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Section 1
Preface

PREFACE

In response to the demand for new impedance measuring
instruments which can contribute to the development of
high quality devices operating in the radio frequency
region, to the increased depth of research of electronic
materials, to rf circuit design and to efficient experimental
evaluation in production quality control, Hewlett-Packard
has developed the Model 4191A RF Impedance Analyzer.

The 4191A's extended measurement capabilities deliver
the advantages of certain rf impedance measurements
beyond the level of pre-existing instruments. Its im-
proved accuracy, high resolution, multiple measurement
parameter capabiiity and wide range are innovations
beyond the prevailing concepts in rf impedance measure-
ments. Microprocessor based instrument design provides
fully automatic measurement and ease of operation
{embodied in the control functions which are all accessi-
ble through the keyboard), In addition, new 4191A
operability enhances both reliability and efficiency in all
its measurement applications,

1-0
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Section [
Paragraphs 1-1 to 1-3

SECTION 1
GENERAL INFORMATION

1-1. INTRODUCTION.

1-2. This operation and service manual contains the
information requirad to instali, operate, test, adjust and
repair the Hewlett-Packard Model 4191A RF Impedance
Analyzer. 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 micro-
fiche part number. This number 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 grder an additional manual, use the part
number listed on the title page of this manual.

P/N 04191-60200

P/N (M191-85300

P/N 04191-85302 . h0AS

P/N 04191-85301 P/N 8120-137§

Figure 1-1. Model 4191A and Accessories.

1-1
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Model 4191A

1-4. ABOUT THE MODEL 4191A.

MULTIPLE
PARAMETER
FEATURES

TEST FREQUENCY
(I-1000MHz)

WIDE RANGE
CAPABILITIES

The HP Model 4191 A RF Impedance Analyzer is a fully automatic, high performance test
instrument designed to measure diverse impedance parameter values of electronic devices
and materials at extended frequencies ranging from MF to the UHF region. The 4[91A
measures resistance (R}, reactance (X), conductance {G), susceptance (B), inductance (L),
capacitance (C), dissipation factor (D), quality factor (Q) and, in addition, the absolute
values of impedance ({Z]) and admittance ({Y]), along with phase angle (8) over wide
frequency and measurement ranges at high speed. Furthermore, the 4191A can make
reflection parameter measurements (absolute value |T'| with phase angle 8, real I'x and
imaginary part ['y) of the sample which is terminated at a single 508 test port. These
multiple measurement parameters of the 4191 A enable straight forward measurement of
the desired parameter values obviating the necessity of complex parameter conversion cal-
culations which are usually time-consuming processes in RF vector measurements.

Measurement frequency is keyboard controlled at 100kHz resolution from 1MHz to
500MHz and at 200 kHz resolution for the higher frequencies (to 1000 MHz), Optionally,
the frequency is selectable at 100 Hz resolution for the same frequency range (200 Hz
resolution for frequencies above S00 MHz). The internal synthesizer test frequency signal
is accurate to 3 ppm which satisfies stability and spectral purity requirments for measure-
ment of resonators, high selectivity filtering devices and other components. The built-in
test signal source also provides swept frequency measurement convenience {a feature of
the 4191A). The 4191A is capable of dual mode digital sweep operations — linear and
logarithmic sweep measurements in rvesponse to start, stop and step parameters pro-
grammed through its control keys. By the use of an external signal source of higher fre-
querncy resolution, the test frequency can be exactly tunad to the desired test frequency,
for example, the resonance point of a crystal resonator.

The measurement ranges were established with respect to acceptable measurement result
inaccuracies. The practicable measurement range for impedance and resistance spans
100m& to 20k, admittance from 100uS to 108, conductance from 20uS to 108, in-
ductance from 0.1 nH to 5 mH, capacitance from 0.1 pF to 1 pF, all of which are depend-
ent on the test frequency, and reflection coefficient from .0000 to +1.0000. Either react-
ance, susceptance, equivalent series resistance, conductance, dissipation factor, quality
factor or phase angle can be selected as subordinate choices to the |Z|, [Y|, R, G, L, C or
I" measurement. The practicable range for reactance is from 100m& to 20k, suscept-
ance and conductance from 20uS to 108, equivalent series resistance from 100m& to
20k, dissipation factor and quality factor from 0.001 to 1000, and phase angle from
+(.01° to £180.00°.
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HIGH SPEED OR
AVERAGING

HIGH ACCURACY

OPERABILITY

INTERNAL BIAS

FLEXIBILITY AND
EXTENDED USE

Section I
Paragraph 1-4

The two measurement display sections provide simultaneous readouts for the selected
measurement parameters by 4-1/2 digit numeric segments along with appropriate units.
In normal mode operation, the 4191A displays a running average of the five preceding
measurements at about an 800 ms measuring rate. A high speed measurement mode im-
plements the instantaneous display of measurement data taken at about 250 ms.

The basic accuracy is 1% for measurements of nearly 50Q impedance elements, and the
instrument has an improved accuracy over its full range. The 4191A must be calibrated
at the desired frequency range or for the entire frequency range before taking measure-
ments. The calibration is performed under automatic settings of both the test parameter
and frequency(ies) using three kinds of reference terminations (supplied accessories).
As a result of such automatic calibration, the measurement accuracy is optimized and the

frequency of periodic maintenance can be reduced.

Microprocessor based design of the hardware pushes this universal impedance analyzer
towards simple operation yet adds advanced performance. Desired test parameters are
fully programmable through the front panel control keys or by HP-1B control capability
furnished in the standard unit. Two delta (A) key functions eliminate the inconvenience
of deviation measurement calculations, These arithmetic functions make possible the
direct readout of the measured values minus a reference value or of the percentage that
the measurement deviates from the reference. The reference value can be taken from
either the measurement of a reference sample or from program data input. The micro-
processer augments the high reliability design of the 4191A. Convenient operational
diagnosis is feasible by merely pressing a panei pushbutton. This confirms functional
operation of the instrument. Ease of operation is further enhanced by the “save” func-
tion for continuous memorization of control settings sustained by battery memory
backup capability. A continuous memory also preserves the auto-calibration data and

saves calibration time prior to measurements.

Internal dec bias up to £40V by keyboard control action and swept voliage bias provide
convenience for bias applications. Precise voltage setting capability enables control of
bias voltage in constant }0mV minimum steps (to 40V} with basic voltage accuracy of
0.1%. The programmability and ease of control by keyboard action provide new dc bias
operability obviating the need of an external bias supply and a bias controller.

The versatility and operability of the 4191 A are maximized by the availability of versatile
test fixtures. The installation of options which can provide high resolution test frequency
and analog recorder cutput capabilities — both of which can be combined in one unit,
augment these capabilities. Test fixtures are designed with careful consideration for en-
hancing the reliability of measurement across broad frequency and impedance ranges.
The high resolution test frequency option multiplies the frequency resolution of the
synthesizer test signal source by 1000 times. Analog recorder output permits the graphic
recording of measurement data on an X-Y recorder in swept frequency/bias measurements.
In reflection parameter measurements (in particular), the recorder output can draw swept
parameter data on a Smith Chart.

13
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1-b. SPECIFICATIONS.

1-6. Complete specifications of the Model 4191A Im-
pedance Analyzer are given in Table 1-1. These specifi-
cations are the performance standards or limits against
which the instrument is tested. The test procedures for
the specifications are covered in Section IV Performance
Tests. Table 1-2 lists supplemental performance charac-
teristics. Supplemental performance characteristics are
not specifications but are typical characteristics included
as additional information for the operator. When the
4191A RF Impedance Analyzer is shipped from the
factory, it meets the specifications listed in Table 1-1.

1-7. SAFETY CONSIDERATIONS.

[-8. The Model 4191A RF Impedance Analyzer has
been designed to conform to the safety requirements of
an IEC (International Flectromechanical Committee)
Safety Class I instrument and is shipped from the factory
in a safe condition,

1-9. This operating and service manual contains informa-
tion, cautions, and warnings which must be followed by
the user to ensure safe operation and to maintain the
instrument in a safe condition.

1-10. INSTRUMENTS COVERED BY MANUAL.

1-11. Hewlett-Packard uses a two-section nine character
serial number which is marked on the serial number plate
(Figure 1-2) attached to the instrument 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 country where instrument was

Figure 1-2, Serial Number Plate.

1-4
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manufactured. The prefix is the same for alt identical in-
struments; 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 nurhber
prefix{es) listed under SERIAL NUMBERS on the title

page.

1-12. 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 pre-
fix indicates the instrument is different from those
described in this manual. The manual for this new instru-
ment may be accompanied by a yellow Manual Changes
supplement or have a different manual part number. This
supplement contains “‘change information™ that explains
how to adapt the manual to the newer instrument.

1-13. 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. Complementary
copies of the supplement are available from Hewlett-
Packard. Tf the serial prefix or number of an instrument
is lower than that on the title page of this manual, see
Section VII Manual Changes.

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

Table 1-1. Specifications {Sheet 1 of b).

SPECIFICATIONS

Parameters Measured:

Z

Y & (radian/degree}

F )
B R X

G B
i I'x 'y )

I(; ?D“” C"}'ﬁ:?‘ s D, Q

A (unit deviation) and A% (percent deviation) for
all parameters.

Test Signal (Internal): I to 1000MHz

Characteristics! }-300MHz :500— {000 MHz
Level (509 load) | -20+3dBm | -20x3dBm
Brequency 100kHz | 200 kHz
Freguency
Accuracy at 23°C | 3 ppm 3 ppm

1. After 40 minute warm-up,
Temperature: 23°Cx3°C,

External Test Signal:

Frequency : 1MHz to 1000MHz

Input Level :0dBm typ., -3 to +3dBm.
{Test level: -17 to -23dBm at 500
load)

Sweep Characteristics:

Sweep mode

Auto: Single sweep from programmed start
to stop frequency {or in reverse
direction). Sweep pause at desired
frequency step is feasible.
Bidirectional step shift (up-down)
of frequency between start and
stop freguencies.

Manual:

Maximum 1MHz to 1000MHz,
selectabie in F00kHz minimum fre-
quency step intervals.

Sweep span:

Frequency step:
Linear sweep: Selectable in 100kHz minimum
step  frequency  intervais (to
9599 MHz).

Logarithmic sweep: A total of 50 step frequen-
cies (51 spot frequencies) automati-
cally selected at logarithmically
regular intervals, minimum 100kHz
(rounds off fractional frequency to
100kHz).

Manual! sweep by 10 times pro-
grammed step frequency intervals in
linear sweep mode, or by 1/5 of
frequency points in logarithmic
sweep mode.

Fast sweep:

Measurement Accuracy and Resolution:
Accuracies apply under the following measurement
operating conditions:

1) Specifies reflection coefficient accuracy (|- 8
and ['x - 'y measurement accuracies). Accuracies
for other parameter measurements are given as
typical values in Supplemental Performance
Characteristics.

1]
'

Warm-up time: at least 40 minutes.

3) Auto-calibration property completed using stand-
ard reference terminations.

4) Measurement frequency identical to auto-calibra-
tion frequency points (51 spots).

5) Environmental temperature:
23°C £5°C (alows temperature variation).
0°C ~55°C (at the constant temperature at which
auto-calibration is completed).

6) Measurement taken at UNKNOWN connector
{without using test port extension).
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Table 1-1. Specifications (Sheet 2 of b).

Table 1-1
i 00 : T
>
S oo -
o
o
2 ACCURACY : 0. 007+0, B00005F
 ooinok .\».—\
&
= .
G.O0IDF - : ‘.\_ s et
TYPICAL ACCURACY
pooat, 19 100 Tonn
TEST FREQUENCY FiMHz)
1.0000 e — ¥
R, = \ 55
F -
o lonok e _‘_
m —*—*‘—’_—/ °
% Aczuasey = 0 ; = E
Foowob—r b Ny 3
ol | 2
\ T
‘ ‘* o
DOBIDE, . | L S T T T e e T S L L Loz S ——————-
| 2
: ‘ 2
0.000t i A
I 10 100 1600
TEST FREQUENCY {MHz)

Measurement Range:

[T|, Tx, 'y : 0.0001 to 1.0000
8 : 0.00 to +180.00°
(0 to £7 radian)

Display: 4-1/2 digit maximum, simultaneous display

of two parameter values, maximum display 19999,
{Number of display digits changes depending on
measurement frequency and range).

Digit Shift: Number of desired display digits (less

than the maximum display digits) is selectable by
conirol key.

Range Modes: Auto and Hold.

Measurement Terminal: Single test port, APC-7 con-

nector terminal.

Deviation Measurement: A measurement display

value or a desired value entered by DATA input
keys can be stored as a reference value. Next,
pressing A or A% button enables the difference
between the referenced value and subsequent re-
sult to be displayed. (Deviation spread in counts
is -19999 to 19999 or from -19999% to
1999.95%).

Electrical Length Correction: The effects in phase of

the reflection coefficient particular to the test
fixture used can be automatically corrected by
entering electrical length number of the test fix-
ture with DATA input keys,

Input data range: O to 99.99cm

Automatic Calibration: Memorizes measurement re-

sults of reference termination impedances and
automatically performs corrections to optimize
measurement accuracy in subsequent measure-
ments.

Reference termination impedances: 0, 500
and 0S.

Calibration frequency: 51 spot frequencies auto-
matically selected from within the frequency
range of 1MHz to 1000MHz or of programmed
start to stop frequencies.

Calibration data at frequencies other than the
selected calibration frequency points are ob-
tained by using cubic interpolation approxi-
mations.

Self Test: Performs cyclic operation of internal func-

tion tests and displays diagnostic code sets (when
any abnormality is detected).

Internal Bias: Internal dc bias source manually or

remotely controflable from OV to + 40V in 10mV
{(minimum) steps.

Bias control range and accuracy (23°C £ 5°C):

Accuracy

+(0.1% of set-
ting ¥10mV)*®

Bias Voltage Control Range

-40.00V —— 40.00V

* 2 {0.4% + 20mV) at 0°C to 55°C

Bias output characteristics:
139082 £ 10%, 7.2 mA max. (£10%).

1-6
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Section 1
Table 1-1

Specifications {Sheet 3 of b).

Control: Manual control by front panel keys or
remote control by HP-IB controller. Bias volt-
age sweep is also feasible.

Sweep characteristics:
Sweep Mode:
Auto: Single sweep from programed start to
stop voltages or in reverse direction.
Sweep pause at desired voltage step is
feasible.

Manual: Bidirectional step shift (up-down)
of bias voltage between start and stop
bias voltages.

Sweep span: Maxium -40 to +40V (linear
sweep). Maximum +0.01 to +40V (logarith-
mic sweep). Selectable in 0.01V minimum
voltage step intervals.

Voltage step:
Linear sweep: Selectable in 0.01V {minimum)
step voltage intervals (to + 40V).

Logarithmic sweep: A total of 50 step volt-
ages (51 spot voltages) automatically
selected at logarithmically regular inter-
vals, minimum 0.01V (rounds off frac-
tional voltage to 0.01V).

Fast sweep: Manual sweep at 10 times pro-
grammed step voltage intervals in lingar sweep
mode, or by 1/3 of voltage points in logarith-
mic sweep mode.

DC bias monitor: Bias voltage monitor output
(common to external dc bias input), BNC
connector, output impedance 1k§ + 10%.

Save Function: Continuous memorization of one or
two desired control settings states powered by
stand-by battery. Memorized setting data is pre-
served in event that instrument loses operating
power and can be restored as actual control
setting anytime by pressing control keys. Memo-
rizes the following data and control settings:

1) Front panel pushbutton control settings {except
SELF TEST function).

2) Automatic calibration data (restored just after the
instrument is turned on).

3) Reference values in deviation measurement.

External DC Bias: External DC bias input connector
on rear panel (common to internal dc bias voltage
monitor connector), maximum + 40V.

Bias input characteristics: 390 +10%, 100mA
max,

Trigger: Internal, external and manual,

HP-IB Compatibility: HP-IB interface capability (data
output and remote control per [EEE-STD-488-
1973 and ASCI-MC 1.1).

Remotely controllable functions:

1) DISPLAY A functions (/Z], |Y|, [Tl, R, G, I'x,
L and Q).

2} DISPLAY B functions (4, X, B, 'y, R, G, D and
Q).

3) Test signal frequency (SPOT).

4) Frequency sweep functions (START, STOP and
STEP frequencies, LOG SWEEP, MANUAL STEP,
AUTO START, PAUSE and SWEEP ABORT).

5) Deviation functions (A, A%, REF A, REF B, and
STORE DSPL A/B).

6) High speed.

7) Range hotd.

8) Digit shift (DSPL A and DSPL B).
9) Electrical length.

10) Open capacitance.

) Automatic calibration.

12) Save functions (SAVE 1, SAVE 2, RCL 1 and
RCL 2).

13) Self test.
14) Trigger.
15) DC bias voltage (SPOT).

16) Bias voltage sweep functions (START, STOP and
STEP voltages, LOG SWEEP, MANUAL STEP,
AUTO START, PAUSE and SWEEP ABORT).

17y X-Y recorder control functions (LL, UR and
INTRPL) {(option 004 only).
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Specifications (Sheet 4 of 5).

Data output:

1y {Z|, [Y| or |T'| with 8; R with X; G with B; I'x
with I'y; L or C with R, G, D or Q.

2) Test frequency in swept frequency measurement.

3) Frequency in automatic calibration.

4) Bias voltage in swept bias voltage measurement.

Internal function allowable subsets:
SH1, AH1, T5, L4, SR1, RL1, DC1 and DT1.

Data output format: Either of two formats may be
selected (switchable on rear panel).

Format A.
1. Stationary (fixed) frequency/bias measurement:
LXK ENNN L NNE £NN XX £NHN "JNE+NN”
1250 o 2787

[

. Swept frequency/bias measurement or auto-cali-

bration:
(o CENNN, AN, JOUCENN RE SN NNESNN (CRYL P
14 1"

13 S E

KXXENNN
Tay

]
i

Format B.
1. Stationary (fixed) frequency/bias measurement:

XA ENNI. BNE £ @M@

X>_<X+NNN N’\E+NN @(Q

2. Swept frequency/bias measurement or auto-cali-
bration:
o NN, N (ER)

[
KA wNEmN”

Ziu

EXXENNH. NMEH\NC@L@

an

(1} Space.
(2) Data status of DISPLAY A.
{3) Function of DISPLAY A or calibration condition.
(4) Deviation measurement mode of DISPLAY A.
(5) Value of DISPLAY A (decimal point position is
coincident with display).
(6) Comma (data delimiter).
(7) Data status of DISPLAY B.
(8) Function of DISPLAY B or calibration condition.
(9) Deviation measurement mode of DISPLAY B.
(10) Value of DISPLAY B (decimal point position is
coincident with display).
(11) Data terminator.
(12} Sweep parameter.
(13) Measurement frequency or bias voltage (decimal
point position is coincident with display).

GENERAL

Operating Temperature and Humidity:
0°C to 55°C at 95% RH (ta 40°C).

Power Requirements: 100/120/220V $£10%, 240V

~5% +10%, 48-66Hz.
Power Consumption: 150VA max with any option,

Dimensions:
425.5 (W) x 230 (H) x 574 (D) mm
(16-3/4" x 9-1/16" x 22-5/8")

Weight: Approximately 24 kg (Std).

1-8
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Table

Specifications {Sheet 5 of 5).

1-1

OPTIONS

Option 002: Provides test signal frequencies select-
able at 100 Hz resolution to 500MHz and at
200Hz resolution to 1000MHz.

Option 004: Analog voltage outputs for graphically
recording sweep measurement data on an X-Y re-
corder. Three channel BNC output connectors on
rear panel.

DISPLAY A connector: Outputs voltage propor-
tional to three lesser significant digit numbers
of DISPLAY A display outputs (1 mV/count).

DISPLAY B connector: Outputs voltage propor-
tional to DISPLAY B display outputs in the
same manner as that for DISPLAY A con-
nector outputs,

FREQ/BIAS connector: Qutputs voltage propot-
tional to test frequency or bias voltage as:
Start frequency/voltage : 0V
Stop frequency/voltage ;. 1V

Reference recorder voltages:
Lower Left (LL) : 0, 0, 0 V
Upper Right (UR) : +1, +1, +1V

Voltage accuracy: * (0.5% +2mV)at 23°C+5°C
(1% + 5mV)at 0°C to 55°C

Interpolation function: Smoothing of recorder
outputs by arithmetic interpolation of measure-
ment data, selectable by control key.

Option 907: Front handle kit, for front handle in-
stallation

Option 908: Rack flange kit, for mounting in 1EC
standard rack.

Option 909: Rack flange & handle kit, for rack
mounting and handle installation.

Option 910: Extra operating manual.

Option 918: Extra service manual.

ACCESSORIES

Accessories Supplied:
Reference terminations for calibrating the 4191A.
Three kinds of terminations are included:

0 © reference termination (short),
(HP P/N 04191-85300).
508 reference termination,
(HP P/N 04191-85301).
0S reference termination {open),
(HP P/N 04191-85302).

Additionally, accessory box (HP P/N 0419]-
60200) which accommodates these terminations
and all the available test fixtures is furnished.

Operating booklet (HP P/N 04191-90100).
Power Cord (HP P/N 8120-1378).

Accessories Available:
Accessories, other than primary accessories, are]
outlined in Table 1-2.

16091 A: Coaxial Fixture set, direct coupled, two
types of sample holders, coaxial termination struc-
ture, with APC-7 connectors. For mounting
cylindrical sample piece in inner cavity chamber,
Usable on all 4191A ranges to 1000 MHz.

16092A: Spring Clip Fixture, direct coupled, for
holding axial or radial lead components or lead-
less chip elements. Either slide clip contact or
twin clip contacts can be attached on the terminal
deck with APC-7 connector. Usable on all ranges
at frequencies below 500 MHz.

16093A: Binding Post Fixture, direct coupled, two
binding posts on terminal deck with APC-7 con-
nector, for holding axial or radial lead compo-
nents, 7mm terminal post interval. Usable on all
ranges at frequencies below 250 MHz.

16093B: Binding Post Fixture, direct coupled, three
binding posts (including a guard terminal) on
terminal deck with APC-7 connector, 18mm
terminal post interval (15 mm to guard). Usable
on all ranges at frequencies below 125 MHz.

16094 A: Probe fixture, two-needle probe adapter,
compatible with APC-7 connector test cable, for
in-circuit testing of components, variable needle
span (15mm max.). Useable on all ranges at fre-
quencies below 125MHz.

1-9
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Table 1-2. Supplemental Performance Characteristics (Sheet 1 of 3).

SUPPLEMENTAL PERFORMANCE
CHARACTERISTICS
R-X, G-B measurement
Measurement accuracy: © R-X accuracy at D= 1:
|Z|-8, |Y|- 0 measurement
o |Z| accuracy at 8 = 45°:
zim
g
g
=
=
—_ 2
& #
: 5 100 z

Wy 100 1% tom & m 100 &

R 5 6 = 10 SU0% (g o6 reading )

= 1% SR S % of reading

= N wl
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= TEST FREQUENCY (MHz)
1 00m 0024
1om 1 00% { 3 of reading }
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is)
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n " . o P . ! 1 -
n ti 00 1020 P T ita Hho
TEST FREQUENCY (MHz) TEST FREQUENCY (MHz)

1-10


https://www.manualsplus.com/

Model 4191A Section I
Table 1-2

Table 1-2. Supplemental Performance Characteristics (Sheet 2 of 3).

© C accuracy at D< 0.01: © (C-)R, (L-)G accuracies at D < 0.0%:

CiF)

C RESOLUTION {F)
C.L VALUE

10 1 100m10m R RESOLUTION {r)
10m Tm 100 10 G RESOLUTION (S)

i
Lof ! ' s
S WA ( % of readmg )1_‘_‘—-

1 i i , . -

| 10 100 1000 1ot o
- 1pl kil 130 14
TEST FREQUENCY (MHz) TEST FREQUENGY (MHz}

=1
=

II'[- 6 and I'x-T'y accuracy temperature coefficient:
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TEST FREQUENCY thriz 58 seconds for 50 steps (typical).



https://www.manualsplus.com/

Section |
Table 1-2

Table 1-2.

Model 4191A

Supplemental Performance Characteristics {Sheet 3 of 3).

Bias voltage sweep:
Linear sweep:
Number of sweep steps x 0.84 seconds (typical).
Logarithmic sweep:
44 seconds for 50 steps (typical).

Measurement time
Normal mode: Less than 800 ms
(Displays arithmetic running average of five pre—)
ceding measurement values.

High speed mode: Less than 250ms
(Displays measured values for each trigger.)

Auto-calibration time
Approximately 48 seconds for each reference termi-
nation impedance.

Bias voltage settling time
Internal bias: Less than 100ms
External bias: ILess than 10ms

Open capacitance compensation
Typical open stray capacitance (0.082 pF) of *UN-
KNOWN connector is continuously memorized for
subtracting from measured values. The memorized
capacitance value can be temporarily changed by
concealed controls.
Input capacitance value range: O to 1.000 pF

* APC-7 connector

AVAILABLE ACCESSORIES

Accessories and parts associated with options or
which are usable for special applications or as
spares. For primary accessories, refer to Table 1-1
Specifications.

