These
procedures provide access to the various
adjustment points and facilitate a thoroughgoing
adjustment. Initial Control Settings, described in
paragraph 3-9, must be used for each
adjustment. Exceptions to these settings will be
noted as they occur. After completing an
adjustment, return the 4193A's controls to the
initial control settings.

[BASIC OPERATING CHECK]

Check that the instrument's line voltage selector
switches, located on the rear panel, are set to
the positions appropriate for the local line
voltage. This should be performed before
proceeding with any of the adjustments.

After the recommended 60 minute warm-up
period, the instrument should pass the SELF
TEST (no error message should appear), and the
initial control settings listed in  paragraph 3-9
should be automatically set in preparation for
measurements. If the instrument displays an
error message or does not have the correct
initial  control  settings, refer to the
troubleshooting procedures given in Section VIII.

[TOP COVER REMOVAL]

a. Fully loosen the top-cover retaining
screw located at the rear of the top
cover.

b. Slide the top cover towards the rear
and lift off.

WARNING

DC VOLTAGES, #15V AND 5V, ARE
PRESENT AT EXPOSED TERMINALS
ON THE EXTRUSION BOARDS. DO
NOT TOUCH THESE TERMINALS. AS
A SAFETY PRECAUTION AGAINST
POSSIBLE ELECTRICAL SHOCK
HAZARDS AND RESULTANT INJURY,
USE INSULATED TOOLS FOR ALL
ADJUSTMENTS.

5-17. EXTRUSION BOARD REMOVAL

5-18. To prepare for a thoroughgoing adjust-
ment, remove all serews securing the Al, A2, A3,
A4, A6, and A8 extrusion boards. These boards
will require removal at least once during
adjustment.

5-19. BOARD EXTENSION

5-20. The extrusion boards are interconnected
with SMB (female)-to-SMB (female) cables of
various lengths, some of which are not long
enough for connection to an extended board.
When this situation occurs during adjustment or
troubleshooting, use an extension cable, HP P/N:
04193-61630.

Note

The yellow cable between AlP2 and
A4P2 has a precise electrical length
matching that of the probe cable. DO
NOT use a blue cable to connect AIP2
and A4P2.
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Table 5-2. Factory Selected Components

Component Nominal Value Range Effect on Performance
2.4pF (HP P/N: 0160-2242) Sets the Crystal Oscillator frequency
A8C29 e« 2.7pF (HP P/N: 0160-2243) close to 100MHz.
3.0pF (HP P/N: 0160-2244)
10cm (HP P/N: 04193-61615, red) Minimizes phase shift error at high
AlP2-A4P2 Cable e 15cm (HP P/N: 04193-61616, yellow) frequencies caused by the cable length
20cm (HP P/N: 04193-61617, blue) difference between V and I channels.

3.9pF (HP P/N: 0160-4518) Sets the VCO frequency range.

A10C69 ¢4 .7pF (1IP P/N: 0160-3873)
5.6pF (HP P/N: 0160-4498)
min: 0Q Narrows the INTEGRATOR offset adjustable
Al1R1 ¢ 9.09k (HP P/N: 0757-0288) range to facilitate the offset adjust-
max: 17.8kQ ment.
min: 0Q
ALLR2 ¢ 9.09kQ (HP P/N: 0757-0288)

max: 17.8kQ

e : typical value

Table 5-3. Adjustment Requirements

Assembly Repaired or Replaced Required Adjustments

Al Sampling PUlse Generator (SPG) para. 5-28 thru 5-35.
(P/N 04193-66501)

A2 Automatic Level Control Amplifier (ALC AMP) para. 5-27 thru 5-35.
(P/N 04193-66502)

A3 V Channel Amplifier (V CHAN AMP) para. 5-33 thru 5-35.
(P/N 04193-66503)

A4 I Channel Amplifier (I CHAN AMP) para. 5-31 thru 5-35.
(P/N 04193-66504)

A5 Mixer and Divider (MXR & DIVR) para. 5-28 thru 5-35.
(P/N 04193-66505)

A6 Voltage Controlled Crystal Oscillator (VCXO) para. 5-25 thru 5-35.
(P/N 04193-66506)

A7 Divider (DIVIDER) None.
(P/N 04193-66507)

A8 Crystal Oscillator (XTAL 0SC) para. 5-21 thru 5-35.
(P/N 04193-66508)