RF connector for external signal source:
HP Part Number 04191-65001

HP-IB Interface Cable: HP I0631A ( Im)
HP 10631B ( 2m)
HP 10631C ( 4m)

HP 10631D (0.5m)

Front Handle Kit:
Kit Part Number 5061-0091

Rack Flange Kit:
Kit Part Number 5061-0079

Rack Flange Handle Kit:
Kit Part Number 5061-0085

Line Fuse:
HP Part Number 2110-0304 (100/120V)
HP Part Number 2110-0360 (220/240V)

Internal power supply fuses:

HP Part Number Rating Use
2110-0003 3A + 5V
2110-0055 4A + 5V
2110-0094 1.25A +12V
2110-00%4 1.25A -12v
2110-0004 0.25A +46V
2110-0004 0.25A -46V
2110-0513 0.125A +36V
2110-0513 0.125A -36V

Protective fuse (for dc bias):
HP Part Number 2110-0011 (0.062A)

Service Parts
APC-7 connector center spring contact:
HP Part Number 1250-0907

Exchange tool : HP Part Number : 8710-0932

1-12
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1-15. OPTIONS.

1-16. Options are standard modifications to instrument
that implement user’s special requirements for minor
functional changes. A total of seven options for the
Model 4191A are available for adding the following
capabilities:

Option 002: High Resolution Test Frequency. Test fre-
quency selectable at 100Hz resclution to SQ00MHz
and at 200Hz resolution to 1000 MHz.

Option 004: X-Y Recorder Qutput: Analog output for
graphic recording of measurement data (with an X-Y
recorder).

Options 907, 908 and 909 are handle or rack mount kits.
See paragraph 1-22 for details,

Options 910 and 918 add the following to provide an
extra manual or additional information on the 4191 A

Option 910: Extra Operating Manual
Option 918: Extra Service Manual

Note: Options 002 and 004 can be simultaneously instal-
led in a 41914 unit.

A brief description for each option is given in the para-
graphs below,

1-17. OPTION 002,

1-18, The 4191A Option 002 provides test frequency
selection capability at the high resolution of 100Hz in
frequency range of 1 MHz to 500MHz and at 200Hz re-
solution to 1000MHz frequency instead of standard fre-
quency resolution.

1-19. OPTION 004,

120, The 4191 A Option 004 provides analog recorder
outputs for graphically recording measurement data in
swept frequency (or bias voltage) measurements. Two,
from among the three output connectors, provide volt-
ages directly proportional to the three lesser significant
digit numbers of the respective measurement display out-
puts (DISPLAY A and DISPLAY B) in the ratio of ImV
to one count. The other output connector affords a
voltage of O to [ volt in proportion to the swept frequen-
cy (bias voltage) from start to stop frequency (voltage).

Section 1
Paragraphs 1-15 10 1-27

1-21. OTHER OPTIONS.

1-22. The following options provide the mechanical
parts necessary for rack mounting and hand carrying:

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

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

Option 909: Rack Flange and Front Handle Kit. Fur-
nishes both front handles and rack flanges for instru-
ment.

Installation procedures for these options are detailed in

Section I.

1-23. The 4191 A Option 210 adds an extra copy of the
operating manual and Option 913 provides a service
manual.

1-24. ACCESSORIES SUPPLIED.

1-25. Figure 1-1 shows the HP Model 4191 A Impedance
Analyzer, three reference terminations (HP Part Numbers
04191-85300, -85301 and -85302) with accessory box
(HP Part Number 04191-60200), and power cord (HP
Part Number 8120-1378). The reference terminations,
accessory box and power cord are furnished accessories.
Additionally, a fuse (HP Part Number 2110-0304 or
2110-03006) is supplied as a service part.

1-26. ACCESSORIES AVAILABLE.

1-27. For certain measurements and for convenience in
connecting sample, four styles of test fixtures are avail-
able. Each accessory is designed to meet the various
measurement requirements and types of DUT.

All accessories were developed with careful consideration
to accuracy, reliability and case of measurement. Primary
accessory model numbers and names are listed in Table
1-1 (other associated accessories are listed in Table 1-2).
A brief description for each of these test fixtures is given
in Table 1-3.
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Table 1-3 Accessories Available (sheet 1 of 3).

Model Description

HP16091A Coaxial Fixtures. Test Fixtures (coaxial termination type) for
holding a piece of sample material or a small
component. Screw-mount sample holders accom-
modate a cylindrical sample in their respective
inner chambers. Two kinds of fixtures fit samples
dimensions given below:

Sample Fixture Max. dimensions
rd" d 7 mm
04191-85302 _
N e 20 mm
L d 10 mm
_t | 16091-60012
¢ 20 mm

Usable frequency range: DC to 1000MHz.
Electrical length: 1.87 cm (typ.).
Maximum applied dc bias voltage: + 40V.

Note: The 16091 A fixture of 7mm inner digmeter
(PIN 04191-85302) is actually the same as
the 08 standard termination. Thus, this
fixture is not supplied with the 160914
fixture set since the furnished 08 termina-
tion can be used.

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

T %‘-ﬂmm

A combined slide gauge provides direct readouts
of the physical length of the sample tested.
Usable frequency range: DC to SOOMHz.
Electrical length : 0.3dem {typ.).
Maximum applied dc bias voltage: + 40V,
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Section [
Table 1-3

Tahle 1-3 Accessories Available {sheet 2 of 3).

Model

Description

HP16093A Binding Post Fixture

Test Fixtures (direct attachment type) for meas-
urement of beth 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.

Usable frequency range: DC to 250MHz.
Electrical length : 0.34cm (typ.).
Maximum applied d¢ bias voltage: + 40V.

HP16093B Binding Post Fixture

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

[8(mm)

TUsable frequency range: DC to 125MHz.
Electrical length : 0.34cm (typ.).
Maximum applied dc bias voltage: + 40V.
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Table 1-3

Accessories Available (sheet 3 of 3).

Model

BPrescription

HP16094A Probe Fixture

Test Fixture for measurement of circuit imped-
ances and components mounted on circuit
assemblies. The probe adapter unit can be at-
tached at the tip of an extension line connected
to the test port. The probe connector fits APC-7
connector of a coaxial test cable or a flexible air
line. Probe needle interval is variable from 1mm
to 15mm. Electrical length compensation in the
instrument must be adjusted for probe cable
length {refer to paragraph 3-44).

Useable frequency range: DC to 125MHz.
Electrical length 0 2.32cm (typ.).
Maximum applied dc bias voltage: +40V.

1-16
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Section II
Paragraphs 2-1 to 2-8

SECTION 11
INSTALLATION

2-1. INTRODUCTION.

2-2. This section provides installation instructions for
the Model 4191 A Impedance Analyzer. The section also
includes information on initial inspection and damage
claims, preparation for using the 4191A, packaging,
storage, and shipment.

2-3. INITIAL INSPECTION.

24. The 4191A Impedance Analyzer, as shipped from
the factory, meets all the specifications listed in Table
1-1. On receipt, inspect the shipping container for
damage. If the shipping container or cushioning material
is damaged, notify the carrier as well as the 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 con-
tents of the shipment should be as shown in Figure 1-1.
The procedures for checking the general electrical opera-
tion are given in Section I§ (Paragraph 3-5 Seli Test) and
the procedures for checking the 4191 A Impedance Ana-
lyzer apainst its specifications are given in Section IV.
Firstly, do the self test. If the 4191A Impedance Ana-
lyzer is electrically questionable, then do the Performance
Tests to determine whether the 4191 A has failed or not.

H contents are incomplete, if there is mechanical damage
or defects (scratches, dents, broken switches, etc.) or if
the performance does not meet the self test or perform-
ance 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
settlernent.

25. PREPARATION FOR USE.
2-6. POWER REQUIREMENTS.

2-7. The 4191A requires a power source of 100, 120,
220 Volts ac +10%, or 240 Volts ac +5%-10%, 48 to
66Hz single phase; power consumption is 150VA
maximum.

WARNING:

If this instrument is to be energized via an external auto-
transformer for voltage reduction, be sure that the
common terminal of the instrument is connected to the
earth pole of the power source,

2-8. LINE VOLTAGE AND FUSE SELECTION.

Caution: Before turning the 4191A line switch to on,
verify that the instrument is set to the voltage
of the power supplied.

100V OPERATION 220V OPERATION

120V OPERATION 240V OPERATION

100Vu=—_ 100¥

1204 —| =3 X'_ — 120y — =~
220¥u 280 Yr—— :><
240\4’“;; ZQUV%—J— =

100v = 100V =

120y —— | =2 X‘“’""‘ 120y —— X
220V, — = 220V e = =
240y 240y =2 =

FUSE SELECTION

Operating Fuse Fuse
voltage ratings Part No.
1oV L5 A 2110-0304
120V Slow Blow )
220V 0.75A
240V Slow Blow | 2110-0360

Figure 2-1. Line Volitage and Fuse Selection,
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N WHITE

m——
L i
‘-IEI | N E GREEN/YE LLOW
- — L BLAGK
— £k
=
-IEI - E GREEN/YELLOW
L] P WHITE

HP Part No. 8120-1378
NEMA 5-15P
Color: JADE GRAY

Furnished for countries
other than listed below.

E GREEN

- L RED
=
N BLACK
=[N &

HP Part No, 8120-1369
AS-C112, N,Z.8.5, 198
Color: GRAY
250V, 6A

for Australia, New Zealand, etc.

LIGHT BLUE -

E GREEN'
YELLOW i

I
. BROWN

L BROWN
E GREEN/YELLOW
v—— N LIGHT BLUE

|
|

]

HP Part No. 8120-1351
BS 1363A
Color: MINT GRAY
250V, 5A

for Great Britain, South Africa,
India, Rhodesia, Singapore, etc.

M LIGHT BLUE

£ GREEN/YELLOW

L BROWN

N LIGHT BLUE

s &

L BROWN

E GREEMN/
YWELLOW

HP Part No. 8120-1689
CEET-VII
Color: MINT GRAY
250V, 6A

for East/West Europe,
Iran, etc.

Note E: Earth or safety ground.
L: Line of active conductor.
N: Neutral or identified conductor,

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

Caution:

1. Use proper fuse for line voltage selected.

2. Make sure that only fuses for the required rated cur-
rent and of the specified type are used for replace-
ment, The use of mended fuses and the short-circuit-
ing of fuse-holders must be avoided.

2.10. POWER CABLE.

2-11. To protect operating personnel, the National
Electrical Manufacturer’s Association (NEMA) recom-
mends that the instrument panel and cabinet be grounded.
The Model 4191A is equipped with a three-conductor
power cable which, when plugged into an appropriate re-
ceptacle, grounds the instrument. The offset pin on the
power cable is the ground wire.

2-12. To preserve the protection feature when operating
the instrument from a two contact cutlet, 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 profective 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 nearest
Hewlett-Packard office.

2-14, INTERCONNECTIONS.

2-15. When external bias is to be used, set rear panel DC
BIAS INT EXT switch to EXT position. The output of
the external dc bias source should be connected to EXT
INPUT/INT MONITOR connector. For coupling the
4191A with an external controller and/or output device
using HP-IB interface capability (IEEE-488-1975), con-
nect HP-IB interface cable between rear panel HP-IB
connectors of the instruments.

Section II
Paragraphs 2-9 to 2-27

2-16. OPERATING ENVIRONMENT.

2-17. Temperature. The instrument may be operated in
temperatures from 0°C to +55°C.

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

2-19. INSTALLATION INSTRUCTIONS.

2-20, The HP Model 4191A can be operated on the
bench or in a rack mount. The 4191 A is ready for bench
operation as shipped from the factory. For bench opera-
tion, a two-leg instrument stand is used. For use, the in-
strument stands are designed to be pulled towards the
front of instrument.

2-21. INSTALLATION OF OPTIONS 907, 208 and
909.

2-22. The 4191A can be installed in a rack and be
operated as a component of a measurement system. Rack
mounting information for the 4191A is presented in
Figure 2-3.

2-23. STORAGE AND SHIPMENT.

2-24, ENVIRONMENT.

2-25. The instrument may be stored or shipped in en-
vironments within the following limits:

Temperature ......... -55°C to +65°C
Humidity ................... to 95%
Altitude ... ... ... L 50,000 1t

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

2-26. PACKAGING.

2-27. Original Packaging, Containers and materials
identical to those used in factory packaging are available
through Hewlett-Packard offices. 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.

2-3
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Paragraph 2-28 and Figure 2-3

2-28. Other Packaging. The following general instruc- d.
tions should be used for re-packing with commercially
available materials:

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

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

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

Model 4191A

Seal shipping container securely,
. Mark shipping container FRAGILE to ensure careful
handling.

. In any correspondence, refer to instrument by model

number and full serial number,

Option Part gli.fmber Parts Included Part Number | Q’ty Remarks
907 | Handle Kit Front Handle (3) 5060-9901 | 2
5061-0091 Trim Strip (1) 5060-8898 | 2
#8-32 x 3/8 Screw 2510-0195 | 8 9.525mm
908 | Rack Flange Kit | Rack Mount Flange | (2) 5020-8864 | 2
5061-0079 #8-32 x 3/8 Screw 2510-0193 | 8 9.525mm
909 | Rack Flange & | Front Handle (3) 5060-9901 | 2
Handle Kit Rack Mount Flange @ 5020-8876 1 2
5061-0085 #8-32 x 5/8 Screw 2510-0194 | 8 15.875mm

RV

M N

A=

. Remove adhesive-backed trim strip@from sides

. When rack mounting (3 and 4 above), remove all

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
@to sides at right and left front of instrument
with screws provided.

HANDLE AND RACK MOUNTING: Attach
front handle@ and rack mount ﬂanga@together
to sides at right and left front of instrument with
screws provided.

four feet (lift bar at inner side of foot, and slide
foot towards the bar).

Figure 2-3. Rack Mount Kits.

2-4
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Section I
Paragraph 3-1 to 3-6

SECTION 111
OPERATION

3-1. INTRODUCTION.

3-2. This manual section provides the operating instruc-
tions for acquainting the user with the Model 4191A RF
Impedance Analyzer. Instructions for panel controls,
functions, operating procedures, basic measuring tech-
niques for the various applications, operational check of
the fundamental electrical functions and option informa-
tion are included in this section. Operating precautions
given throughout the text should be carefully observed.

3-3. PANEL FEATURES.

3-4, Front and rear panel features for the 4191A are
described in Figures 3-1 and 3-2. Reference numbers in
the photos are keyed to the associated descriptions.
Other detailed information for panel displays and con-
trols is covered in paragraphs 3-5 and those which follow.

3-5. SELF TEST

3-6. The 4191A has self-diagnostic functions which are
automatically performed or can be done any time desired
to confirm the normal operation of the instrument.
During the diagnostic test, the instrument is checked for
normal operation of the memorized measurement se-

quences stored in the internal program memory. This
automatic test is initially performed each time the LINE
button is pushed to turn instrument on. If any abnormal-
ity is detected, one of the sixteen error message codes
among E-20 through 23, E-30 through 40 or E-50 is dis-
played in DISPLAY B as illustrated below:

When no abnormality is detected during the diagnostic
test routine, the DISPLAY B is normally blank. SELF
TEST function key on the front panel allows the diagnos-
tic test to be done at any desired time. Pressing blue key
and the SELF TEST key activates the self diagnostic
function (same as the initial automatic test). If a failure
is not detected, the alphabetic anmunciation figure
“PASS” is displayed in DISPLAY B. This test is repeated
until these keys are again pushed to release the SELF
TEST.

Note: Display outputs other than those given in DIS-

PLAY B section have no meaning in diagnostic
test results.

3-1
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Figure 3-1

DISPLAYS

Model 4191A

Trigger Lamp: Turns on during sample
measuring period. Turns off during period
when instrument is not taking measure-
ment. There is thus one lamp turn-on-and-
off cycle per measurement. When TRIG-
GER is set to INT {pushbutton lamp
lights), the trigger lamp flashes repeatedly
at internal measuring rate.

DISPLAY A: Displays absolute values of
vector impedance, admittance, or reflection
coefficient or, alternately, resistance, con-
ductance, real part of reflection coefficient,
inductance, or capacitance values (|Z|, 1Y/,

I'l, R, G, I'x, L or C) in a maximum 4-1/2 @

digit decimal aumber from 0000 to 19999
{the number of digits change depending on
instrument control settings). Simultaneous-
ly, decimal point and appropriate unit are
displayed to indicate the multiple and the
base parameter quantity of the measured
sample value.

If measurement is not achieved because of
incorrect panel control settings or because
of an inappropriate sample value, an alpha-
betic annunciation figure (either -OF- or
E-06)appears. Otherwise, during the CAL-
IBRATION function, a “CAL” or
“Conn”, figure is presented in the display.

DISPEAY B: Displays phase angle, react-
ance, susceptance, imaginary part of vector
reflection coefficient, resistance, conduct-
ance, dissipation factor or quality factor
value (8, X, B, I'y, R, G, D or Q) in a maxi-
mum 4-1/2 digit decimal number from

——

0000 to 19999 (the number of digits
change depending on instrument control
settings) along with decimal point and ap-
propriate unit.

If measurement is not achieved, an error
annunciation figure (either -OF- or E-06)
appears similar to that given in DISPLAY
A. During the calibration function, either
“0a7, 087, 502" or “END™ annuncia-
tion display is provided in conjunction with
the indications in DISPLAY A@‘ Test
results for diagnostic SELF TEST @ are
also displayed.

Test Parameter Data Display: Displays
spot test frequency, swept frequency mea-
surement parameters (start, stop and step
frequencies), test fixture electrical length
or reference value (for deviation measure-
ment) to be employed in the measurement
in maximum 5 digit decimal number includ-
ing decimal point. Spot bias voltage and
swept voltage bias parameter data (start,
stop and step voltage setting data) are also
contained in the selectable parameter data
displays. The appropriate unit (MHz, cm or
V) is indicated by unit lamp indicator ad-
jacent to the numeric display.

If option 002 is installed, the test frequen-
cy display expands to & maximum of 7
digits. If an inappropriate test parameter
input operation is made, - OF- or one of
eleven error annunciation displays (E-01 to
E-12 except E-10) provides specific in-
formation about the nature of the operating
error.

3-2

Figure 3-1. Front Panel Features (Sheet 1 of 9).



https://www.manualsplus.com/

Model 4191A

BASIC CONTROLS

Section I
Figure 3-1

LINE ON/OFF: Turns instrument on and
readies instrument for measurement.

HP-IB Status Indicators and LOCAL key:
Four LED lamps for SRQ, LISTEN, TALK
and REMOTE indicate the status of inter-
face between the 4191A and HP-IB con-
trolter. LOCAL key enables front panel
controel instead of remote control from HP-
IB iine (when controller does not set the
instrument to local lockout status).

DISPLAY A function selector and indi-
cators: Two pushbutton keys select the
primary measurement parameter to be mea-
sured from among a total of eight para-
meters shown in the indicator above the
selector keys.

[__Q__] (down) key selects the parameter
positioned next lower in the stack (than
the indicated parameter) to be selected
gach time the key is pushed. @ (up)
key selects the next upper stack parameter
in like manner,

An appropriate indicator lamp lights to in-
dicate the selected parameter,

Parameters measured:

|z

I

Absolute value of vector impedance
(1Z!) together with phase angle (8)
in degrees or radians. The combi-
nation of these two parameter
values is the vector impedance ex-
pression (1Z! £8) of the sample.

Absolute value of vector adinittance
{|Y|) together with phase angle {(#)
in degrees or radians as the vector
admittance expression ([Y| £0) of
the sample.

Absolute value of vector reflection
coefficient of the sample which is
terminated in 5082 UNKNOWN
test port @ . Phase angle (0} is
simultaneously selectable in degrees
or radians as representation of the
vector reflection coefficient ([T

L8).

Resistance (R} together with react-
ance (X). These two parameter
values represent the real and imagi-
nary components, respectively, of
the vector impedance (Z = R +jX)
of the sample.

Figure 3-1. Front Panel Features (Sheet 2 of 9).

3-3
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F'x;

L:

Note:

Model 4191A

BASIC CONTROLS

Conductance () together with
susceptance (B). These two para-
meter values represent the real and
imaginary compoenents, respect-
ively, of the vector admittance
(Y = G + jB) of the sample.

Real part (I'x) of vector reflection
coefficient together with imaginary
part (I'y). These fwo parameter
values are a complex number ex-
pression of the vector reflection
coefficient (T" = I'x + jI'y) of the
sample.

Inductance together with subordi-
nate parameter — equivalent series
resistance (R), parallel conductance
(G3), dissipation factor (D) or quality
factor (Q).

Capacitance together with one of
the subordinate measurement para-
meters {same as those available for
inductance measurement).

Parameter selection circles  from
hottom to top (or top to bottom) as
long as the same directional {
or @ ) key is pressed (that is, it
maves in the same direction).

DISPLAY B function selector and indica-
tor: (down) key selects the sub-
ordinate measurement parameter to be
simuitaneously combined with the primary
parameter (set by the DISPLAY A function
selector @ ). The parameter positioned
next lower than the indicated parameter in
the stack is selected each time the key is
pushed, Parameter choice circles from top
to bottom and back to top. The indicator
lamp lit identifies the selected parameter.

# (deg): Phase angle (8) in degrees to-
gether with impedance ( |Z]), admit-
tance (Y1) or reflection coefficient
(|[y measurement.

A (rad); Phase angle (8} in radians in-
stead of degrees.

X: Reactance (X) together with resist-
ance (R) measurement.

B:  Susceptance (B) together with con-
ductance (G} measurement.

I'y: Tmaginary part {I"y) with real part
(I'x) of vector reflection coefticient
measurement.

34
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R: Resistance (R) together with in-
ductance (L) or capacitance (C)
measurement in a series equivalent
circuit representation of the sample.

G: Conductance (G) together with in-
ductance (L) or capacitance (C)
measurement in a parallel equivalent
circuit representation of the sample.

D: Dissipation factor (D) together
with inductance (L) or capacitance
(CY measurement.

Q:  Quality factor together with induct-
ance (L) or capacitance (C) mea-
surement.

A/A%: These keys enable taking deviation
measurements, respectively, for DISPLAY
A and DISPLAY B parameter values. Mea-
surement range is automatically fixed during
the period from initiation to the release of
deviation measurement.

A {(delta): Difference between the mea-
sured value of the sample under test
and previously stored reference
value is displayed by pressing this
key. The deviation calculation fol-
lows the formula:

A-B

Where, A is measured value of the
sample. B is reference value.

A% The difference in percent deviation
of a measured value from the refer-
ence value is displayed (this func-
tion is enabled by pressing
key prior to pressing this button).
The percent deviation calculation
follows the formula:

% x 100(%)

BASIC CONTROLS

Section NI
Figure 3-1

PARAMETER - SPOT, STEP, START,
STOP FREQ and REF A, REF B: These
keys assign the parameters for the test fre-
quency parameter data and reference values
which are input numerically by DATA
input keys @

SPOT: A spot frequency is entered by
successively setting a frequency
number with DATA keys.

STEP: A step interval frequency for a
swept frequency measurement is
entered by successively setting a
frequency number. This function
is automatically deactivated when
LOG SWEEP mode of func-
tion is set.

START: A frequency for sweep start
point in a swept frequency mea-
surement is entered by successively
setting a frequency number.

STOP: A frequency for sweep stop
point in a swept frequency mea-
surement is entered by successively
setting a frequency number.

REF A: A reference value for DISPLAY
A parameter in deviation measure-
ments is entered by successively
setting a reference number.

REF B: A reference value for DISPLAY
B parameter is entered similarly to
that for DISPLAY A parameter.

To change or to release the function, press
another PARAMETER key.

DATA input keys: These numeric keys set
the values of the test frequency (1.0 to
1000.0 MHz, or 1.0000 to 1000.0000 MHz
in an Option 002 unit), electrical length
(0.00 to 99.99cm) or reference (for de-
viation measurements) employed in the
measurement in conjunction with PARA-
METER key. The input data is dis-
played in Test Parameter Data Display @
These keys have other control functions
which are denoted by blue labels above
each individual key on the panel.

Figure 3-1.

Front Panel Features (Sheet 4 of 9},

3-5
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Figure 3-1

BASIC CONTROLS

Model 4191A

ENTER: This key actuates the instrument
to read test parameter data set by the
PARAMETER and DATA (i) input
keys. A test frequency, an electrical length
or dc bias voltage input data can be actuated
as an instrument control setting just after
this key is pushed.

SWEEP FREQ/BIAS (MANUAL): In 4
swept frequency measurement, the test fre-
quency shifts toa lower or higher frequency,
respectively, at the step frequency intervals
(previously programmed) each time the
STEP [E] or key is pushed. The
test frequency continues to shift digitally
as long as either of these keys is being de-
pressed and held. When the STEP key is
pressed simultaneously with FAST key, the
step frequency interval is expanded to ten
times the programmed value (in linear
sweep mode) or to one-fifth the frequency
points (in logarithmic sweep mode). Con-
sequently, the test frequency is swept in a
shorter time (at a sacrifice of frequency re-
solution in the measurement results). These
keys also function to provide similar controt
input demands for a swept voltage bias
measurement.

o6

TRIGGER: These keys select trigger mode
for triggering measurement (Internal, Fx-
ternal or Hold/Manual):

INT: Internal trigger signal enables in-
strument to make repeated auto-
matic measurements at a measuring
rate of approximately 800ms
(250 ms in high speed mode).

EXT: Measurement is triggered by ex-
ternai trigger signal through rear
panel EXT TRIGGER input con-
nector.

HOLD/MANUAL: Measurement is trig-
gered each time this key is pushed.
Measurement data is held until the
key is again pushed.

RANGE HOLD: This key fixes measure-
ment range (even if sample is changed).
Otherwise, the range is automatically fixed
when DIGIT SHIFT (1) key is pushed or
when a deviation or a swept frequency/bias
measurement is being taken.

3-6

Figure 3-1. Front Panei Features {Sheet 5 of 9).



https://www.manualsplus.com/

Model 4191A

DIGIT SHIFT DSPL A and DSPL B: Nu-
meric figures of the display output in DIS-
PLAY A (2) shifts in a left-to-right direc-
tion by one character each time DSPL A
key is pushed. Thus, display output is ex-
tinguished in this order beginning with the
least significant digit. DISPL B key actuates
the display output of DISPLAY B @ in
itke manner. Measurement range is concur-
rently held with the first stroke of the key.
Fractional parts below the least significant
digit (LSD) displayed are automatically
rounded to the LSD. When the instrument
is equipped with Opticn 004, this function
enables analog recorder output propor-
tionate to the appropriate three element
digit numbers of the display cutput. This
function is released by pressing RANGE
HOLD @ key.

Blue key: This key is pressed prior to
pressing a blue label function key to inter-
change a normal key function with 4 blue
label function.

CALIBRATION: This key performs auto-
matic calibration in accordance with the
self calibration program routine memorized
in the instrument. Calibration is done by

BASIC CONTROLS

Section H
Figure 3-1

taking measurements with three kinds of
standard terminations (02, 08 and 502,
which are supplied accessories) at a- total of
51 spot frequencies. During the calibration
mode of operation, indications for the
standard termination to be connected to
UNKNOWN (31) are timely given on dis-
plays. Concurrently, other functions, unnec-
essary for the calibration, are deactivated.
If calibration data is not being memorized,
the instrument must initially be calibrated
to optimize subsequent measurements after
the power I8 turned on. This function is
released by again pressing the key {(after
the calibration is completed).

START button - This pushbutton starts
calibration subroutine running when an
appropriate termination (0, 0S or 5082)
is connected.

DC BIAS switch: This switch is set to ON
to enable application of an internal or ex-
ternal dc bias voltage to the sample con-
nected at UNKNOWN @ , and is set to
OFF to disable bias application when dc
bias is not needed.

Figure 3-1.

Front Panel Features {Sheet 6 of 9).
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BLUE LABEL FUNCTIONS

Model 4191A

The blue label functions are secondary selectable modes of dual function keys and
require that the key be pressed beforehand to activate the desired mode.

PARAMETER — SPOT, STEP, START,
STOP BIAS: These keys assign the para-
meters of bias parameter data similar to the
functions for setting test frequency para-
meters {as described in item }. Spot
bias voltage or the voltage value for step in-
terval, start or stop points to be employed
for swept bias voltage measurement are
entered by successively setting the valtage
number through DATA input keys @ .
To release the function, press another
PARAMETER key.

SAVE 1 and SAVE 2: These keys con-
tinuously memorize the desired front panel
control settings including reference values
for deviation measurement and electrical
length input value. SAVE 1 and SAVE 2
keys are individually capable of memoriz-
ing different settings. Sweep mode (AUTO/
manual, linear/LOG SWEEP), self test and
analog recorder output function {(Option
004) settings can not be stored in the
memory.

@

D)

STORE DSPL A/B: Thiskey simultaneous-
ly memorizes both measured values of the
sample displayed in DISPLAY A@ and
DISPLAY B @ as reference values for a
deviation measurement.

RCL 1 and RCL 2: These keys recall the
panel contro] settings memorized by the
SAVE 1 or SAVE 2 function (21} .

SELF TEST: This key performs an auto-
matic check for diagnosing the functional
operation of the instrument. An indicator
lamp above the key lights during the test.
The diagnostic test repeats until this key
is again pushed to release the SELF TEST
(after pressing key). If the instru-
ment is faulty, an error message code
appears in DISPLAY B (3) to identify the
point where the abnormality is occurring.

X-Y RECORDER function: (Option 004
only). These keys provide for analog
recorder reference output voltages for X-Y

3-8
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recorder full scale and zero scale adjust-
ments, and additionally, the capability to
smooth recorder output in swept fre-
quency (or swept voltage bias) measure-
ment. An indicator lamp above cach indi-
viduat key lights to indicate that the func-
tion is set. These functions are released by
again pressing the key (after pressing
key):

INTRPL: Graphic recording or recorder
output is automatically smoothed
by arithmetic interpotations of the
measured values when this key is
pressed.

LL: Provides a reference voltage (0V)
for recorder zero scale adjustment
for each rear panel recorder output
(A, B and C). Positions recorder
pen at lower ieft corner of the
scale area.

UR: Provides a reference voltage (1V)
for recorder full scale adjustment.
Positions recorder pen at upper

right corner of the scale area.

SWEEP FREQ/BIAS (AUTQ): These keys
control implementation of an auto sweep
mode of operation. START key
starts a single swept frequency meuasure-
ment from a lower frequency towards
upper frequency in the previously pro-
grammed sweep range (Start and Stop
frequencies). key moves the fre-
quency sweep in a lower direction (from a
higher frequency towards a lower frequen-
cy). When either of these keys is pushead,
the AUTO indicator lamp above the keys
lights to indicate that the instrument is set
to auto sweep mode of operation. PAUSE
key temporarily stops sweep frequency at a
desired frequency step point until either
@ or @ key is again pushed (after

pressing kevy}.

These keys also function for a swept volt-
age bias measurement in like manner.

During swept measurement mode of opera-

BLUE LABEL

FUNCTIONS

Section I
Figure 3-]

tion, functions, other than these controls,
are automatically deactivated. The swept
measurement is released when the measure-
ment is completed or when SWEEP ABORT

key @ is pressed (after pressing
key).

SWEEP ABORT: This key releases auto
sweep frequency (bias voltage) measure-
ment and activates a stationary frequency
measurcment at the [requency (voltage)
point where the sweep mode i3 released.

LOG SWEEP: Swept frequency measure-
ment sweeps the 51 spot {50 step) {requen-
cies which are automatically selected at
logarithmically regular frequency intervals
over the range of the programmed start to
stop frequencies. Step frequency program
input data has no effect on the measure-
ment.

Logarithmic sweep is also feasible m swept
voltage bias measurement. An indicator
lamp above the key lights to indicate that
this function is set. This function is re-
leased by again pressing the key (after

pressing kevy).

HIGH SPEED: This key provides display
output of measured vatues at an accelerated
measuring rate of approximately 250ms.
The high speed measurement is achieved at
the sacrifice of the averaging measurements
(averages five measurements) with its re-
sultant jmproved stability for readouts on
the lowest or highest measurement ranges.
An indicator lamp above the key lights to
indicate that this function is set.

This function is released by again pressing

the key {(after pressing kev}.

ELEC LG: This key is pushed to enter an
electrical length number particular to the
test fixture used (before taking measure-
ments). An appropriate electrical length
number must be successively inputted
through DATA keys (i) (electrical length
18 indispensable in optimizing measure-
ments).

Figure 3-1.

Front Panel Features (Sheet 8 of 9).
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UNKNOWN connector: This connector
provides the capability for connecting and
mstalling an accessory test fixture specially
matched to the 4191A or a user-built test
fixture. The APC-7 connector test port, of
two terminal configuration, has a character-
istic impedance of 5002 which is equal to
the base impedance in reflection coefficient
measurements, This base impedance repre-
sents the reference in the normakized im-
pedance calcuiations for multiple parameter
derivations.

160914 I

160924, 16093A/B

UNKNOWN CONNECTOR

Model 4101A

@ Test Fixture Mounting Posts: These two
mounting posts help to securely install the
test lixture in conjunction with the UN-
KNOWN @ connector. The mounting
posts fit twin holes on the 16092A, 16093 A
or 160938 Test Fixture terminal decks for
firm installation (not used for 16091A
and 16094A),

TEST FIXTURE INSTALLATION

Accessory test fixture installations on the UNKNOWN
terminal deck are illustrated at left:

16091 A Coaxial Fixtures:

The coaxial fixture is installed on the UNKNOWN
connector with a special coaxial adapter (for inter-
connecting the two connectors). The coaxial adapter
protects the UNKNOWN connector contact surface
from any damage incident to attachment of sample.

16092A Spring Clip Fixture,

16093A/B Binding Post Fixtures:

A connector coupling screw on the underside of the
test fixture terminal deck is coupled to the UN-
KNOWN connector. The test fixture mounting posts
of the 4191A are set into the twin locating holes at
the corner of the deck.

Note: For detailed instructions for usage of test fix-
tures, refer to paragraphs entitied “DUT CON-
NECTION” (pages 3-31 through 3-35).

3-10
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EXT TRIGGER Connector: This connec-
tor is used for externally triggering the in-
strument by inputting an exfernal trigger
signal. TRIGGER key on front panel should
be set to EXT.

HP-IB Address Switch: This switch sets the
HP-IB address number for the instrument
and, additionally, data output format, and
control capability to Talk Only or to Ad-
dressable.

DC BIAS Selector Switch and Connector:

INT EXT switch: This switch selects be-
tween internal or an external d¢ bias
source:

INT - Internal dc bias voltage is applied
to the sample.

EXT- External dc bias voltage can be
applied to the sample up to a maxi-
mum of + 40 volts through EXT
INPUT/INT MONITOR connector.

EXT INPUT/INT MONITOR connector:
External dc hias voltage can be applied
to sample up to a maximum of 40 volts

(100mA max) through this connector.

When internal dc bias is used, the bias
voltage can be monitored by connecting
a voltmeter (DVM) to this connector.

Tnput impedance: 39082 £ 10%.

REAR PANEL FUNCTIONS

OO ©®

Section Il
Figure 3-2

HP-IB Connector: HP-IB interface cable
can be connected to this connector tointer-
communicate with other HP-IB devices
through the bus line cable.

~ LINE input receptacie: AC power cord
is connected to this receptacle and ac
power line.

FUSE Holder: Imstrument power-line fuse
is installed in this holdes:

100/120V operation:

1.6AT  (P/N2110-0304)
220/240V operation:

800mAT (P/N 2110-0306)

VOLTAGE SELECTOR Switches: These
switches select appropriate ac operating
power voltage from among 100, 120, 220V
+10% and 240V -53%+10%, 48-06Hz.

RECORDER OUTPUTS (OPT 004) Con-
nector: With Option 004, these connectors
output analog voltages in proportion to
measurement display outputs and test
frequency (or internal dc bias voltage) for
graphically recording a sweep measurement
with an X-Y recorder.

Figure 3-2, Rear Panel Features (Sheet 1 of 2).
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Section I
Figure 3-2

REAR PANEL

FREQ/BIAS Connector: QOutputs analog
voltage in proportion to test frequency
or internal dc¢ bias voltage from OV at
start frequency (voltage) to 1V at stop
frequency (voltage) point. The output
voltage is proportional to the logarithm
of the frequency (voltage) when LOG
SWYEP function is set.

Model 4191A

FUNCTIONS

DISPLAY B Connector: Outputs analog
voltage in proportion to the three lesser
significant digit numbers of DISPLAY B
display output (I mV per 1 count of dis-
play from =999 to 999 counts),

DISPLAY A Connector: Outputs analog
voltage in proportion to DISPLAY A
display outputs in the same manner as
for DISPLAY B connector output.

3-i2

Figure 3-2. Rear Panel Features {Sheet 2 of 2).
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3-7. MEASUREMENT FUNCTIONS.

3-8. The model 4191A makes simultaneous measure-
ment of two independent, complementary parameters in
each measurement cycle. This combination of measure-
ment parameters represent both the resistive and reactive
characteristics of the sample. A total of 16 measurement
parameters (two among them are duplicates) constitute
the 14 selectable combinations of the parameters. These
measurement functions are classified, for display purpose,
into two groups: DISPLAY A and DISPLAY B functions.

DISPLAY A function group comprises primary measure-
ment parameters including those tabulated below:

DISPLAY A functions

12} | Absolute value of vector impedance.

¥l { Absolute value of vector admittance,

Il | Absolute value of vector reflection coefficient.

R |Resistance.

G | Conductance,

{% | Real part of vector reflection coefficient,

L |Inductance.

C | Capacitance.

Measured values are displayed in DISPLAY A section at
top left on the front panel.

DISPLAY B functions include a group of subordinate
parameters, the availabitity of which are partially de-
pendent on the primary function selected. The measure-
ment parameters included in the DISPLAY B functions
are listed in the tabulation below:

DISPLAY B functions
# (deg) | Phase angle in degrees.

#(rad) | Phase angle in radians.

X Reactance.
B Susceptance,
Iy Imaginary part of vector reflection coefficient,

RewT! Equivalent series resistance,
G L5 | Parallel conductance.

3] Dissipation factor.

Q Quality factor.

Section MM
Paragraphs 3-7 to 3-10
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The relationship of the combinability of subordinate
parameters to major measurement parameters are repre-
sented in the function indicator on the front panel (these
panel markings are shown in above-right figure). The
DISPLAY B parameters selectable together with the
DISPLAY A function are discriminated by rectangular
block lines outlining the parameter labels. That is, the
divisions shown for the particular function indicator
signify the available combinations of the measurement
parameters (as defined below):

Combinable functions
Iz, ¥, I |R|G|[Xx| L, C
G(deg), f(rad)| X (B [[¥| R, G, D,Q

DISPLAY A
DISPLAY B

Measured values are displayed in DISPLAY B section (at
top center of the front panel).

3-9. DEVIATION MEASUREMENT FUNCTION.

3-10. The 4191A is capable of deviation measurements
associated with both DISPLAY A and DISPLAY B func-
tions. This function enables displaying unit deviation
or percent deviation of the sample values from a refer-
ence value stored in the internal memory, When the store
mode operation is enabled, the instrument memorizes the
measured values for DISPLAY A and/or DISPLAY B
parameters, or otherwise the data input numbers as the
reference value(s), The difference between the subsequent
measurement and the reference vahue is displayed in the
form of a subtraction as a A (delta) measurement or as a
percent deviation A% (delta percent) measurement. The
deviation measurement procedure is described in Figure
3-8

3-13
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Paragraphs 3-11 to 3-14

3-11. DISPLAYS,

3-12. Two primary display sections and a subdisplay
section provide visual data output of measurement re-
sults as well as of the test parameter values employed for
the measurement.

1. DISPLAY A

DISPLAY A provides a readout of the measured im-
pedance, admittance, reflection coefficient (absolute
values) as well as for resistance, conductance, the real
part of vector reflection coefficient, and the inductance
or capacitance values (|Z|, |Y|, [I'l, R, G, I'x, L or C)
in a maximum 4-1/2 digit decimal number with decimal
point and appropriate unit. The trigger lamp located at
the left in display flashes in synchronism with measuring
rate.

If the sample value exceeds full count display number on
the selected range or an inappropriate DIGIT SHIFT con-
trol setting is set, an -OF- (Over Flow) figure appears in
this display. If an inappropriate panel control operation
is made, an error annunciation figure E-06 (Error 6)
is displayed until the erroneous measurement arrange-
ment is corrected (refer to Table 3-6 for the annuncia-
tion display meanings). When an auto-calibration needs
to be performed, “‘CAL” (CALibration) or “Conn”
(Connect) annunciation display provides an instruction
for the succeeding calibration procedure in association
with collateral indications in DISPLAY B.

2. DISPALY B

DISPLAY B gives subordinate measurement data such as
phase angle (8) in |Z|, Y| or |I'| measurements; react-
ance (X) in R measurements; susceptance (B) in G mea-
surements; imaginary part of vector reflection ceefficient
( [y ) in conjunction with real I'x measurements; equiv-
alent series resistance, parallel conductance dissipation
factor or quality factor (R, G, D or Q) in L or C mea-
surements.

If sample value for selected DISPLAY B function is in-
appropriate or if an incorrect panel control operation is
made, an -OF- or an error annunciation figure is displayed
similar to that which appears in DISPLAY A. During
calibration function, an “0Q 7, “0S”, “508" or “END”
figure appears providing information relevant to the dis-
play in DISPLAY A. When 2 diagnostic SELF TEST is
performed, displays of the test results are exclusively
provided in DISPLAY B.

3-14

Model 4191A

3. Test Parameter Data Display

Test Parameter Data Display at front panel upper right
provides readouts for the test parameter values that cor-
respond with those particular data input operations, and
affords a selectable display of the data for the test para-
meter settings employed in the measurement. These
display parameter data are:

» Spot test frequency

¢ Sweep frequency parameters (start, stop and step
frequencies)

* Spot bias voltage

* Sweep bias voltage parameters (start, stop and step
frequencies)

s Electrical length value

s Reference values (in deviation measurements)

The display is given in a maximum 4-1/2 digit decimal
number along with an adjacent unit indication (MHz,
cm or V) at the right side. Option 002 unit offers 2 maxi-
mum 7 digit readout to permit the full digits of the fest
frequency setting number to be displayed at 0.0001 MHz
resolution. An example is given below:

oot

If an unacceptable input parameter number is set or if an
inappropriate control operation is made, -OF- or an error
message (E-01 to E-12 except E-10) is displayed until
the control input demand is automatically released or the
erroneous measurement setup is corrected.

3-13. DIGIT SHIFT.

3-14. DIGIT SHIFT control function permits the
number of display digits for DISPLAY A and DISPLAY
B to be independently set as desired instead of an auto-
matic setting for the optimum number of digits (select-
able number of display digits can not exceed those of an
automatic setting). The numeric figures of the display
output move to the right by one character each time the
DIGIT SHIFT DSPL A or DSPL B [ ] key is pushed.
The primary usage of this function is to proportion the
analog recorder output to an appropriate three element
digit number output of the display. For detailed inform-
ation on the recorder output, refer to paragraph 3-56.
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3-15. TEST FREQUENCY SIGNAL

3-16. The sinusoidal wave test signal incident on the test
sample is fed at a signal level of —14 dBm (approximately
45mV rms) from the internal frequency synthesizer
signal source with 3 ppm frequency accuracy. The
programmable, microprocessor controlled, synthesizer
signal source provides sweep frequency measurement
capability with a simple key board operating procedure.
Coupling the powerful control and computation capabil-
ity of an external calculating instrument (HP desktop
computer) through the HP-IB line, enables the 4181A to
make more creative, sophisticated use of the swept meas-
urement functions. A control program will permit, for
example, an automatic search for the resonance points
of a sample device in the test frequency range and pro-
vides measurement readouts of the resonant frequencies,
impedance values of the extremes, quality factor for
each individual resonance and other useful analysis data.
The controllable test frequency and sweep frequency
parameters of the internal fest signal are shown in Table
3-1.

Table 3-1. Test Frequency Setting Banges.
[nstrument Standard Opt. 002
option
1.0 - 1.0000 —
Spot £
Spot frequency 1000.0 MHz | 1000.0000 MHz
Step 0.1 0.0001
999._0_MHZ 999 0000 MHz
Sweep Start 10— 1.0000 —
frequency 1000.0 MHz 1000.0000 MHz
parameters ' B
Stop 1.0 - 1.0000 —
1300.0 MHz 1000.0000 MHz
Frequency ; <2500 MHz 100 kHz ) 100 Hz
resolution | »>500 MHz 200 kHz 200 Ha

Test Signal Settling Time.

It takes about 200 milliseconds (maximum) for the test
signal to stabilize after changing frequency. In swept
frequency measurements, this settling time is automati-
cally set before a measurement can be taken {at cach
sweep step frequency).

500

L

50+7¢L

11000MHz
-14dBm

(mv)

Figure 3-3. Test Signal Level.

Section I
Paragraph 3-15 to 3-20

3-17. RANGING

3-18. The 4191A measures sample values on one range
for whichever measurement parameter is selected. Each
of the selectable measurement parameters is derived
from reflection coefficient measurements using para-
meter conversion calculations (performed by the 4191A).
The reflection coefficients are always measured as values
in the range of |T'] = 0 and || = 1 for any impedance
element (from O£ to infinity — = £). Thus, measure-
ment values are covered by one reflection coefficient
range and range control function need not be provided.

However, autoranging control is seemingly performed
for display output purposes in measurements of para-
meter values except for reflection coefficients. When
the delta (A/A%) function is set to perform deviation
measurements, the display output value range is auto-
matically fixed. RANGE HOLD key funcfion allows
fixing the multiplier and decimal peint displays to
represent measured values in the desired display format.

Note: To supplement the outline of the ranging de-
scribed above, refer to the expanded explanation
of 41914 measurement principle {page 3-19).

3-19. MEASUREMENT RANGES

3-20. The 4191A is, in measurement principle, capable
of measuring samples of all impedance values from zero
to infinity (e ohms) as the measurement parameter
values are transtated from reflection coefficient measure-
ments. However, the practical measurement range is
defined in relation to accuracy and resofution both of
which are reduced in the both low and high impedance
regions. The practicable measurement range is therefore
dependent on the accuracy requirements of the measure-
ment purpose. Figure 3-4 shows each parameter meas-
urement range in which sample values can be measured
at accuracies better than + 5%.

Because the reflection coefficient parameter measure-
ment capability spans its entire range ({1 = 0 and
IT| = 1) at almost constant accuracy at any test fre-
querncy, a reflection coefficient range graph is omitted.
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Section HL
Paragraphs 3-21 and 3-22

3-21.

3-22.  In reflection coefficient (|I'|-8, 'x-I'y) measure-
ments, measurement display outputs are provided at a 4
digit constant resolution from 0.0000 to 1.0000 over the
entire test frequency range. As other parameter values
are calculated from the measured reflection coefficient
values, the resolution for these parameter measurements
depends on the number of significant digits developed
in the parameter conversion calculation results. The sig-
aificant digits of converted parameter values decrease as
reflection coefficient values increase (near 1). The 4191A
automatically changes the number of display digits to
provide appropriate measurement readouts in conjuntion
with the resolution and measurement inaccuracy. Addi-
tionally, to facilitate reading the significance of the dis-
play outputs, the 4191 A differentiates between the lesser
significant digits displayed and the more significant digit
display outputs (see note below).

MEASUREMENT RESOLUTION

Model 4191A

DISPLAY 4

[
[ )

T—-]E‘Significant Zero J
Less significant zero

{Less significant digit dara identifies the mean-
ingless numbers related ro the uncertainty of the
measurement result. )

When a high impedance sample is measured, the measure-
ment readout displays, other than for reflection coef-
ficients, will skip some numbers owing to the change in
significant digits. For example, an impedance value of

Note: Numeric segments of lesser stemificant display sample which is somewhat greater than 150k is dis-
digits indicate zero figures, The lesser significant played as either 150 k& or 200k (the values 160, 170,
digit data {zero) are represented by small zeroes 180, and 190k are not displayed). This skip in readout
{0} figure to differentiate them from significant display also occurs when a measurement is taken for high
Sfigures which are represented by large zeroes {0). dissipation factor or high quality factor values.

Capacitance Range at D<0.0] Inductance Range at Dg0.07
Tu
100 .
10n
[~ T N
8'1 00p 2
p

100¢ -
1 10 100

Test Frequency (MHz)

1000

10 100
Test Frequency (MHz)

Figure 3-4. Measurement Ranges (Sheet 1 of 2).

3-16


https://www.manualsplus.com/

Modei 41914 Section I

Figure 3-4
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Figure 3-4. Measurement Ranges (Sheet 2 of 2),
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Paragraphs 3-23 and 3-24

3-23. CIRCUIT MODE

3-24. An impedance element can be represented by a
simple equivalent circuit comprised of resistive and re-
active elements each connected in series with or in paral-
tel with the other. This representation is possible by
either of the equivalents (series or parallel) because both
have identical impedances at the selected measurement
frequency by properly establishing the values of the
equivalent circuit elements.

The 4191A employs an equivalent measurement circuit
which is predetermined for each of the selectable com-
binations for both DISPLAY A and DISPLAY B meas-
urement parameters. The display outputs are given as
the resistive and reactive element values in the equiva-
lent circuit for each measurement parameter set as
shown in Table 3-2.

Parameter values for 2 component measured in a parallel
equivalent circuit and that measured in a series equiva-
lent circuit are different from each other. The difference
in measured values is related to the loss factor of the
sample to be measured. If no series resistance or parallel
conductance is present, the two equivalent circuits are
identical.