A9 Mixer (MIXER) None.
(P/N 04193-66509)

Al0 Voltage Controlled Oscillator (VCO) None.
(P/N 04193-66510)

All Integrator para. 5-24 thru 5-35.
(P/N 04193-66511)

Al2 IF BPF para. 5-30 thru 5-35.
(P/N 04193-66512)

Al3 Detector para. 5-29 thru 5-35.
(P/N 04193-66513)

Al4 Analog-to-Digital Converter None.
(P/N 04193-66514)

Al5 Analog Output para. 5-35 only.
(P/N 04193-66515)

Al6 HP-IB None.
(P/N 04193-66516)

Al7 Control Logic None.
(P/N 04193-66517)

Al8 Display None.
(P/N 04193-66518)

A20 POWER SUPPLY para. 5-21 thru 5-35.
(P/N 04193-66520)

A41 Delay para. 5-28 and 5-35.
(P/N 04193-66541)

A51 Probe I Channel para. 5-31 thru 5-35.
(P/N 04193-66551)

AS52 Probe V Channel para. 5-33 thru 5-35.
(P/N 04193-66552)
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ADJUSTMENTS

5-2l. 100MHz REFERENCE FREQUENCY ADJUSTMENT (A8)

PURPOSE: This adjustment sets the frequency of the 100MHz Crystal Oscillator to an
accurate 100MHz.

BNC (female)-SMB (female) adapter

\gro A8P3 (10MHz CLK OUT) [~ BNC (male)-BNC (male) cable

5382A

Figure 5-1. 100MHz Reference Frequency Adjustment Setup.
EQUIPMENT :

Frequency Countert T mm: cececssssee HP5382A
BNC (female)-SMB (female) Adapter sseceeceeceeseccecceess HPP/N 1250-1236

PROCEDURE:
1. Disconnect the cable from A8P3 (10MHz CLK OUT).

2. Connect the INPUT terminal of the 5382A to A8P3 (10MHz CLK OUT) as
shown in Figure 5-1.

3. Set the 5382A's controls as follows :

GATE TIME secececcececencs 1S
ATTENUATOR +eeeeeeeeeee X10

4. Adjust A8C28 (100MHz ADJ) until the reading on the 5382A is 10MHz+10Hz.

5. Reconnect the cable that was disconnected in step 1, and turn the 4193A off and
on to return to normal operation.

5-22. 300MHz BPF ADJUSTMENT (A8)

PURPOSE: This adjustment maximizes the level of the 300MHz signal output from the
300MHz BPF on the A8 board by setting the center frequency of the
300MHz BPF to 300MHz.



SECTION Vv

ADJUSTMENTS

BNC (female)-SMB (female) adapter BNC (male)-BNC (male) cable

1417
To A8P1 (300MHz OUT)
4193A ° —pll
o RF INPUTfS \
. ° ©© Ol || ~1YPE N (male)
Front ear °® o -BNC (female)
ocooaoo o° @ © ° adapter
Z ©0 003= =
Figure 5-2. 300MHz BPF Adjustment Setup.
EQUIPMENT :
Spectrum Analyzer «cceeeeee cesanes ceesseeceeseees HP 141Twith 8552B and 8554B Plug-ins.
Type N (male)-BNC (female) Adapter ....... HP P/N 1250-1476
BNC (female)-SMB (female) Adapter ««...... HP P/N 1250-1236

BN C(male)-BNC(male) Cable sseeecscccececcee HP 11170C
PROCEDURE:

1. Disconnect the cable from A8P1 (300MHz OUT).

9. Connect the RF INPUT terminal of the spectrum analyzer to A8Pl1 (300MHz
OUT) as shown in Figure 5-2.

3. Set the spectrum analyzer's controls as follows :

141T : PERSISTANCE ceeccecccccccccccccecs eceseccce NORMAL
WRITING RATE cceseeccee cescecsssccaccene NORMAL
8554B: CENTER FREQUENCY :eeeeeeeee sessee+ 300MHz
BANDWIDTH cecccccccccccccccee sessccccscscse 300kHz
SCAN WIDTH escecsecccscccccccnccccccccocnces SOMHZ, PER DIVISION
INPUT ATTENUATION «eseeeceuceseccses 20dB
8552B: SCAN TIME -ceeeee csessccssccccase secesccsces GMg
LOG REF LEVEL ceceececcrcoececceccnces (dBm
LOG REF LEVEL SWITCH -cecee* «=se« 10dB LOG
LINEAR SENSITIVITY ceee-- cessece esecnee ()
VIDEQO FILTER cececccccccccccccccocccnces « OFF
SCAN MODE cseecesererseccoccaceccncs sececees INT

SCAN TRIGGER eecsce00esecsscsscccsccscsne AUTO

4. Adjust A8C3 (BPF ADJ) until the level of the 300MHz spectral display on the
141T CRT is maximum. Refer to Figure 5-3.

Note

Leave all connections and control settings as they are, and proceed to paragraph
5-23.

5-5
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Figure 5-3. 300MHz Level.

5-6
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5-23. 300MHz OUTPUT LEVEL ADJUSTMENT (A8)

PURPOSE: This adjustment sets the level of the 300MHz signal (output from the A8
BPF) supplied to the mixer on the A9 board.

Note
The adjustment described in paragraph 5-22 must be performed before this
adjustment.
PROCEDURE:

1. Use the same connections and control settings as those used in paragraph 5-22.

2. Adjust A8RI (LEVEL ADJ) until the level of the 300MHz spectral display on
the 141T CRT is -22dBm. Refer to Figure 5-4.

Figure 5-4. 300MHz Level.



SECTION V

ADJUSTMENTS

5-24.

INTEGRATOR OFFSET ADJUSTMENT (A11)

PURPOSE: This adjustment provides appropriate offset compensation for the integrator

Front Rear

on the All board.

A11R1 TPI A77 Dual Banana

o Q\\ - Alligator Clip cable

~

ADJ
4193A | ™= ﬁl

34658

000000 0000000

Figure 5-5. Integrator Offset Adjustment Setup.

EQUIPMENT :

Dlgltal Voltmeter ssesessssssssccscccccsscsscccscee HP 3465B
Extender Board ceccssccesecescecesescceccscesescsss HP P/N 04193-66561
Dual Banana Plug to Alligator Clip Cable HP 11002A

PROCEDURE :

L

6.

Turn off the 4193A.

Extend the All board with an extender board.

Turn on the 4193A.

Move the jumpers AllJl and J2 from OPE to ADJ.

Connect the INPUT terminal of the 3465B to AIlITPl1 and chassis, as shown in
Figure 5-5.

Set the 3465B's controls as follows :

34658 : FUNCTION ceccceccescncass ===V
RANGE «seesecscecesseccenes 200mV

7. Adjust AlIR3 (OFFSET) until the reading on the 3465B is -2mV+0.2mV.

Note

If correct adjustment cannot be obtained in step 7, Al1R1 and AllR2
must be changed. Measure the voltage at A11TP1 with A11R3 (OFFSET)
set fully CCW and then fully CW. The reading on the 3465B at each
setting should be lower than (more negative) 0mV and higher than (more
positive) -3mV, respectively. If either reading is incorrect, replace
Al11R1 and Al11R2 as described in Table A and Table B. Then repeat step
7.

8. Replace Al1J1 and A11J2 to their normal positions, OPE.
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Table A
Reading on the 3465B AllR1 All R2
When A11R3 is Fully CCW | Resistance | HP Part No. Resistance | HP Part No.
OmV to -5mV 10.0kQ 0757-0442 7.50k& 0757-0440
-5mV to -15mV 11.0kQ 0757-0443 6.81kQ 0757-0439
-15mV to -25mV 12.1kQ 0757-0444 5.62kQ 0757-0200
-25mV to -35mV 13.3kQ 0757-0289 4,64k 0698-3155
-35mV to -45mV 14.7kQ 0698-3156 3.83k{2 0698-3153
-45mV to -55mV 14.7kQ 0698-3156 2.87kQ 0698-3151
-55mV to -65mV 16.2kQ 0757-0447 1.78kQ 0757-0278
-65mV to -75mV 16. 2kQ2 0757-0447 8250 0757-0421
-75mV to -85mV 17.8k% 0698-3136 0Q 8159-0005
Table B
Reading on the 3465B All R1 Al1R2