Model 4191A

However, the sample value measured in a paralle] meas-
urement circuit can be correlated with that of a series
circuit by a simple conversion formula which considers
the effect of dissipation factor. See Table 3-3. The dis-
sipation factor of a component always has the same
value at a given frequency for both parallel and series

equivalents.

Table 3-2, Measurement Circuit Mode.
DISPLAY A DISPLAY B Circuit Mode

R X g

G B B

G L

t R,D.Q T

R AW

¢ G,D,Q G

Note: Impedance, admittance, reflection coefficient

and phase angle values are identical for both
the series and parallel equivalent circuit repre-
sentations, Such equivalents are thus omitted.

Table 3-3. Parallel-Series Equivalent Circuit Conversion.

Rs
j¥s  Rs RsZ + Xs2 &
4w =
Xs
i e = 3B
J Rs? + Xs? 1
Yp=— =6+ j8
7s = Rs + j¥s Ip
(Ds = Rs/Xs} {Dp = G/B = Rs/Xs)

When the conditicons for the above equaticns
are satisfied, the parallel and series cir-
cuits have equal impedance {at a particular
frequency point). Note that the dissipation
factor dis the same in both ecguivalent cir-
cuit reprasentations,

Dissipation Factor Equations.

Circuit Mode} Dissipation Factor ngﬁ§i5$g§e§0
o D : , fes - {1+ 0%} Cp
ot 2riCORp 0 |ge o _ D g
Rp 1 + D2
C Cp = ...,.,,,.l...,..m Cs
Cs Rs 1 1+0°
—AwW— | [ = 2afCsRs = — 2
Q Rp E ] +2D RS
D
1
= e L
Lp Ls 1+ D02 P
—If:,tl— - enflp o 1
2
v Rp L
p 2
L 1+D
tp = {1 + D) Ls
Ls Rs D Rs 1 P )
- E 2
T 2nfls o |rp= +ZD Rs
D
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RF impedance measuring techniques necessitate a
distinctly different architecture from the design tech-
niques popularly used in the circuitry and mechanical
composition of a low frequency (kilohertz region)
LCR measuring instrument; {these include considera-
tions for such elements as the test cables, the auto-
balancing bridge circuit and other critical design
areas).

Residual impedances, phase shift, propagation losses
and other unwanted effects incident to “lumped con-
stant measuring circuit” configarations are indeter-
minable factors in rf vector measurements. These
effects increase with test frequency causing unac-
ceptable, significant measurement errors to occur
and narrow the practicable measurement and fre-
quUency ranges.

Thus, a vector measurement in the rf region is more
convenjently handled by a “distributed constant
measuring circuit’” arrangement. Its advantage is that
an equality in characteristics of the circuit over a
broad frequency range can be realized; and, con-
sequently, that the vector test signal detected can
be exactly represented by a simple mathematic form
with respect to the measuring circuit.

Instead of the usual vector-voltage-current-ratic meas-
urement method (useable at low Irequencies), the
reflection and/or transmission coefficient parameter
values are measured to obtain the desired character-
istics of the sample.

The 4191A applies a measurement frequency test
signal to the sample which is terminated at the fest
port and detects the vector-voltage-ratio of the re-
flected wave to the incident wave from/to the sample
to measure the reflection coefficient. The reflection
coefficient I" is defined as:

e —————
@ - 0

Vref
Vinc

=TIx + jl'y

T (cos® + jsin8) =1 2 @

H

THE 4191A MEASUREMENT PRINCIPLES

Section I

Where, Vrefl is voltage of the reflected wave.
Vinc is voltage of the incident wave.

As the phases of both the incident and reflected
waves differ at each point on the test signal propaga-
tion line (measuring circuit), the reflection coefficient
is a function of the propagation line length. The
reflection ceefficient measured at distance ¢ from
the termination point is represented as:

. 2@ w
= -2jg% e o mm e
e I'e (8 N ; )

Where, A is wave length of the test signal in the propa-
gation line.
I is reflection coefficient value when £ = 0.

Note: Attenuation coefficient of the rest signal
propagation line is neglected in this discus-
sion.

In practice, the measuring point where the reference
terminations are connected for auto-calibration {(nor-
mally the UNKNOWN connector contact surface) is
taken as the reference of the line length 2.

Therefore the ¢ value corresponds to the propagation
line length between the test port and the contact
point of the sample to be tested. The £ value of the
particular test fixture used is provided as the elec-
trical length value in the performance characteristics
data and is entered at the keyboard before taking
measurements.

All measurement results automatically compensate
for the electrical length effect of the test fixture
using correction calculations based on the above
equation.

The reflection coefficient value and the impedance
value of the sample is interrelated, each with the
other, by the following lormulas:

_Zr ~ 1

T oZr+ 1
1 + T
1 -T

Ly =

Where, Zr is normalized impedance of the sample
defined as: Zr = Zx/Z0
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The base impedance Zo is identical with the char-
acteristic impedance of the test port, that is, 500.

The impedance value of the sample can therefore
be derived as:

I+ I
1 -TF

Zx = 7o (o)

iZ] (cos@ + jsing) =
R + X

|zl 28

Resistance (R) and reactance (X) sample values are
derived as:

R - ] - I'x? = Iy?
(1 - TP + I'y?

2T

X = Zo Y

(1 - I'xy¥ + I'y?

Other measurement parameter values are calculated
from the resistive and/or reactive component(s) of
the impedance value.

Measurement Parameter Relationships

Vector impedance and vector reflection coefficient values
are represented in orthogonal or polar coordinates as
follows:

' =Tx + j0y = |T'[{cos¢ + jsing)
=l ¢ IT|= Tx + Ty?
Z=R+jX = |Z| (cos@ + jsind)

il

FAWA

Measured reflection coefficient values and impedance
values are correlated by the following equations:

Ix - Zo _
Zx + Zo ZX_ZOle

F =
Where, Zx is impedance value of sample.
Zo is characteristic impedance

of the measurement circuit.

Because 4191 A measurement circuit impedance is 500,
the above equations can be represented as:

Zx - 50 _ r — 1
Zx + 50 Zr + 1

3-20

B 1+ T
Lx = SOT-———F

Where, Zr (normalized impedance) is given as:

- _ - RO X :
Zr = Zx/Zo = Zx/50 0 + 50" Rr + jXr
Ix = Rri+ Xr?-1 Ly = — 2Xr
TR D2eX T T (Rr+ )2+ Xe2
_ I - I's2- I'y? B 2y
R =50 ——(I T xRty X 50 “‘“—"(] x4 Ty?

Other measurement parameter values are correlated
with the resistance and reactance values by the equations
tabulated below:

DISPLAY A Parameters

DISPLAY B Parameters

|Z] S RIEXE

g tan"‘—éw

1

)
2nf

. S <=
Zrf{R74KZ)

d X [ -;ii)
[y Y REI+ Y2 g | tan R ( tan G
R _X
G 2 X B RE+XZ
R*+ %2 (’ 1 5 R
27X\ ?mfB R2+X2
L R R
X
SoF R 1
f i =
‘ 0.9 t ( a)
1
2utX R R
R
C G Re+ X2

i 3 6D
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Table 3-4
Table 3-4. Parameter Conversion Formulas
DISPLAY A parameters
Sample
|21 |Y] R G L C
C R wC 2,2
1 e S wC°R
—hw aer PR T wecere R T+ wZCZR? c
7 1 G
"L_::]_ VP tir G2 Yy w2l2+ G2 G2+ mige 5 R — C*
G
L R 1 R
T LR TR R R ToF W7 ol —
L
ek T w?l 2G
4E:::F 41+ w22 w2z * th 1 + w2l2G2 G L*
G
DISPLAY B parameters
Sample
P 7} X B R G D (1/Q)
C R 1 1 C 2(2
- 1 - s __w=C?R
bW | -tanToer ot T+ w2 CZR? R T+ w2C2R? wCR
T ¢ c G
el R S S, _G
ToF | -t G2+ w22 ut G2+ weC? 6 oC
G
L R
gl wl R R
d tanlﬁfm ul T R2+ @2L2 R R+ 2Lz wl
5 1
) wl, 1 w?l2G
‘Eg} tan"ors EREIRE Tl T+ wrl262 G w6

* Note: Measured value for measurement circuit mode

is same as equivalent circuit of sample.
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Figure 3-5

INITIAL MODE SETTINGS

Initial impedance analyzer operation begins with an automatic self diagnostic test which checks func-
tional operation of the instrument when the instrument is turned on. This test is accomplished within
1 second. If any abnormality is detected in the diagnostic test period, an error message figure will
appear in DISPLAY B and/or the sequential operation will not proceed to the next option annuncia-
tion display.

OPTION ANNUNCIATIONS |

The instrument first displays the HP-IB address number to be used when interfacing with other HP-IB
equipment. Simultaneously, installed option content is, if Option 002 and/or 004 is instatled, dis-
played in the front panel display to let users know what option is available in the instrument. The HP-
IB address number and option annunciation are respectively given in abbreviated code as illustrated

below:

DSPLAY A DISPLAY B

L Analog Recorder Output
Option {Option 004).

HP-IB address code 17. High Resolution Test
Frequency Option (Opticn 002),

LIO MINUTE WARM-UP

An internal timer delays instrument operation for the 10 minute warm-up time needed to stabilize the
temperature controlled circuit block in the instrument. During the preparatory warm-up operation,
the option annunciation figures are continuously displayed. 1f any panel control key is pressed before
the 10 minutes warm-up time is complete, an error message figure (E-07) will appear in Test Parameter
Data Display.

Notes: 1. Perform a running warm-up of at least 40 minutes to setrtle instrument into its specified
performance,

2. If ac operating power is momentarily lost after warm-up, the megsurement can be resumed
by passing over the initial warm-up time. To omit the regular warm-up time, press any
arbitrary panel control key (E-07 will be displayed), and again press a key. The instrument
will proceed to its initial control settings.

Figure 3-5. Initial Mode Settings {(Sheet 1 of 3).
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Figure 3-5

INITIAL MODE SETTINGS

[INITIAL CONTROL SETTINGS

The 4191 A front panel control key functions and test parameter data are automatically set as follows:

DISPLAY A fUnCHOIL ottt oot et oo |Z|
DISPLAY B function . ... . ... e @ (deg)
AfA% (DISPLAY A) .. off
AAT (DISPLAY B)Y ... off
SPOT FREQ ...t e e s 1.0 MHz
STEP FREQ ...ttt e e 1.0 MHz
START FREQ ... i i e e s §.0 MHz
STOP FREQ ..ottt e 1000.0 MHz
REE A o e e 0 (12D
REF B . e e Odeg (8)
ELEC LG ot e e e e e e 00 cm
SELF TEST . off
HIGH SPEED ...t e e e e off

LOG SWEEP .o s off
TRIGGE R . oo e INT
RANGE HOLD ... e e e e off
CALIBRATION .. e e e e e off
QPO BIAS .ot ov
STEP BLAS it e 01V
START BIAS oo e e -40V
STOP BIAS s 40V

INITIAL CALIBRATION |

Calibration data for the entire 4191 A frequency range (IMHz to 1000 MIz) is present in the instru-
ment’s continuous memory (when the instrument is shipped from factory). Accordingly, the in-
strument can usually begin taking measurements using these initial control settings. Thus, the im-
pedance value of a sample can be measured by merely connecting the sample (using an appropriate
test fixture) at the memorized 1 MHz test frequency.

If a CAL annunciation figure appears in DISPLAY A and/or DISPLAY B, such display indicates that
the instrument is in either of the following states:

1. Auto-calibration data memorized by instrument is for a defined frequency range which does
not include the spot frequency (1 MHz). That is, the spot frequency is out of the calibrated
{and memorized) frequency range.

9. Calibration data has been lost (owing to incomplete calibration or because memory backup
battery is exhausted).

Figure 3-5. Initial Mode Settings (Sheet 2 of 3).
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INITIAL MODE SETTINGS

REQUIRED OPERATION

Set the upper limit frequency number of the desired test frequency range with the DATA input keys
and, next, press ENTER key.

(Example) Upper limit frequency = 100 MHz

MHz com

Key strokes: []][OI[OIC]

Note: If PARAMETER SPOT FREQ/BIAS key indicator lamp is not lighted, first press this key.

Check whether the CAL annunciation display occurs or not. Next, set the lower limit test frequency

number in like manner.
If CAL annunciation is displayed when either the upper or lower frequency limit is set, the instrument
must be recalibrated to cover a frequency range which includes the desired test frequencies. The auto-

calibration procedure is described in the paragraph which follows,

Naote

For optimum calibration accuracy, it is recommended that the instrument be cali-
brated at the specific frequency range used rather than for the full range.

Figure 3-5. Initial Mode Settings (Sheet 3 of 3).
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———mee INITIAL AUTO-CALIBRATION

GENERAL

To optimize measurements, the 4191 A must initially have memorized automatic calibration data for
the entire test frequency range to be used before beginning measurements. By pressing CALIBRA-
TION key, the 4191A goes into its automatic calibration operating mode. Through the calibration
routine, trial measurements with definitive reference terminations® (082, 0S and 508 ) are made to
calculate the correction factors based on measurement deviation results from the reference values. The
4191A memorizes its own calibration data and applies appropriate corrections to all measurements,
The instrument’s intelligent microprocessor capabilities do the memorization and produce the neces-
sary sophisticated correction computations at high speed for each measurement. Consequently, any
constitutional errors, particular to the instrument, are eliminated from any subsequent measurement

results almost to the level of the inaccuracies inherent in the reference terminations.

*Nate: The reference terminations are supplied accessories (HP part numbers are 04191-85300 for 052,
04191-85301 for 500, and 04191-85302 for OS termination).

Note: The 09, 08 and 505 reference termination devices provide references for exact I' = o, 1.0
and 0 reflection coefficient representations, respectively. On a Smith Chart plane, these refer-
ence points represent the intersections on the circumference of the ‘T =1 circle, the R axis
{x =0}, and the center of the chart. Auto-calibration optimizes measurements using these
references so that measured values are exactly coordinated with the proper poinis on the chart,
The virtual (supposed) coordinated system of the instrument, related o measurements, is com-
pensated for any possible distortion and, consequently, any measurement parameter value
can be represented correctly by the optimized coordinate.

Calibration Points on Smith Chart

ACCURACY AND TRACEABILITY

The above discussion emphasizes that the 4191 A measurement accuracy substantially depends on
the accuracies of the standard terminations used. In practice, the comprehensive accuracies of
the standards is dominant in both actual and specified measurement accuracies of the instrument.
Thus, the measurement accuracy is further enhanced if high quality terminations, that is, more
idealistic reference terminations which embody high standard impedance accuracies, are available

and used.

As a result of the preparatory calibrations with the use of standards whose values are certifiable
by national standard/calibration entities, definite traceability for the 4191A to NBS, NRC or
other, equivalent, standards groups is provided.
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INITIAL AUTO-CALIBRATION
CALIBRATION PROCEDURE

Auto-calibration of the 4191 A instrument is performed by using reference terminations under auto-
matic settings of the measurement parameter (reflection coefficient) and of the test frequency as it
sweeps the programmed f{requency range. This paragraph firstly describes the basic calibration proce-
dure for calibrating the instrument over its entire test frequency range and, secondly, describes selective
calibration (for a defined frequency range):

1.  Depress LINE button to turn instrument on.
After the 10 minute warm-up time is fulfilled, the instrument controls are automatically set

(initial control settings).

2. Press CALIBRATION key (key lamp lights).
Instrument controls are automatically set as follows:

DISPLAY A and DISPLAY B ... ... .. ........... R-X
CALIBRATION .. ... . i, on
Start frequency ........ .. .. ... ... 1.0MHz
Stop frequency .. .. ... ... L 1060.0 MHz
TRIGGER .. ... . . . INT

(Measurement parameters are now, in actuality, set to an F'x - I'y measurement.)

The indicator lamps for the above functions (except for start and stop frequencies) and SPOT
FREQ/BIAS key lamp light. Concurrently, “Conn” 0" figures appear in the displays to in-
dicate that the O£ reference termination should be connected to UNKNOWN connector, as il-

lustrated below:

{ DiSPLAY & } ! DISPLAY B : ‘
"~ : ] !
Lo s Lf . BN
Note

The above “Conn 0Q7 annunciation figure does not appear when complete calibration
data, used in previous measurements, has been memorized. Also, the “Conn 08" and

“Conn 50Q7 annunciation figures (steps 7 and 11) are not displayed.

|09 CALIBRATION

3. Rotate UNKNOWN connector coupling nut clockwise until the coupling sleeve screw fully

protrudes.

Caution: Do not touch the terminal contact surface with fingers (to maintain optimum

electrical contact).

4. Carefully couple the 09 termination to the UNKNOWN connector so that each is face-to-
face with the other,

Caution: Carefully handle the termination so as not to impair its precision contact surface.
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INITIAL AUTO-CALIBRATION
5. Rotate the 08 termination cap nut clockwise until it is firm (termination is mated with the
UNKNOWN connector).

6.  Press CALIBRATION START button.
Test frequency display succeedingly changes in a higher frequency direction in the order of the
programmed 51 spot frequencies (which are automatically predetermined in regular *20MHz
frequency intervals to 1000 MHz). Measurement data taken for the 0§ termination is simulta-

neously displayed as illustrated below:

IBEPLAY £ OISRLAY B ) |"'

1\
LA EERLER -

MHr o nr
0
¥
.

After an interval of approximately 50 seconds, the 0§ calibration ends at 1000.0 MHz test

frequency.

*Nore: 1998 MH:z for option 002 units.

0S CALIBRATION

7. “Conn” “08” figures appear in the displays to indicate that the 0S standard termination
should be connected to UNKNOWN connector, as illustrated below:

DISPLAY & DISFLEY B \

[}
[

Comn
=1,

Measurement parameter indication changes as follows:
DISPLAY A and DISPLAY B ... ... .. ... ... ... .... G-B

8. Rotate the 0Q termination cap nut counter-clockwise and remove the 09 termination.

9. Carefully couple the 08 reference termination to the UNKNOWN connector and rotate the
termination cap nut clockwise until it firmiy mates with the connector,

10.  Press CALIBRATION START button.
Test frequency display is reset to | MHz and restarts (succeedingly shifting in the higher fre-
quency direction). Measurement data (I'x and Ty values) for the 0S termination is displayed
similar to that for 082 calibration. The 08 calibration ends at the 1000.0 MHz test frequency

approximately 50 seconds from the start.

506 CALIBRATIONJ

11.  “Conn™ *5007 figures appear in the displays to indicate that the 5052 reference termination
should be connected to UNKNOWN connector, as illustrated below:

DISFLAY 4 [ DISPLAY B

Comnm |
o

Measurement parameter indication changes as follows:

DISPLAY A and DISPLAY B ... ................ Fx-Iy

327
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12.

13.

14.

15.

Model 4191A

Rotate the 0S termination cap nut counter-clockwise and remove the fermination.

Rotate 308 reference termination coupling nut counter-clockwise (as viewed from contact

side) until the coupling sleeve screw is at its innermost free position.

Carefully couple the 508 reference termination to the UNKNOWN connector and rotate the
termination coupling nut clockwise until it firmly mates with the connector.

Press CALIBRATION START button.

Test frequency display is reset to IMHz and restarts (succeedingly shifting to higher frequen-
cies). Measurement data (I'x and P'y values) for the 50Q termination is displayed similar to
that for 02 and 08 calibrations. The 50 calibration ends after approximately 50 seconds.
Concluding “CAL” “END” annunciation figures appear in the displays to indicate that the
calibration is completed.

To release the calibration function, press CALIBRATION button. The instrument is automati-

cally set to |Z]- 8 (deg) measurement mode of operation.

Caution: After use, keep the termination coupling sleeve screw protruding to prevent the
termination surface from possible impairment.

Notes: 1. If calibration can not be achieved for either 051, 05 or 308 standard, "CAL
END’ annunciation display will not appear.

to

Correction factors at frequencies other than at the calibration frequency points

are automatically calculated using cubic interpolation approximations.

3. Typical value of the UNKNOWN connector stray capacitance {0,082 pF) is con-
tinuously memorized in the internal memory and is used for the correction
factor calculations (with nothing connected to the UNKNOWN, the 41914 thus
displays approximately 0.08pF).

4. Electrical length input dara has no effect on the calibration resulls.

5. The measurement data displayed for the individual terminations are approxi-

mately equal to the values listed in the table below.

Termination oQ 08 500
DISPLAY A -0.7~-1.1 0.7~1.1 -0.1 ~0.1
DISPLAY B -0.3~ 0.3 -0.3~0.3 -0.1 ~ 0.1

If a displayed value exceeds the normal value range, check the UNKNOWN con-

nector and the terminagtion connector surfaces for dirt,

Note

The calibration data is stored in the internal memory and retained by virtue of
the battery memory backup capability (until new calibration data is taken and
stored to update the previously memorized data),
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SELECTIVE CALIBRATION

If a calibration fails to be achieved or if it is desired to calibrate in a particular test frequency range
(using narrower calibration frequency step intervals), the calibration can be again performed with
respect to the 092, 0S or 500 reference impedance terminations (separately) or to the desired fre-
quency range.

Note: If the CALIBRATION function is released before the calibration completed, the memory of
memorized calibration data is lost and the instrument must be again calibrated for all reference

terminations.

e 052, 0S or 5082 Calibration.
When the instrument needs to be calibrated at the 002 reference impedance, perform the following

procedures:
1.  Connect the 0 reference termination to the UNKNOWN connector.

2. Set measurement parameter to R-X by pressing DISPLAY A parameter selector { @ )
keys.

3. Press CALIBRATION START button.

0S and 508 calibration procedures are similar to the above 0 calibration procedures. Set
measurement parameter to G-B or I'x-I'y in accord with the calibration sefup procedures sum-
marized in the tabulation below:

Individual Termination Calibration Setup Procedures.

Reference Operating procedure
termination { 5 3
START
1)) Select R-X Press ®
e Connect START
0s i reference Select G-B Press o
;. termination
‘ START
00 Select I'x-T'y Press ®

® Calibration on a defined frequency range.
To define the calibration frequency range, set its bottom and top frequencies as the Start and Stop

frequencies, respectively, in accord with the following procedure:

Setting upper limit frequency.

1.  Press PARAMETER STOP FREQ/BIAS key.

2. Set the upper limit frequency number (in MHz) of the desired calibration frequency range with
the DATA input keys. The frequency setting is displayed in Test Parameter Data display.

3. Press ENTER key.
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Setting lower limit frequency.

1. Press PARAMETER START FREQ/BIAS key.

2. Set the lower limit frequency number (in MHz) of the desired calibration frequency range with
the DATA input keys.

3. Press ENTER key.
Press CALIBRATION kev to activate calibration function.

Notes: 1. Step frequency is automatically determined so as fo total 50 steps (51 calibration
Srequency points) at regular frequency intervals from the start 1o stop frequencies

(and can not be selected manually ).

2 When LOG SWEEP function is set (LOG SWEEP key is pressed after pressing
key), the calibration frequency points are faken at logarithmically regular
frequency intervals.

3. If measurement is attempted at a test frequency ouf of the defined calibration
frequency range, a CAL (CALibration) annunciation figure appears in DISPLAY
A or DISPLAY B.

4. Setting the START and STOP frequencies to an identical value allows calibration

i a shorter time for measurement at that particular SPOT frequency.

5. When the calibration frequency range s narrower than 5MHz (5kHz for option
002), the number of calibration frequency points decreases, owing [0 the mini-
mum selectable step frequency,
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—— DUT CONNECTION
— WITH 16091A

The 16091A Coaxial Termination Fixture set offers a sample holding capability specifically suitable
for making accurate measurements at high frequencies. Two types of fixtures are included in the
fixture set to provide flexibility and wide adaptability to various sizes of samples.

Each fixture is coupled to the UNKNOWN test port with the sample device mounted in its inner
cavity chamber. Owing to this unique construction, the sample to be fested can be measured imme-
diately at the test port. This decreases, to a great extent, the residual parameters of the component
feads and of the measuring circuits. Additionally, the complete shielding effect of the test fixture, a
cavity chamber prevents measurement errors sometimes contributed by the free radiation of the
test signal from the sample. This 16091 A fixture, consequently, features high accuracy with a useable
frequency range beyond 1000MHz.

The 16091A fixture set is suited to the measurement of lead-less material samples or small size,
axial lead components whose leads can be shortened. The maximum dimensions of the sample which

the test fixture can accommodate are shown in the tabulation below:

Sample Fixture Maximum dimensions
d d 7 mm
04191-85302
1 20 mm
‘?"'
' 1

d 0
L 16091-60012 mm
i 1 20 mm

Sample mounting procedure 3) Set the test sample and the movable, skirted,

electrode onto the coupling adapter as il-

1) Rotate the 4191 A UNKNOWN connector
lustrated below:

coupling nut counter-clockwise until the
coupling sleeve screw is at its innermost
free position.