When All R3 is Fully CW | Resistance | HP Part No. Resistance | HP Part No.
-3mV to +5mV 7.50kf2 0757-0440 10.0kQ 0757-0442
+5mV to +15mV 6.81kQ 0757-0439 11.0kQ 0757-0443
+15mV to +25mV 5.62kQ2 0757-0200 12.1kR 0757-0444
+25mV to +35mV 4.64kS2 0698-3155 13.3kQ 0757-0289
+35mV to +45mV 3.83kQ 0698-3153 14.7kQ 0698-3156
+45mV to +55mV 2.87kQ 0698-3151 16. 2kQ2 0698-3156
+55mV to +65mV 1.78kQ 0757-0278 16.2kQ2 0757-0447
+65mV to +75mV 8258 0757-0421 16.2kQ 0757-0447
+75mV to +85mV of 8159-0005 17.8kQ 0698-3136
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5-25. VCXO ADJUSTMENT (A6)

PURPOSE: This adjustment sets the control voltage for the VCXO so as to set the

center frequency of the VCXO to 100MHz.

A6P2 Q A6TPE
/

3465B 5340A
|g.0o00000 z===z=
000000 0oooooo (o2 o] @) o a
Figure 5-6. VCXO Adjustment Setup.
EQUIPMENT :
Frequency COUNLEPr coseccsccscscscctscsscssssssccccscccsans cessseces HP 5340A
DVM ceectecessecssscescaccassscsssccnssocssssssssssnssss ceeecseccceseesss HP 3465B
BNC (female)-SMB (female) adapter ...ecceeecene. veeseseess HP P/N 1250-1236
Extender Board «sceececceees secescescectirtsesstatinranes coessensons « HP P/N 04193-66561

Dual Banana Plug to Alligator Clip Cable cceeesscecceceees HP 11002A

PROCEDURE:

10.

5-10

Turn of f the 4193A.

Disconnect the cables from A6P1 (100MHz REF) and P2 (299.99MHz).
Extend the A6 board with an extender board.

Connect A6US5 pin 2 to ground.

Turn on the 4193A.

Connect the DVM input to A6TP6, and the 5340A input to A6P2. Refer to Figure
5-6.

Confirm that the de voltage at A6TP6 is 3.5V+0.35V.

Adjust A6C8 (VCXO ADJ) until the 5340A displays 300MHz+300Hz.

Remove the jumper from between A6U5 pin 2 and ground and confirm that the
5340A displays 299.960MHz+15kHz. If the displayed frequency is out of range,
adjust A6C8 until the 5340A displays 299.960MHz+15kHz and then return to step
8.

Reinstall the A6 board to its normal position and reconnect the cables (step 2) to
A6P1 and P2, respectively.
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5-26. BPF OUTPUT LEVEL ADJUSTMENT (A6)

PURPOSE: This adjustment maximizes the level of the center frequency (299.990MHz)
of the BPF on the A6 board which is supplied to the Mixer on the A5 board.

BNC (female)-SMB (female) adapter BNC (male)-BNC (male) cable

1417

To A6P2 (299.99MHz)

4193A o —le
o o
° D -©© Ol | Prype & (male)

Front Rear N 0 _BNC (female)
uncnnao°cg>© o adapter
00 003=— = ..l

Figure 5-7. BPF Output Level Adjustment Setup.
EQUIPMENT :
Spectrum Analyzer eeceseeees ceseseanecacace e« HP 141T with 8552B and 8554B Plug-ins
TYPE N (male)-BNC (female) Adapter -~ HP P/N 1250-1476
BNC (female)-SMB (female) Adapter ---« HP P/N 1250-1236
BNC(male) - BNC(male) Cablessessecceceeee HP 11170C
PROCEDURE:
1. Disconnect the cable from A6P2 (299.99MHz).

9. Connect the RF INPUT terminal of the spectrum analyzer to A6P2 (299.99MHz)
as shown in Figure 5-7.

3. Set the spectrum analyzer's controls as described in paragraph 5-22.

4. Adjust A6C7 (BPF ADJ) until the level of the 299.99MHz spectral display on the
141TCRT is maximum.

5-11
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5-27. A2 OUTPUT AMPLIFIER BIAS ADJUSTMENT (A2)

PURPOSE:  This adjustment sets the bias voltage for the output amplifier in order to
minimize test signal distortion.
A2
Dual Banana Plug--Alligator Clip Cable

4193A To chassis

000000 0ooooao

Figure 5-8. A2 Output Amplifier Bias Adjustment Setup.