2) Attach the 16091 A special coaxial coupling
adapter to the UNKNOWN connector.

Caution:

Be sure to use the coupling adapter to pro-
tect the precision-built UNKNOWN con-
nector from possible damage.

LTI LY

Movable electrode

Sample

S

Figure 3-8. DUT Connection {Sheet 1 of 7).
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DUT CONNECTION
— WITH 16091A

4y Carefully couple the coaxial fixture (hous-
ing the test sample) to the coupling adapter
attached to the UNKNOWN connector.
Rotate the coaxial fixture coupling nut
clockwise until it is snug.

5} Insert the electrode adjustment screw into
the head spindle of the coaxial fixture used
{see illustration). Rotate the adjustment
screw knob clockwise until the click stop
knob begins to idle.

Notes:

1. To properly set test sample into the co-
axial fixture chamber, solder miniature
tubing {disposable part supplied) near

the element on the sample leads. Cut
off the excess partion of the leads. See
lustration below:
PRI 0.9mm 1.0 o/ 16091
E:{}Dﬂ:l — 24023
4 Srren
Samp]e

Tubing dimensions

2. For lead-less chip components, solder
tubing directly to the electrodes of the
sample,

F

Chip component

Modei 16091A Residual Parameters
Stray C | Residual L | Residual R | Stray G
0.082pF | *0.0nH *0mQ aups

*When auto-calibration is performed at the
protective connection port of the coaxial
coupling adapter.

3. Ser Electrical Length inputr data to
.87 cm.

4. To optimize measurement accuracy

with respect fo the 16091A test fix-
ture, perform auto-calibration at the
protective connection port of the co-
axial adapter attached to the UN-
KNOWN.
Set FElectrical Length input data to
0.00 cm. (This calibration data is spe-
cific to the coaxial adapter of the
160914 used Therefore, the instru-
ment must be re-calibrated exclusive
of the adapter when another type of
test fixture is used).

Standard
termination

Coupling
adapter

UNKNOWN
test port

Model 16091 A accessories:

P/N 16091-60010
P/N 16091-60011
P/N 16091-60014 (10mm)
P/N 16091-60013 ( 7mm)
P/N 16091-60023 (200¢a.)

Coupling adapter:
Latchet screw:
Movable electrodes:

Tubing:

3-32
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iy

2)

3)

DUT CONNECTION
— WITH 16092A

Section Ml
Figure 3-6

Chip components

Rotate the 4191 A UNKNOWN connector
coupling nut counter-clockwise until the
coupling slesve screw is at its innermost
free position.

Couple the connector coupling screw on
the underside of the 16092A test fixture
deck to the 4191 A UNKNOWN connector,
and set the test fixture mounting posts of
the 4191A into the twin holes at the
corners of the deck.

Rotate the UNKNOWN connector coupling
nut counter-clockwise until it is firm.

4)

5)

6}

Note: Set electrical length
0.34 cm.

The 16092A Spring Clip Test Fixture provides a convenient capability for easily connecting and
disconnecting samples and has a broad useable frequency operating range up to 500 MHz, Two types
of spring contact assemblies (furnished) permit selecting the fixture configuration appropriate to the
shape of the sample. The slide clip contact assembly is designed specifically for holding lead-less chip
components such as chip capacitors. The twin clip contact assembly is suited for measuring general
radial lead components and axial short lead components. Its ground contact, which is slidable on the
fixture deck, permits proper adjustment of the distance between sample lead contacts. The contact
distance can be gauged with the 1 mm pitch scale on the deck (maximum measurable device dimen-
sion = 13 mm). Appropriate sample connection procedures are outlined below:

Attach the slide clip contact assembly to
the test fixture deck (®, @ or @‘; with
the captive screws provided (see illustration
below).

Use deck positioning holes appropriate to
size of sample to be measured.

Securely attach the contact assembly to
the deck with the two captive knob screws.

Pull spring slide contact back and clip in
sample.
input data to

Slide clip contact assembly

Figure 3-6. DUT Connection {Sheet 3 of 7).
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DUT CONNECTION

Model 4191A

— WITH 16092A

Short lead radial and axial lead components

1)

3)

Perform steps 1, 2 and 3 of the above pro-
cedure to install the 16092A test fixture
deck to the 4191A.

Attach single clip modute of the twin clip
contact assembly to the test fixture deck
with its two retaining screws (screw into
deck positioning holes @-— see illustra-
tion),

Attach ground contact slide module of the
twin clip contact assembly so that its slide
guide mounts on the two guide posts @
of the deck.

Model 16092A Residual Parameters

4) Fasten contact module on the deck with
its knob screw and leave screw loose.

5) Set an appropriate contact distance and
tighten contact module to deck with its
knob screw.

6) Press spring clip lever down and clip in
sample.

Note: Ser electrical length inpur darta fto
(.34 cm.

Twin clip contact assembly

. 40
Stray C 1.1 pF
= 30
=
Residual 1L 1.3nH o
— 20
=T
=3
]
Residual R 2ol
See ’
graph
0
Stray G

4
vy
16092A(R )~ =
- h ” =
(]
=
=T
i_
(o)
T 16092A(G ) é
Tl [ows]
(8]
B -
=L,
o'
|_
(¥p)

0 tGD

TEST FREQUENCY (MHz)
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DUT CONNECTION
— WITH 16093A/B

The 16093A/B Binding Post Test Fixtures are suited for the measurement of relatively large size, axial
and radial lead components or devices which do not fit the 16091A or 16092A. The 16093A is provided
with two small binding post measurement terminals set at 7 mm intervals on the terminal deck. These short
post terminals afford the advantage of low stray capacitance with low stray conductance and, therefore,
offer a broad, useable frequency operating range (up to 250 MHz). The 16093B employs a common type
three binding post terminal arrangement which includes an extra guard post terminal. The measurement
terminal interval is 15 mm (the terminal configuration is same as that of the current HP Q meter). The
160938 is suitable for the measurement of relatively high value capacitors, high value inductors and resistor
samples at frequencies below 125 MHz.

Terminal Structures Installation and DUT connection procedure:

1} Retate the 4191A UNKNOWN connector
16093A 160938 AE(mm) coupling nut counter-clockwise until the

i coupling sleeve screw is at its innermost
; free position,

2) Couple the connector coupling screw on

g :
lmmly - the underside of the 16093A (or 16093B)
e test fixture deck to the 4191 A UNKNOWN

e 18(mm] connector, and set the test fixture mount-

ing posts of the 4191 A into the twin holes
at the corners of the deck.

3) Rotate the UNKNOWN connector coupling

Model 16093A/B Residual Parameters . o
nut counter-clockwise until it is firm.

Stray | Residual | Residual | Stray 4) Loosen binding post terminal nut and con-
C L R G nect sample leads. Tighten the nut. For
16093A | 1.8 pF | 1.8 nH samples with banana plugs, plug the banana
See graph below plugs into the binding post terminal holes.
160938 | 55pF | 1.4nH
Notes:
40 4 I Set electrical length input dara to
< 0.34cm (idenrical for both 160934
— ~ and 16093B),
& 30} F6093A(R )~ 13
— 16093B(R ), = 2. A special, skirted, grounding terminator
o . = ’
5 Surnished with both the 160934 and
= 20 235 . - o )
= = B provides an optimuwm shorting con-
= [60G3A(G ) _ = figuration for rest fixture terminals.
v A © -
e, [0f 16093B{G )~ = For the use of these terminuators, refer
= to paragraph 3-37
0 e
c

| 0 100 1500
TEST FREQUENCY (MHz)

Figure 3-6. DUT Connection (Sheet 5 of 7).
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The 16094A Probe Test Fixture provides probing capability for measuring circuit impedances and com-

ponents mounted on circuit assemblies. The 16094 A permits easy access to test peint locations when it is

attached to an appropriate test cable (connected to the 4191A test port). This probe fixture unit can be

combined with a coaxial test cable or flexible air line which has an APC-7 connector. The probe needles

{consisting of sense and ground terminals) permit setting to appropriate distances from Imm (min.) to

15 mm (max.) for fitting dimensions of device/material to be measured. The 16094 A is suitable for measure-

ments at frequencies below 125MHz,

Note.

Use of a probe cable requires that the electrical length compensator of the tstrument he adjusted fo

optimize measurement accuracy af that particular measurement configuration. Replace the normal

electrical length compensator cable with a longer cable appropriate to the probe cable used. For the

electrical length compensation adiustment method, refer to paragraph 5-44.

Installation and measurement setup procedure:

1

4)

Build the electrical length compensator
cable appropriate to the probe cable (or
air line) used and insgall it in place of the
normal compensator cable.

Rotate the UNKNOWN connector coupling
nut clockwise until the coupling sleeve
screw fully protrudes.

Couple the probe cable connector coupling
nut to the 4191A UNKNOWN connector
and rotate the coupling nut clockwise until
it is snug

Connect reference termination at the tip of
the probe cable and perform auto-calibra-
tion for each of the 082, 08 and 508 termi-
nation impedances.

5) Disconnect reference termination and con-

nect 16094A (at the fip of test cable).

Nates:
1. Ser electrical length input data to
2.32 em.

2. A bhent coaxial probe cable causes a
slight change in iis physical and electri-
cal length from that in its straight form.
This has a low order effect on the
measured reflection coefficieni phase
angle and this effect increases at high
frequencies, To maximize measurement
accuracy, the auto-calibration should
be performed with the cable shape
{form} near that used in the actual
EdsUrement.

3-36

Figure 3-6. DUT Connection {Sheet 6 of 7).



https://www.manualsplus.com/

Model 16094 A Residual Parameters

Stray C *1.0 pF 100 5 ~
160944 (R)— E‘
3804 -4 L
. (=]
= =
Residual L 3 nH E 604 -3 =
- 16?94A(G) é’
2 401 i 2 3
I
Residual R E ' =
’ & 204 ], -'] E
i (%]
See graph _o" 0
10 100 1000
Stray G TEST FREQUENCY (MHz)

Note:

* Typical value when needles are set at a distance of 15mm.

The 16094A Probe Fixrure causes, as
do other general hand held probes, un-
avoiduble change in contact resistance
and stray admittance depending on the

contact pressure applied and the tilt of

the probe at the measurement object.
Accordingly, consideration of exact
residual parameter values is not practi-
cable.

Associated accessory:

Coaxial cable with APC-7 connector (62c¢m
long): P/N 8120-2291

Model 11605A Flexible Arm (maximum 2x-
tendability 64.8cm).

Figure 3-6. DUT Connection (Sheet 7 of 7).
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Model 4191A

Initial mode settings.

\T//A Basic operating procedures for measuring general components and

BASIC OPERATING PROCEDURE

Attach desired test ; i
fixture to UNKNOWN. these paragraphs. Instructions and operating procedures for semi-

electronic materials at a desired frequency point are described in

conductor measurements, deviation measurements, swept frequency

Enter ELECTRICAL
LENGTH number.

applications, with external dc bias or with an external test signal
source are provided in separate paragraphs, including information for
the appropriate setup arrangement and the special care needed for

Select DISPLAY A
parameter.

e

making a reliable measurement.

Select DISPLAY B
parameter.

A

Set SPOT FREQUENCY.

e

Connect sample to
test fixture.

Read display output.

PROCEDURE

)

Press LINE button to turn instrument on. In accordance with instructions in “Initial Mode
Settings” (Figure 3-5), prepare to take measurements with the 4191A. The preparatory
operations include the following sequential operating procedures and prerequisite setups:

1) Option annunciation

2) 10 minute warm-up

3) Initial control settings

4) TInitial calibration (as necessary)

If initial calibration is performed and is compiete, release the calibration function by pressing
CALIBRATION key (key lamp is extinguished).

Note: Test frequency (Spor frequency) stays at the frequency point where the calibration
ended. Verify that trigger lamp continues flashing.

Attach a 16092A, 16093A or 16093B Test Fixture on the 4191A test fixture instailation deck
mounting posts with UNKNOWN connector. If the 16091 A Coaxial Fixture is used, attach its
special coaxial coupling adapter to UNKNOWN connector. Attachment and mounting proce-
dures are described in Figure 3-6.

3-38

Figure 3-7. Basic Operating Procedure (Sheet 1 of 2).
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Figure 3-7

Press key and then ELEC LG key to activate electrical length data input function.
Enter the electrical tength number particutar for the installed test fixture through the DATA
input keys, then press ENTER key.

(Example} Electrical length = 0.34 cm.

REF A MHz o©m
ELEC LG v

Key strokes [.EJIOI['][:B]{A][ ]

An electrical length setting number of .34 will be displayed in Test Parameter Data Display.

Nore: If an undesived number has been set by an inadvertent key stroke or if it is needed to

change the input data, repeat the key stroke procedure using appropriate number value.

Select the desired DISPLAY A parameter by pushing @ or @ (up-down) key. Para-
meter indicator lamp lights on the selected parameter.

If necessary, select the desired DISPLAY B parameter (compatible with the DISPLAY A para-
meter selected in step 5) by pressing @ key.

Press PARAMETER SPOT FREQ/BIAS key to activate test frequency setting function. Enter
the desired test frequency number through the DATA input keys. Press ENTER key.

{Example} Test frequency 10.7 MHz.

SPOT MHz om
FREQ/BIAS v

Key strokes [o]L]]{OIl][7][ 1

A test frequency setting of 10.7 will be displayed in Test Parameter Data Display.

Note: The test frequency can be set for 0.1 MHz minimum step resolution in the standard
unit and for 0.0001 MHz step resolution in option (002 units (0,2 MHz and 0.0002 MH=
for frequencies above S00MHz)

Connect the sample to be tested to Test Fixture.

Note: The appropriate sample holding method for each individual accessory test fixture Is
outlined in Figure 3-6.

Caution: Do not connect a charged capacitor as DUT or internal circuitry may be damaged.
The 4191 A will automatically display measured values of unknown.

Notes: 1. If «OF- display occurs, the sample value exceeds measurement range limit of the
selected measurement parameter. In such an occurrence, select another meagsure-
ment parameter capable of being measured for the sample tested {the reflection

Y| instead of JZ[Gr D instead

coefficient or a reciprocal parameter, for example,

of Q).

o~

If an error annunciation display occurs, vy again to set the instrument using ap-
pilay V ag

propriate procedure, Annunciation display meanings are summarized in Table 3-6.

3. If it is desired to change test frequency, key in new frequency value with DATA
input keys. If SPOT FREQ/BIAS key lamp is lit, this key need not be pressed.

Figure 3-7. Basic Operating Procedure (Sheet 2 of 2),
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DEVIATION MEASUREMENT

When many components of similar value are to be tested, it is sometimes more practicable to measure
the difference between the value of the sample and a predetermined reference value. Besides, when
the measurement purpose is to observe sample values versus the variance of the sample per degree
temperature, unit time or other test variables, a direct measurement of this difference makes ex-
amination much more meaningful and easier. The deviation measurement function permits such
repetitive calculations of the difference between the reference and each individual sample and displays
those results instead of the sample values. The 4191 A can make a deviation measurement for either
or both DISPLAY A and/or DISPLAY B parameter measurements. Reference value(s) can be taken
from a measurement for a reference sample or from input data through the DATA keys.

PROCEDURE

1. Perform appropriate procedures to make a normal measurement for the sample(s) to be
tested In accord with the Basic Operating Procedure (refer to Figure 3-7).

Setting reference value

2. Enter reference value(s) for DISPLAY A and/or DISPLAY B parameter deviation measure-
ments using procedure A or B described below:

A: Reference sample data input.

a. Connect the reference sample to Test Fixture and take one measurement of the sample.

b. Press key, then press STORE DSPL A/B key.

STORE
pSPL A/B

Key strokes [Z]

B: Reference value data input.

a. Press REF A key to enable memorizing reference value for DISPLAY A parameter.
If a deviation measurement is desired for a DISPLAY B parameter only, press REF B
function key.

Note: When reference value data has not previously been memorized for the selected
measurement parameter, an Err-06 agnnunciation figure will appear in Test
Parameter Data Display. This error message display disappears simultanecusly
with the first DATA key stroke for entering a reference value.

b. Set reference value number on the Test Parameter Data Display through the DATA
input keys.
¢. Press ENTER key.

(Example)} Reference value 20.5(Q).

REF A MHz cm
ELEC LG

Key strokes mmlolll[S][V l

Figure 3-8. Deviation Measurement {Sheet 1 of 2),
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If necessary, set reference value number for DISPLAY B parameter similar to that

for DISPLAY A.

d.

[Deviation mode selection}

3

4.

Activate A/A % function to make deviation or percent deviation measurement for the desired

measurement parameter using procedure A or B described below:

A: Deviation measurement (A)

Press A/A % key located alongside either DISPLAY A or DISPLAY B (or press both keys)

to initiate deviation measurement for the sample(s) to be tested.

The deviation calculation follows the equation below:
D=M - R

Where, D is deviation to be displayed.
M is measured value of the sample.

R is reference value.

B: Percent deviation measurement (& %

Press key, then press A/A % key located alongside either DISPLAY A or DISPLAY
B (or press both keys).
The percent deviation calculation follows the equation below:

M~-R
D =g X 106 (%)

Where, variables D, M and R are the same as those in procedure A above.

To release the A or A% function mode of operation, again press the delta key(s):
A/A%

A Key stroke
NPD/F AAAY

A%: Key strokes

When the A/A % function key Is pressed, the measurement range is automati-
cally fixed (RANGE HOLD key lamp lights). The range hold function continues
holding the range even after the deviation measurement function is released.
To restore to auto ranging mode of operation, again press RANGE HOLD key.

[

Notes: I

2 The reference input data can be monitored on the Test Parameter Duta Display

by pressing REF A or REF B key.

Figure 3-8. Deviation Measurement (Sheet 2 of 2).
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SWEPT FREQUENCY MEASUREMENT

A swept frequency measurement permits measuring sample values
over a band of test frequencies and, in addition, offers other useful
data which can be obtained only by an examination of the varia-
tions in sample values relative to its dependency on the measurement
frequency. Some swept measurement advantages are, for example,
that it provides significant clues in analyzing the properties of material,
that it enables the detection of behavior peculiarities of samples and,
that it facilitates the evaluation of quality or of the performance limits
of devices. This paragraph describes the procedures for making a swept

frequency measurement using the digital frequency sweep capability

of the 4191 A.

Initial mode settings.

—

Attach desired test
fixture to UNKNOWN.

Enter ELECTRICAL
LENGTH number.

Select measurement
parameter.

Set SPOT FREQUENCYJ

e

Set START FREOUENCE;_J

e

PROCEDURE

Logarithmic

l
Set STOP FREQUENCY.

Freguency step? Linear

function.

Manual

Set LOG SWEEP

Set STEP FREQUENCY.

Connect sample to
test Ffixture.

Operating mode? Auto

manually.

1. Press LINE button to turn instrument on.

2. In accordance with instructions in “Initial Mode Settings” (Figure 3-5), prepare to take
measurements with the 4191A,

3. Set 4191A controls and do measurement setup according to Basic Operating Procedures
(Figure 3-7) steps 3 through 7.

Sweep frequency

Start single sweep
measurament.

Release sweep
function.

3-42
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| START FREQUENCY

4.  Press PARAMETER START FREQ/BIAS key.
Set the lowest {bottom) frequency number of the desired sweep frequency range with DATA
input keys. Press ENTER key.

(Example)  Start frequency = 5.0MHz

START MHz cm
EREQ/BIAS v

Key strokes
-] 0] O

A start frequency setting of 5.0 is displayed in Test Parameter Data Display.

Note: All sweep frequency parameter values can be set with (. IMHz minimum step resolution
in the standard unit and with 0.0001MHz step resolution in Option 002 units.

[STOP FREQUENCY

5.  Press PARAMETER STOP FREQ/BIAS key.
Set the highest {top} frequency number of the desired sweep frequency range with DATA
input keys. Press ENTER key.

(Example) Stop frequency = 600.0MHz

STOP MHz com
FREQ/BIAS v

Key strokes [-])[6][o]{o] ]

A stop frequency setting of 600.0 is displayed in Test Parameter Data Display.

STEP FREQUENCY |

6. Perform procedure a or b depending on the desired sweep mode.

— LINEAR SWEEP —

a. Press PARAMETER STEP FREQ/BIAS key.
Set the desired step interval frequency number with DATA input keys.
Press ENTER key.

Note: Measurement Is taken, in rurn, at the frequency points arranged at the regular
step frequency intervals while the swept frequency measurement proceeds.

(Example) Step frequency = 2.5 MHz

STEP MHz cm
FREQ/BIAS v

e (@EOE O

A step frequency setting of 2.5 is displayed in Test Parameter Data Display.

Figure 3-9. Auto-sweep Frequency Measurement {Sheet 2 of 5},
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Note: When step frequency setting is 0.1 MHz (100 Hz in Option 002 unit), the test
frequency is swept in 0.2MHz (200Hz) step intervals at [Jrequencies above
SO0MHz (because maximum frequency resolution qualifies the useable step
frequency).

— LOGARITHMIC SWEEP —

b. PRESS key to actuate the blue label function. Next press LOG SWEEP key
(DATA input decimal point key). An indicator lamp above the key lights.

LOG
SWEEP

Key strokes EJ

Note: Logarithmically swept frequency measurements arve taken at a fotal of 51 fre-
quency points which are automatically selected qt logarithmically regular fre-
quency intervals in the start and stop setting frequency range (STEP FREQ
function is deactivated).

CORRECTICN OF FREQUENCY SETTING

If an undesired frequency number has been set by an inadvertent key strokes or if
it is needed to change a preset frequency, repeat the procedure for entering start,
stop or step f{requencies (steps 4, 5, or 0) using correct frequency number. Loga-
rithmic sweep mode of function can be released by again pressing thekey and
LOG SWEEP key.

Note: If either the start, stop or step frequency input number exceeds the selectable fre-
quency range fimits, an error annunciation figure appears in Test Parameter Data
Display and the ingppropriate control input demand is automatically released.

7.  Connect the sample ta be tested to Test Fixture.

| MANUAL or AUTOMATIC SWEEP |

— (MANUAL SWEEP) —

8. Press SWEEP FREQ/BIAS STEP E] or [Oj key to initiate measurement. Pressing and
holding the STEP @ or @ key advances the sweep frequency measurement to a higher
or lower frequency direction (from the programmed spot frequency), respectively. If the spot
frequency is outside the programmed sweep range, E-04 annunciation is displayed. The test
frequency can also be shifted in step frequency intervals each time the key is pushed. A re-
verse direction sweep is also feasible,

Figure 3-89, Auto-sweep Frequency Measurement (Sheet 3 of 5).
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Note: When FAST key is pressed simultaneously with the STEP @ oF @ key, the
step frequency interval is expanded to ten times its programmed value in linear

sweep maode or [o one-fifth the frequency points in logarithmic sweep mode.

- {AUTO SWEEP)—

Press key, then press SWEEP FREQ/BIAS @ or @ key to initiate an automatic
sweep frequency measurement.

AUTO sweep indicator lamp above the @ key lights simultaneously and stays lit while
the auto sweep mode of function is being set. Pressing @ key starts a single sweep fre-
quency measurement from the programmed start frequency (bottom frequency) in the higher
frequency direction, The frequency sweep ends at the stop frequency point (top frequency
of the sweep range).

Pressing @ key advances frequency sweep in the reverse direction (from the top fre-

quency towards a lower frequency).
Note: RANGE HOLD function is automatically set.

Swept test frequency is displayed in the test parameter data display.

SWEEP PAUSE

If it is needed to temporarily stop the swept frequency measurement at the desired frequency
step point, press kev, then press PAUSE key. To restart the measurements, again

press @ or @ key after pressing key.

The test frequency is successively swept.

Note: Sweep parameter value and sweep mode settings (linear, logarithmic, auto or manual)
can be changed when the PAUSE function is set.
Pressing @ or @ key sweeps frequency manually ("AUTQ” sweep indicator
lamp stays lit untii SWEEP ABORT key is pressed or unfil the frequency reaches
start or stop frequency point).
While automatic sweep advances, panel control keys except for SWEEP FREQ/BIAS
and SWEEP ABORT keys are deactivated.

Figure 3-9. Auto-sweep Frequency Measurement {Sheet 4 of 5.
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SWEEP ABORT |

Auto-sweep frequency measurement of operation is automatically refeased when a single swept
measurament ends. To release the swept frequency mode of operation before the measurement
is complete, press key, then press SWEEP ABORT key.

SWEEP
ABORT

Key strokes: B

Note: SPOT frequency is automatically set to the frequency point where the swept frequency

measurement function is released.

Figure 3-9. Auto-sweep Frequency Measurement (Sheet 5 of 5).

— CONTINUOUS MEMORIZATION OF CONTROL SETTINGS {SAVE FUNCTION)

The 4191 A’s continuous memory capability permits
retaining the memory of desired instrument control
settings. Front panel control settings which are es-
pecially used for a particular application or are fre-
quently used can be memorized by the instrument
for repeated use of the same settings. Stored memory
data for the control settings are continucusly held
in event the instrument loses its operating power.

Note: Auto-calibration data prervequisite (o meas-
urements, test parameter values for sweep
measurements and reference values in devia-
tion measurements are also stored in the
CORLINUOGUS memory.

The memorized control settings and test parameter
input data can, at anytime, be again set into the in-
strument as its actual settings by merely pressing
two control keys. Two pairs of SAVE and RCL
functions allow one or two kinds of such specific
settings to be independently memorized and restored.
For storing the desired settings in the memory, pro-
ceed as follows:

1) Set front panel controls and test parameter
input data as appropriate for making the
desired measurement.

2} Press key and, next, press SAVE | or
SAVE 2 key. The instrument has now memo-
rized this particular set of control settings.

3) To restore the memorized control settings in
place of temporary setting, press key
and, next, press RCL 1 or RCL 2 key (to
actuate memory of SAVE | or SAVE 2 func-
tion, respectively).

Note: Auto-calibration data is automatically stored
in the memory in place of the preceding
calibration data each time the calibration Is
newly implemented (irrespective of the
SAVE function).

STAND-BY BATTERY

Rechargeable stand-by batteries provide long
term memory protection. The installed batteries
have the following capabilities:

Operating time: Battery operating time, capa-
ble of continuously protecting the memory,
is 7500 hours (typical) after a full charge.

Recharge: Rechargeable to full rate in 24 hours
after battery voltage falls below the operating
low limit.

Lifetime: 5 years {at 25°C)

The batteries are being charged anytime the in-
strument is being operated from an AC power
line (LINE button is depressed).
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3-256. ACCURACY

3-26. Accuracies for all measurement parameters are
dependent on the impedance accuracies of the reference
terminations (082, 0S and 308) employved for initial
auto-calibration. The total possible instrument error
consists of the errors related to instrument performance
limitations and the calibration errors which are domi-
nated by the particular quality of the individual reference
terminations. For achieving the best accuracy of the
instrument, the special coaxial terminations furnished
with the 4191 A were all developed with careful con-
sideration for both their impedance accuracy and fre-
quency dependency and are ready for use as calibration
standards. The 50 termination (HP Part No. 04191-
85301) of the accessory Reference Termination Set,
for example, embodies as its typical vector reflection
coefficient, a value of 0 and an accuracy to within
£{0.,0025 + j0O.00025) at any test frequency when
it is connected tc the UNKNOWN connector. The
specified 4191A accuracy is subject to calibration of
the instrument with the three reference terminations
supplied.

Note:

The accuracies are fypical values that apply when cali-
bration is done with the supplied accessory terminations
{vector reflection coefficient dccuracies specify the
coefficient in maximum test limir values). If other
terminations which have wmore dccurate reference im-
pedance values are gvailable, the measurement accuracies
can be enhanced.

3-27. The 4191A accuracies, as shown in Table 1-2,
are graphic representations of each measurement para-
meter, The accuracy graphs, other than the reflection
coefficient graph, show a characteristic common to all
the measurement parameters. The reason for this com-
mon characteristic is explained as follows:

The relationship of the reflection coefficient value to
the impedance value of the sample is graphically re-
presented in Figure 3-10. To simplify the discussion,
the reflection coefficient curve given in the graph pre-
supposes that the sample is resistive. As indicated by
the graph, the variation in reflection coefficient values
being detected per difference (ratio) in sample im-
pedance becomes smaller at both higher and lower
impedance values referenced to 508 (note: for both
low and high impedance values, [T'| = 1). Thus the
accuracy is optimum for measurements of nearly 508
impedance (|I"} = 0). Towards both the higher and
lower impedances, the accuracy drops at a continuous
gradient to the ends of the practicable range limits.

Section [Tt
Paragraphs 3-25 to 3-28

3-28. The 4191 A accuracies are specified under the
following measurement operating conditions:

1) Specifies reflection coefficient accuracy (I} - @
and T'x ~ 'y measurement accuracies). Accuracies
for other parameter measurements are given as
typical values in supplemental performance char-
acteristics.

2) Warm-up time: at least 40 minutes.

3) Auto-calibration properly completed using stand-
ard reference terminations.

4) Test frequencies identical to auto-calibration fre-
quency points {51 spots).

5) Environmental temperature:
23°C +5°C (allows temperature variation).
0°C to 35°C (at the constant temperature at
which auto-calibration is completed).

6} Measurement taken at UNKNOWN connector
(without using test port extension).

il

a1 2.5 1.0

T T T T T
G002 0000 100 008 5.05 &

Figure 3-10. Relationship of Reflection Coefficient to Impedance.
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3-29. ACTUAL MEASURING CIRCUIT.

3-30. The measuring circuit for connecting a test sample
to the UNKNOWN test port (that is, test fixture) actually
becomes part of the sample which the instrument meas-
ures. Furthermore, component leads, which should
essentially be of negligibly low impedance, also influence
the measured sample values because of the presence of
certain parasitic impedances. Diverse parasitic imped-
ang¢es existing in the measuring circuit between the UN-
KNOWN test port and the unknown device affect the
measurement result, These parasitic impedances are
present as resistive or reactive factors in parallel or in
series with the sample device. Furthermore, in the high
frequency region, the equivalent electrical length of the
measuring circuit, including component leads, rotates the
measured impedance vector as function of the test signal
wavelength, T.et’s discuss these effects which increase
measurement uncertainties.

3-31. RESIDUAL PARAMETER EFFECTS.

3-32. Figure 3-11 shows an equivalent circuit model of
the measuring circuit which includes unknown com-
ponent and parasitic parameters (usually called residual
parameters). These residual parameter effects cause two
kinds of measurement errors, which are described in the
paragraphs below.

Model 4191 A

1) Simple additive errors

When a component having a low value is measured at
relatively low frequencies, the measured value be-
comes the sum of the sample value and the residual
parameter values, The effects of the residual factors

are:
Cm = Cx + Cst
Lm = Lx + Lres
Rm = Rx + Ries
Gm = Gx t+ Gres

where, subscripts are:

m : measured value

x : value of sample

st : stray capacitance

res : residual inductance
(residual resistance)
(residual conductance)

Residual resistance and conductance affect dissipa-
tion factor and quality factor measurements because
they are included in the measured values as an addi-
tionatl loss.

To Test Port

Ri: Lead resistance

Re: Contact resistance

Rf: Residual resistance
of test {ixture

Li: Lead inductance

I.f: Residual inductance
of test fixture

C1, Cz: Stray capacitance

G : Residual conductance

M : Mutual inductance

Simplified Equivalent
Circuit Model

Measured impedance R + jX is :

_ R{1 + RGo} + Gox* + Ro
{1 - uCoX + RGo)® + [wRCop + GoX}?

R

N

sy s X{1 - wCoX) - wCoR? o
= {('! T CoX ¥ RGo)? + (wRCo + GoX)Z "’Lof

Figure 3-11.
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2) Reactive parameter interaction

Generally, residual inductance resonates with the
capacitance of sample (series resonance) and stray
capacitance resonates with inductance of sample
(paraliel resonance), respectively, at a specific high
frequency. Thus, the impedance of sample will have
some extremes corresponding te the resonant peaks
as shown in Figure 3-12. The presence of residual
inductance and stray capacitance causes measurement
errors as the phase of the measured (reflected) test
signal varies over the broad frequency region about
the resonant frequencies. Additional errors due to
this resonance increase in proportion to the square of
the measurement frequency (below resonant frequen-
¢y} and can be theoretically approximated by the
following equations:

L Lx Lm ~Lx s O
= or ~ W st
" 1 — w2 Lx Cst Lo e
Cx Cm - Cx
Cm = or = w? Cx Lres
1 — ?*Cx Lres Cm
where, w = 2uf (f: test frequency)
Cx = Capacitance value of sample

Lx = Inductance value of sample

At the resonant {requency, the phase angle of the
measured impedance vector is 0% (resistive imped-
ance). It the test frequency exceeds the resonant
frequency point, the measured inductance or capaci-
tance of sample becomes a negative value. In such
frequency region, the residual inductance or stray
capacitance dominates the actual measurement value.

1Z1
8
18007
90 T _ _
e -~ ~
o Paraliel ¥
0 Resononcel
\-...l
—90 Series
Resonance
~-180%-
freq

Figure 3-12. Effect of Resonance in Sample (example}.
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3-33. CHARACTERISTICS OF TEST FIXTURES

1) Electrical Length

The test fixtures are basically composed of two major
components — a coaxial coupling terminal and contact
electrodes (terminals) combined in one unit. The elec-
trical length value specified for each type of the fixtures
are calculated for the coaxial coupling terminal and does
not inctude the electronic factors in the electrodes.

As the coaxial coupling terminal section of the fixtures
is a “‘distributed constant™ circuit design (508), this fix-
ture section is virtually an extension of the test port. The
inherent effect in the coaxial coupling terminal on the
phase of the measured reflection coefficient value is
represented by the electrical length value particular to the
test fixture. On the other hand, the contact section, that
is, the spring clip contacts (16092A) and binding post
terminals (16093A) have individually different character-
istics from the 50§ “distributed constant™ test port.

2} Residual Parameters

The contact electrode (terminal)} section can not be
deemed as part of the ‘‘distributed constant” measuring
circuit. The portion of the measurement circuit length
which includes the test fixture contacts and sample leads
will also cause a phase shift in the measured reflection
coefficient vector. Then, how should this effect be
considered?

Generally, the “electrical length” concept should apply
to lines of equable “distributed constant” characteristics
such as coaxial lines and parallel feeder lines. The phase
shift due to the signal propagation length of the contacts
or terminals can be considered to be a virtual increase in
the residual inductance of the fixture. Actually, this
effect can not be easily discriminated from the residual
inductance effect. Various effects in the test fixture con-
tacts and terminals are considered as residual impedance
factors which contribute to measurement errors.

The coaxial terminals of the fixtures also have measure-
ment signal propagation losses in addition to rotating the
phase of the signal. As a correction calculation per-
formed on the basis of the electrical length input value
{by the 4191A) does not compensate for the residual loss
factors in the coaxial coupling terminal, these propaga-
tion losses contribute to measurement errors (in particu-
lar, in low impedance measurements). The residual
factors in test fixtures are illustrated in Figure 3-11.
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Measured sample values may differ depending on the
test fixture employed for the measurement. The dif-
ference in measurement results will increase in both
low impedance (below 100mQ) and high impedance
(above 100) measurements, However, all of those
differences may occur unless measurements are properly
corrected for the residual impedances inherent in the test
fixture used.

3-34. CONSIDERATIONS IN CERTAIN MEASURE-
MENTS

3-35. To minimize measurement uncertainties, con-
siderations should be taken for decreasing the residual
parameters to the lowest possible magnitude. To further
reduce the residual parameter effect contributing to
measurement errors, various correction methods and cal-
culations can be used with respect to the measured
sample value. These are outlined below:

1) Component lead impedance is a lower value for a
shorter lead length. Connect sample to test fixture
contacts (terminals) so that lead length is minimum.

2) Additional measurement errors due to residual para-
meters inherent in the test fixfure canbe compensated
for by using correction calculations. When the effects
are simple additive errors, a subtraction measurement
should be used. The practical correction method for
these kinds of errors is outlined in paragraph 3-37.

Note:

Basically, an attempt to corvect the measured values
for all existing residual parameter effects is not
practicable, This is becaquse some parameters, such as
lead impedance and stray capacitance, are peculiar to
the component measured, Their values depend on
component lead length and on the distance befween
the sample and test fixture. The measurement results,
then, are substantially the sample values including rhe
parasitic impedances present under the conditions
necessary to connect and hold the sample.
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3-36. ELIMINATION OF RESIDUAL PARAMETER
EFFECTS IN TEST FIXTURE

3.37. The measuring circuit for dealing with an imped-
ance vector in the rf region employs a two terminal DUT
connection configuration. Since the two terminal con-
nection method includes composite residual impedances
in its measuring circuit arrangement. its applicability in
precise, low frequency impedance measurements is
limited to a narrow range in both sample value and fre-
quency. On the other hand, for measurements at rf test
signal frequencies, the two terminal method has the ad-
vantages of accuracy with ease of handling which comes
with the simplicity of the DUT connection arrangement.
Contact resistance, distributed admitiance (stray capaci-
tance and conductance) and electrode impedance (re-
sidual resistance and inductance) of the test fixture used
still affect the measurement in the rf region. The addi-
tional measurement errors inherent in the test fixture
should be considered when evaluating actual measurement
accuracy. The residual parameter effects are outlined
in paragraph 3-32.

All 4191 A accessory test fixtures are designed with care-
ful consideration of the residuals to ensure minimum
incremental measurement error. The characteristics of
these fixtures exhibit low level residual impedances and
broad usable frequency ranges as well terminal structures
suitable for the particular use of the individual fixture.
Reliability of the measurement can be further enhanced
if proper compensation is made for the residual imped-
ances peculiar to the test fixture used. Typical residual
parameter values for each individual test fixture are given
in Figure 3-6. The compensation subtracts the error
value from the measured values using appropriate correc-
tion calculations for the given residual parameter data
(refer to paragraph 3-32).

Note: The 160914 Coaxial Fixtures need no compen-
sation.

3-38. Actual values of the residuals can be approxi-
mately ascertained by taking measurements when the test
fixture terminals (contacts) are appropriately terminated
in their short or open conditions. To facilitate shorting
the fixture at minimum impedance, a special grounding
terminator is furnished with each of the 16092A and
16093A/B Test Fixtures.

Section 1l
Paragraph 3-36 to 3-38

1) Distributed admittance
For stray capacitance and distributed conductance,
take a measurement in the C-G (capacitance-con-
ductance) mode with nothing connected to the test
fixture. When the 16092A Spring Clip Test Fixture is
used, set contact distance near to the dimension of
the sample to be mounted in the fixture.

2) Electrode impedance

Residual resistance and inductance are measured in

the L-R (inductance-series resistance) mode when the

test fixture is short-circuited.

16092A: Remove slide clip contact (twin clip con-
tact) assembly from the test fixture deck. Attach
the special grounding electrode, with its concave
side down, to test fixture positive contact post
with its screw.

16093A/B: Remove binding post nut of the drive
potential (positive) terminal and attach the special
grounding electrode with its concave side down.
Tighten the electrode to the terminal with the
binding post nut.

Note: The measured resistance and inductance values
are approximate values of the electrode im-
pedance.

The measured residual parameter values can be offset
from the measurement readouts for a sample of like para-
meter measurements. The deviation (&) function facili-
tates the subtraction measurement. Store the measured
residual parameter values as reference vatues of the devia-
tion measurement. The deviation provides display
outputs of correct sample values as the measured value
minus the memorized residuat parameter value, This cor-
rection method can only eliminate the simple additive
eTTOrS.

Note: The residual jactors can be cancelled only for like
parameter measurements (for example, stray
capacitance can he subtracted only in capacitance
measurements).

Measurement errors due to interaction of residual
reactive elements, which incredse in proportion o
the sguare of the test frequency, can not he can-
celled by the method outlined above,
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3-39, UNKNOWN TERMINAL CONVERSION.,

3-40. When the measurement objective is to fest commu-
nication devices such as rf circuit modules and antennas,
an appropriate terminal conversion adapter is sometimes
needed to interconnect such a device to the UNKNOWN
connector. To adapt the test port fo N type, BNC, SMA
(SMB, SMC), GR900, GR874 or other type connectors of
the device to be measured, attach an adequate terminal
converter to the UNKNOWN connector. Possible in-
sertion losses, phase shift and/or a reflection of the test
signal in the terminal converter used are all undesirable
factors which contribute to incremental measurement
errors. The effects of these error factors can be elimi-
nated from the measurement results by performing
an auto-calibration with the precise terminations com-
binable with the terminal converter. The terminations
used should be of an impedance accuracy equivalent to
the accessory reference terminations in the required
calibration frequency range. If the test port needs to
be extended (in addition to the conversion of the UN-
KNOWN connector), perform an auto-calibration at the
tip of the extension line (refer to paragraph 3-44 for
extension of the test port}).

Note:

1. If appropriate precise terminations with the desired
coupling connectors are unavailable, calibrate the
instrument with the reference rerminations and then
attach the terminal converter. Enter the rated value
or the measured value of the electrical length for the
terminal converter. To minimize ncremental meas-
urement errors, use a rermingl converter which has
a low inherent VSWRY value.

*VSWR ralue of terminal converfer causes, if not pro-
perly  compensated, additional measurement error
ncredse,

g

Generally, characteristic impedances of terminal con-
verters (also, ordinary connectors and lines) vary their
values in the relatively low frequency region. Figure
3-13 shows an example of terminal converter imped-
ance characteristics. Atlow frequencies, the impedance
increases as the frequency decreases. The Impedance
approaches a constant value (nominal value) at higher
frequencies.
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3-41. STANDING WAVE RATIO MEASUREMENT.

3-42. An incident wave traveling along a propagation
line toward the load interferes with the returned wave as
the result of partial reflection at the load. This interfer-
ence of the incident and reflected waves produces a
standing wave which is distributed along the line. To
represent the magnitude of the standing wave, a VSWR
{Voltage Standing Wave Ratio) value is used. The VSWR
is defined as the ratio of the amplitude at the antinode to
the wave node of the standing wave.

VYmax

Ymin
Reflected wave

-

é % Load
Standing wave

Vmax

Incident wave
——e T

VSWR = -
Vmin

The VSWR measurement is popular, in particular, for
evaluations of antenna efficiency. As the magnitude of
the standing wave depends on the density of the reflected
wave, the VSWR values correlate with the reflection co-
efficient values, This relationship is represented by the
following equation:

1 + |

VSWR = ————
I = |F]

(>1)

when \ "] value is 0, a reflected wave is not produced and,
thus the VSWR value is 1.
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3-43. EXTENSION OF TEST PORT

3-44. Occasionally the test port needs to be extended to
the DUT measurement point such as when measuring
coaxial switches, wide band attenuators, antennas, rf
amplifiers, integrated microcircuits, semiconductor devices
and other devices which cannot be directly connected to
the UNKNOWN connector or to the accessory test fix-
ture. In these cases, the measurement can be accomplished
with a simple meodification to the procedure and to the
setup arrangement without the need for correction calcu-
lations to the measured values for the effects of the test
port extension, The operating procedure, here outlined,
is an example using a 508 air line extention.

Notes:

[. To minimize any drop in measurement accuracy, the
air line used must have a VSWR (voltage standing
wave ratio} value of 1 at a high accuracy when it is
connected to the UNKNOWN connector. Any im-
pedance mismarch incident to the connection causes
medsurement error, to d certain extent, to increase.

2. Test port should not be extended more than Im.

When an air line extension whose e¢lectrical iength
number (rated value) is € is connected to the UNKNOWN
connector, perform the following procedures to take a
measurement of the sample connected to the other end
of the air line:

Electrical length compensator.
(inside panel),

Section [t
Paragraphs 3-43 and 3-44

Electrical length compensation

When the electrical length {2) of the air line extension ex-
ceeds either 1/8 wavelength of the test frequency signal
or 10cm (approximately), calibration error increases
because of a phase shift in the test signal (incident and
reflected waves) propagating in the air line. Thus, mea-
surement error increases. It appears as an artificial un-
dulating fluctuation of reflection coefficients in the
normal frequency-reflection coefficient locus.

To minimize the measurement errors, a semi-rigid cable
electrical length compensator housed in the test fixture
installation deck is interchanged with a longer cable
assembly:

1} Prepare semi-rigid cable with miniature SMA con-
necters measuring 1.4¢ long plus 5.3 cm as illus-
trated.

2} Remove the two retaining screws and remove blind
panel on the deck. The semi-rigid cable compen-
sator will appear in the panel hole.

3) Loosen rigid cable connector coupling nuts (two)
and pull cable out.

4) Connect the long semi-rigid cable in place of the
existing cable assembly. The blind panel can not be
attached while the extended compensation cable is
being used.

Note: The [.4% length is the product of two times
Q fsum of air line electrical length for an in-
cident wave and that of the reflected wave)
multiplied by the ratio of the wavelength in
semi-rigid cable to that in a vacuum (approxi-
mately 0.7). Thus, the electrical length of the
semi-rigid cable compensator is equivalent to
that of an air line extension.

The cable length af the semi-rigid cable com-
pensator heed not be a precisely calculated
value (within +2 cm).

Semi-rigid cable 141" O.D.
/ (User fabricated)

B

2.5¢cm 1.44+5.3cem

HE —/

Y3 A connector (PAN: 1250-1353)

Semi-rigid cabkle E/L compensuator.
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Calibration

Perform auto-calibration with each termination (00, 085
and 50$) connected to the air line extension.

Electrical length data input

Enter the electrical length number of the test fixture con-
nected to the air line (the value for the air line should not
be used).

Note: When reflection coefficient { o), measured at the
UNKNOWN connector, is taken as a reference,
the reflection coefficient measured at the air line
end is theoretically represenred by the following
equation:

FQ = Foe'z (&+}6)Q

Where, phase constant § is

,
] :—-7\— (& = test signal wavelength)

o is the attenuation coefficient of the air line.

The above equation indicates that the magnitude of the
vector reflection coefficient is attenuated by e-2¢% as well
as its phase angle shifts by 2% =4#£/ ) (radians).

When a calibration is performed at the end of the air
line, the reflection coefficients 120 (0Q) and 1L7 (0S)
references shift by the attenuation and the phase angle
(289} as illustrated in the Smith Chart below:

1ea

As the auto-calibration detects both the attenuation and
the phase shift, measured values are automatically com-
pensated for these effects in the air line extension.

However, a large shift in the phase angle increases com-
pensation errors. The semi-rigid cable electrical length
compensator acts to cancel the effects of the air line
extension by modifying the measuring circuit.
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CONFIRMATION OF PROPER
ELECTRICAL LENGTH COMPENSATION

A user constructed electrical length compensator can be
easily checked to determine whether it can fit the ex-
tended measurement circuit. Proceed as follows:

1) Perform auto-calibration for the desired test fre-
quency range without using air line extension.

2) Connect air line extension to be used and the elec-
trical length compensator to the 4191 A.

3} Set the 4191A function to |I'| -6 measurement
mode.

4) With 0S standard termination connected at the tip
of the air line extension, perform a swept frequency
measurement at 20MHz step frequency intervals {in
the calibrated frequency range).

5) Monitor DISPLAY B display outputs. The display
readouts should be within -00.00 £ 90 degrees at any
step frequency point. If a displayed value exceeds
90.00 counts, a shorter electrical length compensator
should be used and, if it exceeds a negative 90.00
counts, a longer compensator cable will provide a
more appropriate compensation magnitude.

Note

MEASUREMENT WITHOUT
E/L COMPENSATOR

If measurement condition allows using the
test frequencies identical to the
auto-calibration frequency points, it is
possible to make accurate measurements
without replacing the electrical length
compensator., Perform as follows :

1} Conneet reference termination at the tip
of the extended test port and perform
the auto-calibration for each of the 0f,
0S and 509 termination impedances.

2) Connect test fixture at the tip of the
extension line.

3) Enter the specified electrical length
value for the test fixture used.

4) Select the desired test frequencies from
among the auto-calibration frequencies
and perform measurements.
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3-45, SETTING OPEN CAPACITANCE DATA

3-46. To eliminate the effects of stray capacitance
present at the center and outer conductors of the UN-
KNOWN connector from the parameter values measured,
the stray capacitance value is used in the error correction
calculations which are based on auto-calibration data.
The 4191A stores a typical capacitance value of the
“open’ connector--0.082 pF in its continuous memory.

When the open capacitance value is changed from its
typical value by using a terminal converter or when
special test apparatus is connected to the UNKNOWN, a
new appropriate value can be temporarily memorized to
be used instead of the programmed value. A concealed-
open capacitance input function allows setting the
capacitance value up to 1.000 pF in 0.001 p¥ (minimum)
steps,

Note: The open capacitance data should not be changed
to a different value for each accessory test fix-
ture. The typical stray capacitance value of the
fest fixture should be considered as a residual
Jactor contributing to measurement error.

PROCEDURE

1) Push LINE butten to turn instrument off.

2} Loosen top cover retaining screw at rear center
of the cover and remove top cover.

3) Turn the two captive fasteners of the top shieid-
ing panel 90 degrees counter-clockwise to unlock
the panel. The fasteners are located at the front
side of the panel.

4y Lift up front side of the hinged top shielding panel
on its hinged pivots. Set panel at its rear stop posi-
tion. Note the major circuit board at the underside
of the panel.

Séction 1T
Paragraphs 3-45 and 3-46

5) Change the second bit switch of switch S3 (labeled
“C” on the circuit board) to its opposite position
as illustrated below:

0000080 |,

Caution: Do not change other bit switch positions.

6) Push LINE button to turn instrument on and per-
form 10 minute warm-up.

7y Press front panel key. Next, press REF B
key.

8) Set the appropriate capacitance value (<1 pF) with
DATA input keys. Press ENTER key. This enters
the capacitance input value.

The volatile memory of the capacitance input data is lost
when the instrument is turned off.