EQUIPMENT :
Dlgltal Voltmeter ecececese csecscscscscescscscssencs HP 3465B
Extender Board seceeeeecs cscesssenssnaces eceesecese HP P/N 04193-66561

Dual Banana Plug to Alligator Clip Cable HP 11002A
PROCEDURE :

1. Turn off the 4193A.

2. Extend the A2 board with the extender board.
SMB connector cables need not to be connected to A2PI and P2.

Connect the INPUT terminal of the 3465B to A2TP2 as shown in Figure 5-8.
4. Turn on the 4193A.

5. Set the 3465B's controls as follows :

FUNCTION eececcscssssccccncnce sesee —
RANGE ®e00s0ccescssesvesccccccce esese 20v

Adjust A2R58 (BIAS ADJ) until the reading on the 3465B is 3V+0.03V.

5-12
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SECTION V

5-28. SAMPLING PULSE HEIGHT ADJUSTMENT (A1)

PURPOSE: This adjustment sets the height of the V CHANNEL sampling pulse to that of
the I CHANNEL sampling pulse in order to equalize sampling efficiency in

both channels.

* These cables should be of the same length and less than 30cm long.

1430C
/BNC (female) - N type Adapter 80128
To A3P1
- — el 2
frt‘__q :>*
To A4P1
- —g —— To A5P3
8491A 20dB r
(1
180C Attenuator((
Q To AIP3
5
- | BNC (female)
-
0010 20 © Ul - .-
LR o@o . S e s
C;Téfl\@/ @ P n
TAnee e 1o -
1811A

Figure 5-9. Sampling Pulse Height Adjustment Setup.

EQUIPMENT :
Sampling Oscilloscope System «eeeeee
Samphng Head ceececcccceccccccccocescecccsss vossees
Pulse Generator esccseeee sesesssssescsscsccscessens
Oscilloscope eececsscsces ecccssssscssne eecesccccccscee
20dB Attenuator (TYPE N) cececcertncaccacenes

BNC (female)-TYPE N (male) Adapter ««...
BNC (female)-SMB (female) Adapter «c.ee..
BNC T Adaptep eececccsececesceccescocceccssecscnnes

BNC(male) - BNC(male) Cable seseeeesecceces

HP '?0C/1811A

HP 30C

HP 8012B

HP 1740A

HP 8491A

HP P/N 1250-1535
HP P/N 1250-1236
HP P/N 1250-0781

HP 11170C,7ea

2ea.
2ea.
4ea.
2ea.
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PROCEDURE

1. Connect all instruments as shown in Figure 5-9.

2. Set the instruments' controls as follows :
4193A : Trigger esesseccssessseccssssescscsnns csesses MAN/EXT

othe[\ Controls e0eecccsecccccsvcscssnence Initial settings
8012B: PULSE PERIOD(S) sececcecseececcecees EXT
PULSE ceeseectcescecacacenes cesscecssecscss NORMAL
PULSE DELAY(S) setceecceccescacecces 350 = lu
PULSE WIDTH secscescescscccsscsssccce lon - 1“
TRANSITION TIME(s) <steeeeessess+ 5n - 0.5y
AMPLITUDE (V) cececscescecscecsacanan 5.0 - 2.0
OFFSET (V) ecceeserececcenccacccnns eeese OFF
POLARITY csecccecesce acccesssccerscinnns =
SYM/NORM/COMPL .............. sece SYM
INT LOAD ............ e OUT
All VERNIER Controls <es=s+*=+=s= Fully CCW
180C . MAGNIFIER eeecsscccccsccssoccace escsccce Xl
DISPLAY seccesssesescsecssscecscssenscsns INT
1811A: DISPLAY ....... eecccsessccscoscconce s FILTERED
MODE eecscessessseccscssescecsocccscnns sseee ALT
POLARITY (Both Channels) *++++s* +UP
mV/DIV (Both Channels) =ss=s*++=+==* 200
EXPANDED/DIRECT ececeeceee sessse= DIRECT
TIME/DIV esccccccecsccsssscsecsscne sesecece .Osusec
EXPANDED TIME/DIV ¢eeeseeeeecees 5nsec
TRIGGER ................................. AUTO
MANUAL/SWEEP ...................... SWEEP
CW SLOPE ceeececccccncs coscscccscsssssens +
1740A B DISPLAY e0c0ccsse0csctecsssccesessscnccee ALT
TRIGGER ...... secsssccccsscsscsscsee ssccense A
CHAN A seevceccccsceccscccccccccscccccccces ZV/DIV (DC)
CHAN B 0cecccescecscccccscsccecccce esesece ZV/DIV (DC)
TIME/DIV ........... eeeccecccseccscscccccce 0.2usec
COUPLING ooooooooooooooo se0ceccccccscccce GND

3. Set the ground reference for CHAN A and CHAN B of the 1740A and the 180C as
shown in(1) and , respectively, of Figure 5-10.