Note: The open capacitance value can also be set by
HP-IB conrrol{data inputr command.
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3-47. INTERNAL DC BIAS {0+ 40V}

3-48. The 4191A is esquipped with an internal pro-
grammable dc bias supply controllable from 0.00V to
+ 40.00V. This provides step bias voltage control in
10mV increments over the entire controllable range as
well as providing an accurate voltage setting capability
(x0.1%) to facilitate up-to-date utility in uses which
demand precision bias voltage control such as in applica-
tions for the analysis of material properties and semi-
conductor testing. The bias can be programmed and
bias parameters memorized, further enhancing utility
of the internal bias supply.

In step bias control or bias voltage sweep measurement
applications, programmed bias control provides for
automatic measurements without the necessity of an
external bias source and bias controller.

Bias voltage setting and bias parameter programming can
be done either at panel controf keys or via an HP-IB
controller. This paragraph describes operating procedures
for the internal dc bias supply when using panel control
keys. For dc bias applications using HP-IB control, refer
to paragraph 3-59 HP-IB Compatibility.

Table 3-5. Bias Voltage Setting Ranges.

Spot bias voltage -40.00 — 40.00V
Sweep bias Step 0.01 —40.00V
voltage Start —-40.00* — 40.00V
parameters Stop —40.00*— 40.00V

*Note: When LOG SWEEP function is used, both the
Start and Stop voltage settings should be posi-
tive values (above 0.0] volts). Stop voltage
should be higher than Start voltage value.

Note

When a conductive sample is to be measured, actual
de hias voltage applicd to sample is lower because of
internal loading of bias circuit (approximately
1.4kQ ). A maximum current of 7.2mA can flow
through sample which has a low resistance fabout
Y3
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PREPARATIONS FOR DC BIAS OPERATION
Caution: Set dc bias switch to its off position.

1. Press LINE button to turn instrument on.

2. Set 4191 A controls and do measurement setup
according to Basic Operating Procedures (Figure
3-7 steps 1 through 9).

3. Set rear panel DC BIAS INT EXT switch to its
INT position.

4. Set DC BIAS switch on the 4191 A test fixture in-
stallation deck to its ON position.

Note: Internal dc bias voltage applied to sample is
automatically set to 0 volts when the instru-
ment is twmed on (initial settings).

Caution: When RCL 1 or RCL 2 function is acti-
vated, a memorized bias voltage setting for
previous measurement is restored. To avoid
a harmful voltage from being inadvertently
applied to sample, monitor the voltage set-
ting value by pressing key and
“PARAMETER SPOT FREQ/BIAS” key
before setting the DC BIAS switch!

Note: To monitor actual de bias voltage applied to
sample, connect a DVM ar reqr panel DC
BIAS EXT INPUT/INT MONITOR connecior.
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Figure 3-14

b3

USE OF STATIONARY (FIXED) VOLTAGE BIAS

To apply a stationary (fixed) bias voltage to sample, set the desired bias valtage in accord with the

following procedure:

Nore: Test frequency can be swept while using the internal de bias set to desired {spot) voltage.

Press key and PARAMETER SPOT FREQ/BIAS key to activate bias voltage setting

function.
Set the desired bias voltage number with DATA input keys. Press ENTER key.

(Example) Bias Voltage = 1505V

SPOT MHz cm
FREQ/BIAS

s (o) (o] (1) (3] (0 [0 (53 ()

A spot bias voltage of 15.05 will be displayed on Test Parameter Data Display.

Note: The inrernal dc bias voltage is applied to the sample just after the bias voltage value is
set by the front panel control kevs (requires no trigger sighall.

DC BIAS SETTLING TIME

It takes a maximum 100ms for dc bias voltage to reach more than 90% of the voltage setting

value when a 1uF capacitor sample is measured.
To change the bias voltage, repeat steps 1 and 2 to eanter new voliage value.

Note: If de bias is not needed, set front panel DC BIAS switch to OFF.

Figure 3-14, Fixed Bias Voltage Measurement.
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BiAS VOLTAGE SWEEP

The desired internal bias voltage range can be digitally swept in step voltage intervals set by bias para-
meter input data. The operating procedures for setting the sweep voltage parameter data and the
control of sweep mode operation are similar to those for a swept frequency measurement (described in

Figure 3-9). The appropriate procedures for using bias voltage sweep functions are outlined below:

Nate: Bias voltage cannot be swept while a swept frequency measurement is in process.

START, STOP, STEP VOLTAGESJ

1. Press key and PARAMETER START FREQ/BIAS key. Enter the low (bottom) voltage
number of the desired sweep bias voltage range with DATA input keys. Press ENTER key.
The start voltage setting is displayed in Test Parameter Data Display.

Note: When logarithmic sweep function is used, a positive voltage number (ahove 0.01) must
be entered as the start voltage.

Similarly, enter Stop, Step and Spot voltage numbers in accord with the key stroke tabulation

below:
Key strokes
Parameter : -
Function key DATA key input Enter
- MHz c©m
FREO/‘BIAS Enters low voltage number of v
Start
- B sweep voltage range. i:]
. MHz cm
Stop FRED."BIAS Enters high voltage number of v
- E] sweep voltage range. (:]
MHz cm
*Step - r':f]’\s Step interval voltage number. VD
i MHz cm
Spot FREO,’E Desired voltage number be- v
. - tween Start and Stop voltages. C]

Note: [If the start voltage is ¢ negative number, the start voltage should be lower than stop
voltage as illustrated below:

Low voltage limit ]*——— Sweep range —-i High voltage limit

L L H 5 |
20V START oV STOP 40V

*Note: Step voltage number need noi be entered when logarithmic sweep function is used.

Figure 3-15. Swept Bias Voltage Measurement (Sheet 1 of 3).

Model 4191A
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— LOGARITHMIC SWEEP —

Press key and LOG SWEEP key (DATA input decimal point key). Indicator lamp above
the key lights.

Note: Logarithmic sweep bias voltuge measurements are faken at a total of 31 voltage points
which are automatically selected at logarithmically regular voltage intervals in the start
and stop setting voltage range. (STEP VOLTAGE function is deactivated),

MANUAL or AUTOMATIC SWEEP

2. Bias voltage can be swept manually or automatically using the following procedure:
— [MANUAL SWEEP} —

a. Press SWEEP FREQ/BIAS STEP i 1 |or | {3 | key to initiate measurement. Pressing and
holding the STEP | > |or | & | key advances the sweep bias voltage measurement in a
higher or lower voltage direction (from the programmed spot bias voltage), respectively. If

the spot voltage is outside the programmed sweep range, E-04 annunciation is displayed.
The bias voltage can also be shifted in step voltage intervals each time the key is pushed. A
reverse direction sweep is also feasible.

Note: When FAST key is pressed simultaneously with the STEP @or @ key, the
step voltage interval is expanded to ten times its programmed value in linear sweep
mode or {0 one-fifth the voltage points in logarithmic sweep mode.

- [AUTO SWEEP) —

a. Press key, then press SWEEP FREQ/BIAS @or @ key to initiate an automatic
sweep bias voltage measurement. AUTO sweep indicator lamp above the @ key lights
simultaneously and stays lit while the auto sweep mode function is being set. Pressing
[—_{__}__] key starts a single sweep bias voltage measurement from the programmed start
voltage. The voltage sweep ends at the stop voltage point. Pressing @ key advances
voltage sweep in the reverse direction (from the stop voltage towards start voltage).

Note: RANGE HOLD function is automatically set.

SWEEP PAUSE

If needed to temporarily stop a sweep bias voltage measurement at a desired voltage step point, press

key, then press PAUSE key. To restart the measurement. press (8le]key and again press @
or @key. The bias voltage is successively swept.

Figure 3-15. Swept Bias Voltage Measuremet (Sheet 2 of 3}
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Note: Sweep parameter value and sweep maode sefrings (linear, logarithmic, auto or manual) can be
changed when the PAUSE function is set. AUTO sweep indicaror lamp stays lit until SWEEP
ABORT key is pressed or until the bias voltage reaches start or stop voltage point.

While automatic sweep is advancing, panel control keys except SWEEF FREQ/BIAS and
SWEEP ABORT keys are deactivated.

[SWEEP ABORT |

Auto-sweep bias voltage measurement of operation is automatically released when a single sweep meas-
urement ends. To release the bias voltage sweep mode of operation before the measurement is com-
plete, press key, then press SWEEP ABORT key.

Note: Spot bias voltage is automatically ser to the voltage point where a sweep bias voltage measure-

ment function is released.

Figure 3-15. Swept Bias Voltage Measurement (Sheet 3 of 3).

RECORDING SWEPT FREQUENCY/BIAS MEASUREMENTS

Measured value of swept frequency (or bias voltage) measurements can be recorded in graphic format
with an X-Y recorder (analog recorder output option) or with a plotting instrument interfaced with an
HP-IB controller. To proportion the analog recorder output for display output and to prevent the in-
strument from changing range during recording, the RANGE HOLD ftunction is set. This fixes the

decimal point position during an auto-sweep measurement.

On the other hand, display output (and recorder output) may overflow the selected range when meas-
uring a sample whose values vary greatly {(such as varactor diodes, resonators, etc.). In such cases, the
RANGE HOLD function may be manually released. Auto-ranged measurement output data can be
processed by an HP-IB computing controller into an appropriate format for plotting with a graphic
recorder.

To release the RANGE HOLD function in auto-sweep measurement, perform the following:

1) Press key and SWEEP FREQ/BIAS PAUSE key to temporarily stop sweep operation just
after the auto-sweep measurement is initiated (AUTO sweep indicator lamp lights).

2) If test frequency or bias voltage has advanced a few step intervals, reset it to the sweep start
point by pressing SWEEP FREQ/BIAS @ or [E] key.

3) Press RANGE HOLD key to release the function (key indicator lamp is extinguished).

4)  Press key and @ or @ key to restart the sweep measurement.

3-60


https://www.manualsplus.com/

Model 4191A

Section

Figure 3-16

DC POWER SUPPLY

EXTERNAL DC BIAS OPERATION (< 40V)

To make measurements of capacitance, inductance or resistance samples using external dc¢ bias volt-
ages up to + 40V, connect an external dc bias supply as shown in diagram.

To DC BIAS EXT INPUT/INT MONITOR connector
4191A

_.._—1 I «- To center conductor

Current
meter

S

\_ P

b o

]

h

0.

PROCEDURE

Caution: Initially set DC BIAS switch on the 4191A test fixture installation deck to its OFF position.

Set 4191 A rear panel DC BIAS INT EXT switch to EXT position.

Connect an external dc bias supply to tear panel DC BIAS EXT INPUT/INT MONITOR

connector as illustrated.
Caution: Fxternal dc bias supply output voliage should be set at zero volts.
Depress LINE button to turn instrument on.

In accordance with instructions in “Initial Mode Settings™ (Figure 3-5), prepare to take meas-
urements with the 4191A.

Set 4191 A controls in accord with Basic Operating Procedure (Figure 3-7) steps 3 through 7.
Connect sample to test fixture.

Caution: Do not connect a charged capacitor as DUT or internal circuitry may be damaged.
Set DC BIAS switch on 4191 A test fixture installation deck to its ON position.

Set dc bias supply for the desired output voltage (below + 40V).

Caution: Never apply an external dc bias over + 40V,

Read 4191 A display output.

Figure 3-16. External DC Bias Circuits (Sheet 1 of 2).

3-0i
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BIAS VOLTAGE SETTLING TIME

The bias voltage seftling time required for a de¢ voltage across a capacitor sample to reach
more than 90% of the applied bias voltage, is less than 1ms for a 1uF capacitor.

DC BIAS VOLTAGE MONITOR

When it is desired to monitor actual dc voltage across the conductive sample being measured,
read bias current flowing through the sample on a current meter connected between dc bias
supply and the rear panel DC BIAS input connector. The effective bias voltage can be cal-
culated by the following equation:

Eb = Eo — 0.39 - lm (V)

where, Eb is dc voltage across the sample.
Eo is dc bias supply output voltage.

Im is current meter reading in mA.

Inaccuracy of the calculated current value is £ 0.04 - Im (disregarding current meter accuracy).

Note: Maximum bias current which can flow through sample is 100mA (when bias input volt-
age is 40V).

3-62
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RF TRANSISTOR MEASUREMENTS

The use of accessory transistor fixtures with the 4191A will facilitate the input/output impedance
measurements of bipolar and field effect transistors and will enhance measurement accuracy and
resolution at frequencies up to 1000 MHz. HP models 11600B, 11602B and 11608A Transistor Fix-
tures are especially matched to the 4191A and are useful in making measurement of transistors pack-
aged in TO-5, TO-12, TO-18, TO-71 type or micro strip-line structures. The 4191A can measure
transistor characteristic parameters corresponding to S (Scattering) parameter elements Sp and Sp
with the fixture. To cause the desired operating current to flow the sample transistor, an external
auxiliary bias supply can be used in combination with the internal bias supply.

Note: S parameter elements Siz and Sz can not be measured {these parameters are enabled by an-
other instrument capable of measuring transmission coefficients).

St Joint Calibralion ¥lane
1191A / A . \
Atr Line
¥ ;

Q’ Transislor Fidture

UNK

Iransistor ©

Bias Supply

N
500 Re fi ence Bias
Termination e twork
Recommended test fixtures
Accessories Model Characteristics
116008 For TO-18 and TO-72 transistors
Transistor Fixture 11602B For TO- 5 and TO-12 transistors
11608A For strip ling transistors
85426A 0.1 to 500MHz, 70V max, 750mA max.
Bias Net k
1as etwor 11589A 100 to 3000MHz, 100V max, S00mA max.
Air Line Extension 11566A APC-7 connector, 10cm
Coaxial Swivel Joint 11588A APC-7 connector
Transistor Bias Supply 87178 100V max, 1A max.

Figure 3-17. RF Transistor Measurements {Sheet 1 of 2).
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PROCEDURE

I.  Connect two 11588A Coaxial Swivel Joints and 11566A Air Line Extension as shown in figure.
2. Depress LINE button to turn instrument on.

3. Perform auto-calibration with 0, 05 and 500 reference terminations. Connect the termina-
tion at the tip of the 11588A swivel joint.

4. Aftach 11600B (or 11602B or 11608A) Transistor Fixture, 85426A Bias Network and 500
termination as shown in figure.

5. Appropriately set transistor fixture snap-on diai to select the desired transistor socket.

6. Connect short-circeit termination {(an accessory of the transistor fixture) to the 11600B tran-
sistor socket.

7.  Enter a trial electrical length number in the 4191A and repeatedly try with other numbers so
that phase angle display output in |Z|-8 measurement approaches zero (a minimum value).

8. Remove the short-circuit termination and connect sample transistor to the appropriate socket
for the fixture,

9. Set internal bias and external bias voltage output to the desired voltage (current) value.

Note: Set 41914 rear panel DC BIAS INT/EXT switch ro INT position and front panel DC
BIAS switch to ON,

10.  Read impedance values of the sample in |Z] -8 or R-X measurement mode.

Note

For detailed operating procedures and associated information on the recommended tran-

sistor fixtures, refer to operating and service manual for each individual transisior fixture.

Figur 3-17. RF Transistor Measurements {Sheet 1 of 2).
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USING EXTERNAL SIGNAL SOURCE

GENERAL

The requirements for analysis of sharp, complex
perturbations such as those inherent in electrome-
chanical absorption and resonance of materials, may
sometimes necessitate higher measurement frequency
resolution. The use of an external, high resolution
frequency synthesizer enables the 4191 A to respond
to these special requirements. The improved measure-
ment accuracy and resolution of the 4191A permits
the detection of small, adjacent peaks and drops in
change of sample values making the most of the
effects of an increase in the test frequency resolution.
The equipment setup and operating procedure for
making such measurement are outlined below:

Note: Using an external signal source requires a
simple modification by a technical person to
the internal circuitry of the instrument. For
the details, refer to Service Manual.

PROCEDURE

1) Connect the 4191A and the desired synthesizer
signal source to an HP-IB computing controller to
achieve remote control and data transfer through
the HP-IB interface cables as illustrated above.

2) Set 4191A measurement function to I'x =Ty
mode.

3) Program the following equations to calculate cali-
bration data values:

. +Ts
geo = I'so, &1 = m

em = (Fso—T0o)1 +en)

where, so is measured I" value for 500 reference
fermination.

I.. is measured I’ value for OS reference
termination.

I'o is measured I value for 0 reference
termination.

HP-1B
Controller
(Calculator)

HP- 1B > .

External
synthesized
Signal Source(OH

4) Remotely control the frequency of both the
4191 A and the signal source simultaneously with
the HP-IB controller. Measure I'so, T.. and I'o
values using reference terminations at the desired
test ifrequency points and store the measured
values in the memory of the HP-IB controller.

values for each test

wn
—

Calculate ego. en and em
frequency point from the memorized I'so, I and
T's values. Store the calibration data in the con-
troter.

6) Attach appropriate test fixture to 4191A UN-
KNOWN connector,

7y Connect sample to test fixture. Take measure-
ments at the calibration frequencies and memorize
the measured sample values.

Note: Measurement can only be taken af the
calibration frequency points.

8) Correct the measured values using the memorized
calibration data and the following equation:

Pm—eoo

Mtwe =
en('m —ep) + em

where, [true is correct I' value of sample.
I'm is measured [ value of sample.

9) Convert the cotrected I' values to the desired
parameter values by using equations given in
Measurement Parameter Relationships {(Page 3-20).
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Table 3-6
Table 3-6. Annunciation Display Meanings {Sheet 1 of 2},
Annuncia- | Display I[ndicated Condition What to Do Display
tion figure | section format
CAL |AorB | Error in auto-calibration operation. Perform calibration for the
1. Measurement is attempted before cali- selected frequency point.
bration is complete. Otherwise, select another test
frequency for which the cali- C
2. Test frequency was set at a frequency . .
. . . . bration is complete.
point outside the calibration frequency
range.

E-01 P Error in test parameter data input. Test fre- Enter the test parameter data
quency, electrical length or bias voltage setting again using an appropriate num- A
number exceeds the selectable range limit. ber.

E-02 P Error in bias voltage parameter data input. A Enter the bias voltage setting
negative voltage number was entered as test data again using a positive num- A
parameter input data for a swept bias voltage ber (not zero).
measurement in logarithmic sweep mode.

E-03 p Error in sweep frequency/bias parameter data Enter the start or stop fre-
input. A stop frequency (voltage) number quency (voltage) data again
lower than start frequency (voltage) setting so that the frequency settings A
was entered. (This error message is displayed follow the regular high and low
just after the sweep measurement is initiated). frequency (voltage) relationship.

E-04 P Error in spot frequency (bias voltage) data Enter the spot frequency (vol-
input. tage) data again using an ap-

Spot {requency (voltage) setting is outside the propriate number. A
preset sweep range.

E-05 p Error in deviation measurement control opera- Restore the instrument to nor-
tion. mal measuring conditions.

1. STORE DSPL A/B function was actuated Then actuate the STORE DSPL

while an error message was displayed. A/B function again. A
2. STORE DSPL A/B function was actuated

without releasing A or A% measurement

function.

E-06 [ AorB | Error in deviation measurement control opera- Perform operating procedure
tion. necessary for entering reference
A or A% function was actuated without pre- value, then actuate the A or C
viously storing reference value for the selected A% function again.
measurement parameter,

P REF A or REF B function was actuated Press  another PARAMETER
despite that the reference data has not been key to release the input de- c
entered (for the selected measurement para- mand. ’
meter). Otherwise, enter an appropriate

reference number.
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Table 3-6
Table 3-6. Annunciation Display Meanings (Sheet 2 of 2).
Annuncia- | Display Indicated Condition What to Do Display
tion figure | section format
E-07 P Error in initial operation. A panel control key Do not push any control keys
is pushed even though the instrument is not again. Brror message display C
ready to take measurements (warm-up time is will disappear just after warm- )
not yet fulfilied). up is complete.
E-(8 p Frror in X-Y recorder control operation. The X-Y recorder control func-
An X-Y recorder control function was actuated tion should not be actuated A
despite that X-Y recorder output option {Opt. again,
004) is not installed.
E-09 p Error in continuous memory function. The instrument requires serv-
1. Memory data to be continuously pre- icing.
served has been lost. B
2. Stand-by battery for continuous memory
operation i1s exhausted.
Abnormality in the instrument. {(An instru- The instrument requires serv-
p ment failure). icing. C
E-NN B NN: Numbers above 20. c
Refer to Paragraph 3-5 SELF TEST.
-OF- | AorB | Measured value to be displayed exceeds the Select  another measurement
upper range limit. parameter at which the sampie C
can be measured.
P Error in reference value input data. Reflerence Enter the reference value input
value input number for REF A or REF B data again using an appropriate
exceeds the maximum display value on the number.
selected range.

Abbreviation Notes

Display section | A

DISPLAY A

B DISPLAY B

p Test Parameter Data Display

Display format | A

Duration of Display is about 2 seconds.

The inappropriate control input demand is automatically released.

trol setting status.

B Duration of Display is about 2 seconds.

The panel controls are automatically set to the normal initial con-

C Continuously displayed until the erroneous setup is removed.
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349, EXTERNAL TRIGGERING,

3-50. For making a synchronized measurement with an
auxiliary instrument, for taking a measurement using a
particular occurrence as the start, or for generating meas-
urement data at a preset time in a data logging system, an
external trigger will facilitate properly timed measure-
ments with the 4191 A. To accept external trigger signals,
the front panel EXT TRIGGER key must be pressed.
Connect the external triggering device to the rear panel
EXT TRIGGER connector with a BNC cable, Triggering
requires a TTL level signal that changes from low (0V) to
high (+35V) level. The trigger pulse width must be greater
than 10us. Shorting and opening (alternately) the center
conductor of the EXT TRIGGER connector to ground
{chassis) also effectively triggers a measurement.

Note: The center conductor of the EXT TRIGGER con-
nector is normally at high level (no input).

Figure 3-18 shows an example of external triggering
as used with programmed bias magnitudes.

Trigger rate

Maximum external trigeer input rates for normal and high
speed measurement maodes are listed in the table below:

Measurement Mode Max. Trigger rate

810ms

260 ms

Normal
High Speed

In normal measurement mode of operation, five measure-
ments are automatically taken (to perform and display an
average of the measurements) each time the instrument is
triggered. If the trigger input rate is too fast, measure-
ment data is not provided because subsequent trigger
signals always initialize the measurement sequence of the
instrument before measurement ends.
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BIAS VOLTAGE

! TIME

wr— - — - - — — — —

—

DC bhias voltage applied.

-)

©JC

Time required for dc bias voltage
to settle (100ms max. ).

Trigzer point.

©©

Time required to measure sample.

)

30 DC bias voltage removed,

(

Figure 3-18. Puise Bias Measurements with External Triggering

for Programmed Bias Magnitudes.

Cleaning APC-7 Connectors

APC-7 connector contact surfaces of the UNKNOWN
terminal, terminations and test fixtures must be kept
free of spots, dust, oil and adhesives which invite
poor connector contact.

To maintain clean contact surfaces, it is recommend-
e¢ that the operator perform periedic cleaning as
necessary.

Use lint-free cloth and, if a cleaning fluid is needed,
use isopropyt alcohol.

Caution:

Do not use aromatic or chlorinated hydrocarbons,
esters, ethers, terpenes, higher alcohols, ketones, or
ether-alcohols such as benzene, toluene, turpentine,
dioxane, gasoline, cellulose acetate, or carbon tetra-
chloride.

Keep exposure of the connector parts to both the
cleaning fluid and its vapors as brief as possible.
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3-51. OPTIONS.

3-52. Options are standard modifications to the instru-
ment that implement user’s special reguirements for
miner functional changes. Operating instructions for the
4191A options (except for rack mount and handle instal-
lation kit options) and associated information are des
cribed in the following paragraphs.

3.563. OPTION 002 HIGH RESCOLUTION TEST FRE-
QUENCY,

3-54. The 4191A Option 002 provides an internal fre-
quency synthesizer test signal resolution selectable at
100Hz (to 500MHz) and at 200Hz (to 1000MHz) in-
stead of the standard frequency resolution. The selectable
frequencies for the spot, start, stop and step frequency
settings are shown in Table 3-1. To provide test fre-
quency readouts up to 1000MHz in conjunction with the
improved resolution, the Test Parameter Data Display is
extended to 7 digits (maximum display 1000.0000MHz).
Other control functions and operating performance,
except for the test frequency reselution, are identical to
the standard unit,

The high resolution frequency setting capability as well as
the excellent frequency stability (residual FM noise is
below 30Hz rms at 500MHz) facilitate, in particular,
analysis of devices whose characteristic values vary sharp-
ly with changes in frequency, such as crystal resonators
and high selectivity band-pass/rejection filters. In addi-
tion, the programmable test frequency sweep capability
and HP-IB compatibility permits automating such meas-
urements which usually entail taking measurement data
at numerous test frequency points.