4. Set the 8012B's AMPLITUDE VERNIER to 3Vp-».

5. Set the 1740A's coupling selectors to DC and confirm that the waveforms
displayed on the 1740A and 180C are as shown in @ and , respectively, of
Figure 5-10.

6. Adjust the 8012B's PULSE WIDTH VERNIER until the duty cycle of the CHAN B
waveform is 50%, as shown in @of Figure 5-10. The 180C should be as shown in

7. Adjust the 8012B's PULSE DELAY VERNIER until the time difference between the
peak of the CHAN A waveform and the trailing edge of the CHAN B pulse is 300ns,
as shown in(7) of Figure 5-10.

8. Rotate the 180C's INTENSITY control knob CCW until the sampling pulses and the
marker are displayed on the 180C, as shown in of Figure 5-10.

9. Using the 18l1A's POSITION control knob, position the marker at the sampling

5-14

(g)ulses, as shown in of Figure 5-10. The 1740A's display should be as shown in

of Figure 5-10.
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10. Set the 1811A's TIME/DIV switeh to EXPANDED, and adjust the POSITION control
knob until the I CHANNEL and V CHANNEL sampling pulses are displayed on the
180C as shown in @ of Figure 5-10.

1.  Adjust AIC3(Vp ADJ) until the height of the V CHANNEL sampling pulse is equal
to the I CHANNEL sampling pulse height.

12. Confirm that both pulse heights are more than 6.8V.

1740A @ 180C @ [DIRECT]
CHAN A
(GND)
CHAN B
(GND) CHAN A/B
(50mV/DIV)
.2usec/DIV .05usec/DIV
1740A 180C @ [DIRECT]
CHAN A
(2v/DI1V)
- CHAN B
(2v/DIV)
CHAN A/B
(50mV/DIV) —
.2usec/DIV .05usec/DIV
1740A @ 180C @ [DIRECT]
(2v/DIV)
CHAN B
(2v/DIV)
CHAN A/B
(50mV/DIV)

.2usec/DIV .05usec/DIV

Figure 5-10. Scope Displays (Sheet 1 of 2).
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1740A

CHAN A
(2v/DIV)

CHAN B
(2v/DIV)

.2usee/DIV

1740A

CHAN A
(2v/DIV)

CHAN B
(2v/DIV)

.2usec/DIV

1740A @

CHAN A
(2v/DIV)

CHAN B
(2v/DIV)

S — o —

.2usec/DIV

180C [DIRECT]

CHAN A/B
(50mV/DIV)
.05usec/DIV
180C ‘ [DIRECT]
CHAN A/B
(50mV/DIV)
.05usec/DIV
180C O[EXPANDED]
CHAN A/B ‘
(200mV/DIV) -/ X

.5nsec/DIV

Figure 5-10. Scope Displays (Sheet 2 of 2).
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5-29. ALC REFERENCE VOLTAGE ADJUSTMENT (A13)
PURPOSE : This adjustment sets the ALC reference voltage so as to supply a
precise current level to the DUT.
A1Z ADJ 8] g To A13 TP2 (ALC)

To A12 ADJ TP3 7

TP4 (ALC) on the Al12
4193A Q BPF ADJ Board

34658
‘ 000000 0000000 J,,

EQUIPMENT :

Figure 5-11. ALC Reference Voltage Adjustment Setup.

DC Power Supply .................. cessens eesesscsscsne HP 6214A
Dlgltal Voltmeter ceececccccccccccccccccecscee sessesses HP 3465B
Oscilloscope ....... cececeessrscssscscacesnse cssessccccscos HP 1740A
Al2 BPF ADJ Board cscecessescccenees eesssssseceess HP P/N 04193-66564
Extender Board seececececcccccccccecs eseessccesccscsssces HP P/N 04193-66561

Dual Banana Plug to Alligator Clip Cable ---.. HP 11002A,2ea
PROCEDURE:

1.  Turn off the 4193A.

2. Remove the Al2 and Al3 boards.

3. Set the switch on the Al2 BPF ADJ board to the I position.

4. Set Al3Jl to the T position as shown below :

jumper connector

Al13J1 R
left pin m © right pin

T N T N

5. Insert the Al3 board into the Al3 slot.

6. Insert the extender board into the Al2 slot and insert the Al2 BPF ADJ board
into the extender.

7. Connect the 6214A to TP4 on the A12 BPF ADJ Board as shown in the figure
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8.  Connect Channel A of the 1740A to AI3TP2, and connect the 3465B to TP3 of Al2
BPF ADJ Board as shown in Figure 5-11.

9.  Turn on all the instruments and set their controls as follows :

4193A TRIGGER ceeeecceseccssecececacesases MAN/EXT

Other Controls cessesseseeces cecees <+« Initial Settings
6214A: METER SELECTION cececccceceee VOLTS
3465B : FUNCTION cesee eececcscccccccccsvcnne ~ AC
RANGE +ececee eeessesessens cecsscccssee 2V
1740A . DISPLAY cccececee sevessssecercscsenes A (DC Coupllng)
TRIGGER ceeeseccccsccccccccces sesesss A
VOLTS/DIV covecccssscccrsas sesessese 50MV
TIME/DIV ........... sececcccccrees es>* Ims

10. Adjust the 6214 A until the reading on the 3465B is 0.707Vrms+ImVrms.
11.  Adjust A13RI1 (ALC BIAS) until the trace on the 1740A is 0V:100mV.
Note

If the IF BPF GAIN/PHASE ADJUSTMENT is to be performed immediately
after this adjustment, do not reset A13J1 to the N position.

5-30. IF BPF GAIN/PHASE ADJUSTMENT (A12)

PURPOSE: This adjustment sets the gain and the center frequency of BPF's in the I and
V/I ehannels on the Al2 board.

A2
A12 ADJ S1
A12 ADJ /
i O
Front Rear

Figure 5-12. IF BPF GAIN/PHASE Adjustment Setup.
EQUIPMENT :
Al12 BPF ADJ Board escecececceceece «es« HP P/N 04193-66564
PROCEDURE :
1. Turn off the 4193A.

2. Extend the Al2 board with the Al12 BPF ADJ board.
Set A13J1 to the T position.

3. Turn on the 4193A.



SECTION V

ADJUSTMENTS

[I channel GAIN and PHASE Adjustment]
4. Set A12 BPF ADJ Sl to the I position.
5. Adjust A12R12 (PHASE I) until the displayed phase is -7.2 degrees+2 counts.
6. Adjust AI2RIl (GAIN I) until the displayed magnitude is 100.092+3 counts.
[V/I Channel GAIN and PHASE Adjustment]
7. Set A12 BPF ADJ Sl to the V/I position.
8. Adjust Al2R4 (PHASE V/I) until the displayed phase is -7.2 degrees+2 counts.
9. Adjust Al12R3 (GAIN V/I) until the displayed magnitude is 100.00+3 counts.

Reset A13J1 to the N position.
5-31. 1 CHANNEL SAMPLING DIODE BIAS ADJUSTMENT (A4)

PURPOSE: This adjustment sets the dc bias voltage applied to the [ CHANNEL
sampling diodes on the A5] board.

BNC (female)-SMB (female) adapter  BNC (male)-Dual Banana Plug Cable

\g To A4P1 (E)

4193A

Rear 34658

dJ

—]

000000 ooooooo

Figure 5-13. I Channel Sampling Diode DC Bias Adjustment Setup.
EQUIPMENT :

Digital Voltmeter secescccccccrscoccece ®ecesscssesssccccce ees HP34658
BNC (female)-SMB (female) Adapter «esseesceessees + HP P/N 1250-1236
Extender Board ooooooo ®eccssescccsssssscscoscee ecescccsssccone HP P/N 04193_66562

BNC to Dual Banana Plug Cable **s+ssseececcecceccees HP 11001A
PROCEDURE:

l.  Turn off the 4193A.

2. Disconnect the cables from A4P1 (E), A4P2 (I SP IN), and A4P3 (F).

3. Extend the A4 board with the extender board.
4. Connect the INPUT terminal of the 3465B to A4P1 (E) as shown in Figure 5-13.
5. Set the 3465B's controls as follows :

FUNCTION ececcreccecanennes === Y

6. Turn on the 4193A : Before turning on, check that the cables are not touching
the DC supply terminal.

7. Adjust A4RI0 (IB) until the reading on the 3465B is -3.8V+20mV.

8. Check that the voltage at A4P3 (F) is +3.8V+50mV. 5-19
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5-32. TEST SIGNAL LEVEL ADJUSTMENT (A4)

PURPOSE: This adjustment is made on the ALC so as to supply the specified current to
DUT.
4193A
N R

SSEEEEESES
o

AAAAAA 500 TEE
11063A

BNC Adapter

Figure 5-14. Drive Current Level Adjustment Setup.

EQUIPMENT :
RF Voltmeter esececceccccccsccse esecssscne ceescecsscssccscee HP 3406 A
500 TEE Adaptep cececsccccscee eesesecccccscetsssscccsssece HP 11063A
500 Termination (GR 874) seeeseceesececccecccscceccesss HP P/N 0950-0090
BNC Adapter for 4193 A cccccscccccccrccccencee cecsscsses HP P/N 04193-61152

BNC (female)-GR 874 Adapteressesesseececeeceececce HP P/N 1250-0850

PROCEDURE:

l. Connect the 3406A's probe to the 4193A's probe. Disconnect the cable from Al1P1 (V SP).
Extend the A4 board.

2. Set the instruments' controls as follows :

4193A: Initial Settings
3406A : Range eeceeccceccrencencens . 0V

3. Adjust A4R30 (GAIN) until the reading on the 3406A is 5mV+.ImV.

4. Confirm that the readings on the 3406A are 5mV+.5mV in the frequency range
from .4MHz to 110MHz.

5-33. V CHANNEL SAMPLING DIODE BIAS ADJUSTMENT (A3)

PURPOSE: This adjustment sets the dec bias voltage applied to the V CHANNEL
sampling diodes on the A52 board.

BNC (female)-SMB (female) adapter BNC (male)-Dual Banana Plug Cable
\\\\ég To A3P1 (A)
4193A
Front Rear 34628

H 000000 0Cooooa :

Figure 5-15. V Channel Sampling Diode DC Bias Adjustment Setup.

5-20
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EQUIPMENT :
Digital Voltmeter seeccesscccccceccece esesescccecescssescece HP34658

BNC (female)SMB (female) Adapter seeeeeeeesecs ««« HP P/N 1250-1236
Extender BO&Pd ..................... e0cccccsesesvcsrescsssnns HP P/N 04193"66562

BNC(male) - Dual Banana Plug Cable ......cccceeeeee HP 11001 A
PROCEDURE:
1. Turn off the 4193A.
2. Disconnect the cables from A3P1 (A), A3P2 (V SP IN) and A3P3 (B).
3. Extend the A3 board with the extender board.
4. Connect the INPUT terminal of the 3465B to A3Pl (A) as shown in Figure 5-15.
5. Set the 3465B's controls as follows :

FUNCTION ceeeee cessensssascsensstnnnnae =V
RANGE cecececes ceseesstersecenccerssenns 20V

6. Turn on the 4193A.

7. Adjust A3R9 (VB) until the reading on the 3465B is -3.8V+20mV.
8. Check that the voltage at A3P3 (B) is +3.8V+50mV.
5-34. MAGNITUDE AND PHASE ACCURACY ADJUSTMENT (A3/A4/A41)

PURPOSE: This adjustment minimizes MAGNITUDE/PHASE measurement errors.
Electrical length is also adjusted.
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Figure 5-16. Magnitude and Phase Accuracy Adjustment Setup.
EQUIPMENT :
Calibration StANdArd .ececceeceserecencrececsssccncrastasercsecsassocsscensaocanes HP16345A
PROCEDURE:
1. Insert the probe into the 1009 standard of the 16345A.
2. Set the test frequency to 10MHz.

3. Adjust A3R6 (MAG ADJ) until the value displayed on the MAGNITUDE display
is 100.5Q+1 count.

4. Adjust A4R6 (PHASE ADJ) until the value displayed on the PHASE display is
0.0 degreestl count.
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