Section MI
Paragraphs 3-51 to 3-56

3-65. OPTION 004 ANALOG RECORDER OQUTPUT

3-56, The 4191A Option 004 is equipped with three
analog RECORDER QUTPUT {BNC) connectors on the
rear panel. These connectors output accurate voltages
for recording measured sample values in terms of test fre-
quency or internal dc bias voltage in swept frequency or
swept bias voltage measurements. The recoerder output
voltages are provided in the following manner:

FREQ/BIAS connector: Output voltage is proportional
to the test frequency or internal dc bias voltage setting
and is given by the following equation:

_ Jspot — ftart Vspot — Vstart

Sfstop — fstart

Eo (V)

Vstop — Vstart

The voltage value of Eo is within the range of OV and
IV, When LOG SWEEP function is set, the output
voltage is proportional to logarithm of test frequency
or of dc bias voltage.

DISPLAY A connector: Qutput voltage is propertional
to the three lesser significant digit numbers of DIS-
PLAY A display outputs (see illustration). 1mV per ]
count, + 999 mV at full count display {+ 999 counts).

DISPLAY B connector: Output voltage is proportional
to DISPLAY B display output in the same manner as
that for DISPLAY A connector output.

DISELAY & ; OISPLAY 8

: I —_ F | o

: 7745 . sy o4dg2
i a0 | A
: =) -

CJ]
T T

Outputs 745mV at Outputs 452mV at
DISPLAY A connector DISPLAY B connector

Notes:

1. When displayed number exceeds ©1000 counts, the re-
corder output voltage is -1V or +1V.

2. The recorder voltages are outputted only when the
RANGE HOLD function is set automatically or
manually.
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Chart Paper Coordinates

Use chart paper coordinates appropriate for the measure-
ment parameter from among illustrations below:

@ @

Model 4191 A

1ZI, 1Yl or [ Phase angle #
999 O 999 -
i Start Sto
Y PR 2 Freq.
I (hias)
Ce 999
Start Freq. (bias) Stop
@ R,G, L,C,Dor Q @ R-X or G-B
939 0 999 O
R
G )
L X 999
or 0@ Ror G
C iB
D
Q@
N -599
Start Freq. (bias) Stop
Black spot {s; ,........ i_LL
White spot (o} ,,....... UR™!
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Scales indicate in counts
(989 signifies 999,09, 9,
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Recording on Orthogonal X-Y Coordinates

Measurement parameter: !Z|, [Y|,|I'|, R, G, 1,C, D, Q
#, R-X, G-B

1) Connect X-Y recorder X input and Y input termi-
nals, respectively, to the appropriate RECORDER
OUTPUTS on 4191A rear panel. Use shielded
cables with BNC connectors. See table 3-7 for
cabling method.

2) Place recording paper on X-Y recorder platen and
set paper hold down function to on. Lift recorder
pen up and hold it until recording starts.

3) Press key and J LL key (DATA input “2”
key on the 4191A front panel). The indicator
lamp above the { LL key will light,

4) Adjust X-Y recorder zero adjustment controls (in-
dependently for X and Y channels) so that the re-
corder pen is positioned just above the chart paper
coordinates denoted by black spot () in the iflust-
ration.

5) Press key and UR 71 key (DATA input “3”
key) on the 4191A front panel. The indicator
lamp above the UR ~ key will light.

6) Adjust X-Y recorder sensitivity adjustiment con-
trols (for X and Y channels)so that the recorder pen
is positioned just above the chart paper coordinates
denoted by white spot (o) in the illustration.

7) Again press blue key and UR”t kev to release
the zero adjustment function.

8) Perform a trial sweep measurement for sample to
verify the minimum and maximum display read-
outs.

Table 3-7. X-Y Recorder Cabling Method.

Recording parameters -Y recorder input connections

X Y FREQ/BIAS| DSPL Bi DSPL A
Freq or bias | |Z], [Y!or T X — b'e
Freq or bias ¢ X Y —
Freq or bias| R,G,LorC X — Y
Freqorbias| D or Q X Y —
R or Q X or B — Y X
I'x I'y — Y X

Section IH
Paragraphs 3-36 to 3-58

9) Change number of display digits to properly set
the recording value range by pressing DIGIT
SHIFT DSPL A or DSPL B key.

10} Set the 4191A frequency or bias voltage at the
sweep start point and set X-Y recorder pen down.

Note: If smooth recorder tracing to variglions in
measured sample values is desired, press
blue key and INTRPL key.

11} Start sweep measurement.

Recording on Smith Chart
Measurement parameter: I'x Ty

Reflection coefficient locus in sweep frequency meas-
urement offers graphic data quite useful in various appli-
cations when it is recorded on a Smith Chart. As the
reflection coefficient values are represented in the form
of orthogonal X-Y coordinates on the Smith Chart plane,
its locus can be recorded by using the same procedure
as that for other parameter values (described above).
For X-Y recorder sensitivity and zero scale adjustments,
find the locations of the two spots illusirated in figure
@;the black spot denotes the coordinates (I'x, I'y) =
(0, 0) and the white spot is identical to the virtual co-
ordinates (T'x, I'y) = (1, 1.

Note: To find the location of the white spot for sensi-
tivity adjustment, construct two tangential lines
of [Tl =1 circle at points (Tx, Ty) = (1, 0) and
(I'x, Ty) = (0, 1), respectively, {ags illustrated in

figure (8) ).
3-57. Use of Strip Chart Recorder.

3-58. The analog recorder output also provides the
convenience of monitoring drift or vibrations in sample
values with time. To automate such time consuming
tests, a strip chart recorder can perform the recording
of measurement data without continuous monitoring
by the operator. A single channel strip chart recorder
permits recording either DISPLAY A or DISPLAY B
measurement data outputs, A two channel recorder
can simultanecusly graph both data outputs on the
chart paper.

Recorder sensitivity should be set so that the maximum
displacement of the writing pen is within the chart paper
span and, in addition, so that the change in measured
values is readable on the chart.
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3-69. HP-IB INTERFACE

3-60. The Model 4191 A can be remotely controlled by
means of the HP-IB which is a carefully defined instru-
mentation interfacing method that simplifies the integra-
tion of instruments and a calculator, or computer into
a system.

Note: HP-IB is Hewlett-Packard's implementation of
TEFE Std 4588-1975 Standard Digiral Interface for

Programmable Instrumentation.
3-61. CONNECTION TO HP-IB

3-62. The 4191 A may be connected into an HP-IB bus
configuration with or without a controller (e.g. with or
without an HP calculator). In an HP-IB system without
a controller, the 4191 A can function as a Talk Only unit
(refer to paragraph 3-67).

3-63. HP-IB STATUS INDICATORS
3-64. The HP-IB Status Indicators are four LED lamps

on the front panel. These lamps show the status of the
4191 A in an HP-IB system as [ollows:

SRQ: SRQ signal on HP-1B tine from 4191 A (re-

fer to paragraph 3-77).
LISTEN: The 4191A is set to be listener.
TALK: The 4191A is set to be talker.
REMOTE: The 4191A is remotely controlled.

3-65. LOCAL SWITCH

3-66. The LOCAL switch disables remote control from
HP-IB control and enables setting measurement condi-
tions at front panel controls (pushbutton switches). RE-
MOTE HP-IB status indicator lamp turns off when LOCAL
switch is depressed. This function can not be used when
the 4191A is set to local lockout status by controller.

Section M
Paragraphs 3-39 to 3-68

3-67. HP-IB CONTROL SWITCH

3-68. The HP-IB Control Switch on rear panel controls
seven digits and three capabilities as follows:

(1) Bit1 ~ 5: The HP-IB address is established by these
five digits of the control switch.

(2) Bit 6 (delimiter form bit): This bit determines
delimiter forms of cutput data which are:

(}: Format A {comma}
1: Format B (carriage return, line feed).

(3) Bit 7 (talk only bit): This bit determines instrument
capabilities which are;

0: Addressable
1: Talk Only

Note: The 41914 is set at the fuctory as given in
Figure 3-20.

Ay

TALK AS -
ONLY COMMA
CR/ LF L— ADDRESSABLE

bit t~56: 17
bit 6; Format A {comma)
bit 7 Addressabie

Figure 3-20. HP-IB Control Switch.
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3-69. HP-IB INTERFACE CAPABILITY OF 4191A

3-70. The interface of a device connected to the HP-IB is
specified by the interface functions built into the device.

The 4191 A has eight HP-IB interface functions as given in

Table 3-8.

Table 3-8. HP-1B Interface Capabilities.

Code Interface Function* .
(HP-IB Capabilities)
SH*#* Source Handshake.
AH1 Acceptor Handshake.
T5 Talker (basic talker, serial poll, talk only
mode, unaddress to talk if addressed to listen).
L4 Listener (basic listener, unaddress to listen if
addressed to talk).
SR1 Service Request.
RL1 Remote-Local (with local lockout).
DC1 Device Clear,
DT1 Device Trigger.

over the bus.

1975.

*Interface functions provide the means for a
device to receive, process and transmit messages

*%The suffix number of the interface code in-
dicates the limitation of the function capability
as defined in Appendix C of IEEE Std. 488-

371,

REMOTE PROGRAM CODE

Table 3-9. Remote Program Code (Sheet 1 of 3).

Model 4191A

3-72. Remote program codes for the 419TA are listed
in Table 3-9.

Control Program Code 1 Description
Display A Function |Z] Al Combinations of A and B are listed
Y] A2 in the table below:
T A3 fe T L T, T
R Ad AIX:_?IJ " d- ar [ ey
P20 ideal  Zi-d rrady 2111 {deg)
G AS 2 Y—(Jedu\u]r Yi-B (rady gl (deg s
FX A6 3 : T-ﬂ"f.tlt.‘.t"j U irady [ -3 (deg)
L AT e —
C A8 |5 ¢ B
Display B Function 8 (deg) B1,B3, B4 i L ]
0 (I’ﬂd) B2 H LR LG LoD Lo
R B] & [ ) -0 [ -0
G B2 “AUTO RANGE” mode is automati-
D B3 cally set when these program codes
Q B4 are transmitted.

3-74
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Table 3-9. Remote Program Code {Sheet 2 of 3),

Section T
Table 3-9

Control Program Code Description
Deviation Measurement OFF AN Deviation measurement can not be
of Display A A AD done il reference data is not stored.
4% AP
Deviation Measurement OFF BN “RANGE HOLD” mode is automati-
of Display B A BD cally set when AD, AP, BD or BP is
_ AT BP assigned.
Displayed Value Input STORE TD
DISPLAY A/B
Key Status Memory SAVE | Vi
SAVE 2 V2
Recall Saved Key Status RCL 1 L1
RCL 2 L2
Display A Multiplier x10* (k) Pl
x10° P2
x107 (m) P3
X107 (w) P4
x107 (n) P3
x10°2 {p) P6
Display B Multiplier x10* (k) Q1
x10° Q2
x107 (m) Q3
X107 () Q4
x10% (n) Qs
Display A Digit Shitt O MO
1 M1
2 M2
3 M3
4 M4
Display B Digit Shift 8] LO
1 L1
2 L2
3 L3
4 L4 |
Manual Sweep STEP ©¢ sSU
STEP & Sb L
Auto Sweep START 1p wuU
START & WD
PAUSE PS
ABORT AB
High Speed OFF HO
~ ON H1
Log Sweep OFF GO
bttt ns a1t 1 1 e S ON Gl
Calibration OFF CO
ON ClI
START Cs

375
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Table 3-9. Remote Program Code {(Sheet 3 of 3).

Model 4191A

Control Program Code Description
Trigger Mode INT T1
EXT T2
HOLD/
MANUAL T3
Range Hold OFF RO
ON RI
__ME_xe cute EX
Data Ready OFF Do
ON DI
Self Test OFF SO
ON S1
Recorder Control OFF XY
LL LL
UR UR
Interpotation OFF 10
ON I1

3-73. PARAMETER SETTING

3-74. A 4191A can be set to twelve parameters (refer

to Table 3-10) by remote programming as follows:

XX+ NNNN.NNNNEN

L

3-76

2) (3)

Table 3-10.

(1) Program code for parameter setting (refer to Table

3-10).

(2) Setting value (numeric or space).

(3) Parameter terminator.

Program Code for Parameter Setting.

Parameter

Program Code

Setting Value

SPOT FREQUENCY (MHz) FR_ | LO~1000.0 (1.0000 ~ 1000.0000)
STEP FREQUENCY (MHz) SF |01~ 999.0 0.0001 ~ 999.0000)
START FREQUENCY (MHz) TE | 1.0~1000.0 (1,0000 ~ 1000.0000)
STOP FREQUENCY (MHz) PF 1.0~ 1000.0 (1.0000 ~ 1000.0000)
SPOT BIAS (V) BI —40.00 ~ +40.00
STEP BIAS (V) SB. 0.01 ~ 40,00

| START BIAS (V) B ~40.00 ~ +40.00
STOP BIAS (V) PR —40.00 ~ +40.00
DISPLAY A REFERENCE RA ~199.99 ~ +199.99
DISPLAY B REFERENCE RB ~199.99 ~ +199.99
ELECTRICAL LENGTH (cm) EL 0.00 ~ 99.99

| OPEN CAPACITANCE (pF) oC ~1.000 ~ +1.000
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3-75. DATA OUTPUT

3-76. Data outputted by the 4I40A includes data
statuses, measured parameters, deviation measured modes
and measured valies for displays A and B. Moreover,

Section T
Paragraphs 3-75 and 3-76

swept parameter and swept frequency or bias value are
outputted by the 4191A in auto sweep or calibration
mode. These data are outputted in format as shown in
Figure 3-21.

@ SPOT MEASUREMENT

voltage are fixed.

The data is outputied in the following format when measurement frequency and bias

GXXXtNNN. NNE+NN,XXX:NNN.NNE: NN®ID

M2y3) @ 5)

(8 (7Y (8) () (10) (11}

(2) AUTO SWEEP MEASUREMENT AND CALIBRATION
The data is outputted in the following format when measurement frequency or bias voltage
is swept automaically or when the 4191A is set to calibration mode.

U XENNNN.NNNN,XXXENNN.NNE+NN,XXX:NNN.NNE=+NN@DID

(1yaz) (13) (Ol ROICH

(1} Space
(2) Data status of display A

(6) Comma (data delimiter)
(7) Data status of display B

(11} Data terminator
(12) Swept parameter

play)

(3) Function of display A or calibration condition
{4) Deviation measurement mode of display A
(5) Value of display A (decimal point position is coincident with display)

(8) Function of display B or calibration condition
(9) Deviation measurment mode of display B
(10) Value of display B (decimal point position is coincident with display)

(13) Measurement frequency or bias voltage (decimal point position is coincident with dis-

Notes: | Data delimiter is set at the factory to", {comma)” (see Figure 3-20) In this
case, data outputted by the 41914 is a continuous string. To break the data
into two or three groups(to limit line length) for outputting to certain peripherals
such as to an HP Model 5130A Thermal Printer, the delimiter form bit (HP-IB
control switch Bit 6) on the rear panel is set to "CR/LF” (see Figure 3-20).

2. Datra status, function, deviation measurement mode and swept parameter are ex-
pressed by a letter of the alphabet as given in Table 3-11.

(5} BN E D) (1m (1

Figure 3-21. Data Output Format for the 4121A.
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Table 3-11. Data Qutput Codes.

Information Code
Data Status Normal N
Overflow O
Deviation Measurement D
impossible
Needs Calibration U
Display A |Z| Z
Function d Y
T M
R R
G G
'x X
L L
C C
Display B f (deg) D
Function f (rad) R
X X
B B
Iy Y
R R
G G
D )]
Q Q
Calibration (419 S
Condition 0S8 O
500 T
Deviation Normal Measurement N
Measure- Deviation Measurement D
ment Deviation Measurement P
in Percent
Swept Frequency F
Parameter Bias Voltage v

3-77. SERVICE REQUEST STATUS BYTE
3-78, The 4191A sends RQS (request service) signal

whenaver one of bits 1 thru 4 or 6 is set. Figure 3-22
shows the Status Byte make up of the 419TA.

3-78

Meodel 4191A

3-79. PROGRAMMING GUIDE FOR 4191A.

3-80. Sample Programs for HP Model 9825A/9835A
Desktop Computers are provided in Figures 3-23 and 3-24.
These programs are listed in Table 3-12.

Notres.

1. Specific information for HP-IB programming with the
98254 or 98354 are provided in the 98254 or 95354
programming manuals.

2. The eguipment required for these sample programs
include:
41914 RF Impedance Analyzer
980344 HP-IB Interface Card
08254  Desktop Compuier with 982104 St~
ing-Advanced Programming ROM
982134 General /O + Extended 170
ROM.
or
98354 Desktop Computer with
983324 General I/O ROM

Table 3-12. Sample Program using 9825A/9835A

Sample . e
Program Figure Description
1 3-23 Remote controt and data out-
put in spot measurement.
2 3-24 Remote control and data out-
putin auto sweep measurement.
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Figure 3-22

Bit 8 7 6 5 14 3 R
information | 0 o/l | o/1 | o1 | o/1 | o/t | o1 | o/l

Signal bit 7 (RQS signal} establishes whether or not service request exists.
Signai bits 1 thru 4 and 6 identifies character of the service request states.

Service request states of the 4191A:

(1) Bit 1: @ If Data Ready is set to ON, this state is set when measurement data is provided.
@lf Self Test is set o ON, this state is set when Self Test is completed.

(2) Bit 2: @When the 419] A receives an erroneous remote program code, this state is set.
@If Bit & is set, this state is set when Vector Ratio Detector is defective.

(3) Bit 3: @When the 4191 A receives an illegal front panel control setting program, this state
s set.
@H Bit 6 is set, this state is set when phase locked loop is defective.

(4} Bit 4: @When the 4191 A receives trigger signal before last measurement is completed, this
state is set.
@When the 4191 A provides measurement data before last measurement data is out-
putted, this state is set,
@lf Self Test is set to ON, this state is set when Self Test is faulty.

(3) Bit 6: @ If Vector Ratio Detector is defective, this state is set. Bit 2 is also set.

@If Phase Locked Loop is defective, this state is set. Bit 3 is also set.

Signal bit 5 is independent of bit 7 (RQS signal). When aute sweep or calibration is being per-
formed, this bit is set.

Figure 3-22. Status Byte for the 4191A.
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Model 4191A

Sample Program 1

Description:

This program is a remote control and data output program in spot measurment.

The program has three capabilities which are:
(1) Control of the 4191A via HP-1B.
(2) Trigger of the 4191 A via HP-IB,
(3) Data output from the 4191 A in spot measurement via HP-IB.

9825A
0:
1:

b

~1 O s

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

By using string variables, complete output information from the 4191 A is stored by the following

programs:

9825A

25
0
1
2:
3:
4
5
6
7

Program 9835A Program
f1t4 10: FLOAT4
wrt717,“A1BIT3” 20: OUTPUT717;"A1BIT3”
M (2 (£ @ (3)
wrt717,“FRIQEN" 30: OUTPUT717;“FRI0GEN"
@ (3 @ (3
wrt717,“EX™ 40: QUTPUT717EX”
(6) (6)
red717,AB 50: ENTER7I7:AB
dspA.B 60: DISPAB
prtA B 70: PRINTAB
end 80: END
Select code of 98034A.
Address code of 4191 A,
Program codes of the 4191A (refer to Table 3-9).
Program codes for parameter setting of the 4191 A (refer to Table 3-10).
Parameter terminator of the 4191A (refer to paragraph 3-73).
This line means the same as following program:

9825A: trg717
9835A: TRIGGER717

Program: 9835A Program:

dimAS[50] 10: DIMAS{50]
wrt717,“A1BI1T3” 20: OUTPUT717;A1BIT3”
wrt717,"“FRI10EN” 30: OUTPUT717;*FRIOEN”
wrt717,“EX” 40: OUTPUT717;“EX”
red717,A$ 50: ENTER717:AS

dspAS 60: DISPAS

prtA$ 70: PRINTAS

end 80: END

3-80

Figure 3-23. Sample Program 1 using 9825A/9835A,
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Sample Program 2

Pescription:
This program is a remote control and data output program in auto sweep measurement.

The program has three capabilities which are:
(1} Control of auto sweep measurement of the 4191 A via HP-IB.
(2) Auto sweep of the 4191 A via HP-IB.
(3) Data output from the 4191 A via HP-IB.

9825A Program: 9835A Program:
0: dimAS[100,50] 10: DIMAS(100)[50]
m {1
1: wrt717,A1BIT3” 20: QUTPUT7I7;*A1BIT3”
2 wrt717.“SF1ENTFI1ENPFI00EN” 30: OUTPUT717;"SFI1ENTF1ENPFI00EN"
30 wrt717,°wu” 40: OUTPUT717;*WU>»
4 0=1 50: I=0
50 T+1=1 60: I=[+1
6: red717:A8[1] 70: ENTER717;AS(T)
7. dspAS[I] 80: DISP AS(D)
8: prtAS[I] 90: PRINT AS(D
9: rds{717)—=A 100: STATUS7]IT7TA
@ @)
10: if bit(A4)gtos 110: TF BIT(A,4)THENGO
{3) 3)
11: end 120: END

(1} Establishes a dimensional array parameter that is greater than number of measurement points.
(2) Inputs 4191 A SRQ Status Byte to variable A.
{3) When auto sweep being performed, bit 4 of variable A (bit 5 of SRQ Status Byte) is set to

“1”

Figure 3-24. Sample Program 2 using 9825A/9835A.
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SMITH CHART APPLICATIONS

The Smith Chart is a convenient artifice for facilitating rf
vector impedance calculations which are sometimes
needed to correct measured values for change of electrical
length or other test parameters. This paragraph offers a
brief outline of the Smith Chart for the users who are not
familiar with its use:

Figure A shows the Smith Chart plane of impedance
coordinates. On the Smith Chart plane, the coordinate
scales  signify the following impedance component
quantities:

The circles tangent at point @ are the scales for which
resistance values are constant. The arcs which cross at
point (&) along with intersecting the circles at right angles
are the scales for which reactance values arc constant.

= eonstant

Figure A. Smith Chart.

These resistance and reactance scale values are the nor-
malized values which are calculated by sample impedance
(Zx = Rx + jXx) divided by the characteristic impedance
(Zo = 500 of the measuring circuit, that is:

Normalized immedance Ros xre 26 = B L X8
ormailzed impedance I+ ]AT 70 50 50

A sample impedance value is represented on the Smith
Chart as a point coordinated with the scales correspond-
ing to its normalized impedance (see figure B). The base
impedance Zo (characteristic impedance) is located at the
represents the reflection coefficient value I°} /0 of the
sample (in this case, the electrical length of the fransmis-
sion line is not being taken into consideration}. The
phase angle scales for the reflection coefficient vecior are
provided along the outer circumference of the Smith
Chart. The phase angle of the reflection coefficient can

3-A
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be read from the phase angle scale asindicated by an ex-
tension of the vector Zc-Zr. The absolute value of the
reflection coefficient |['| is constant at any point on the
circle of the radius Zo Zr.

Phase scale (" value is

constant

of reflection
coefficient

i’
1

Figure B. Smith Chart,

When a parallel transmission line (coaxial line) of line
length 2 is terminated by the sample, the impedance value
of the sample measured at the other end of the line is
derived as follows:

First, the difference in phase angle of the reflection co-
efficient value I” produced by the lead length £ is cal-
culated using the following equation:

470
A

e:

(A: wave length of test signal}

Figure C. Smith Chart.
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Next, radius vector Zo-Zx is rotated clockwise (towards
the generator) by the calculated phase angle 8. The
measured impedance value (normalized impedance) coin-
cides with the scale reading at point Zm. See Figure C.

Generally, a Smith Chart has wavelength scales for read-
ing the phase difference in the ratio dimension of the line
length to the wavelength. That is:

2L

Q===

TA

The rotational angle may be measured as £° on the wave-
length scales instead of 9.

TRANSMISSION LINE CHARACTERISTICS

When the test port is specially extended to gain access
to the device tested, the extended measuring circuit
should maintain the equality of the measuring circuit
characteristic impedance. A discontinuity in charac-
teristic impedance of measuring circuit, if not properly
compensated, will cause differences between the meas-
ured values and true sample values. When a sample needs
be measured together with the unknown cable connected
to the sample or when the extension line used produces
an impedance mismatch with the test port, how can the
sample values be measured? In such cases, the actual
sampie values can be calculated from measured values
if the charcteristics of the extra transmission line is
ascertained. To discuss this problem, let’s look at the
characteristics of a transmission line.

distributed inductance per unit length,
distributed resistance per unit length.
stray capacitance per unit length,
stray conductance per unit length.

Qo=

APPENDIX

Section {1

On the contrary, if a measured impedance value is Zm,
the true impedance value of sample is found as Zr by
rotating the radius vector Zo-Zm counter-clockwise,

Notes:

I. The above discussion assumes that the test signal
propagation loss in the line is negligibly low. Actual-
ly, the propagation losses may be neglected when the
measuring civeuit length is short.

b

When the transmission line has a certain level of pro-
pagation loss, the radius vector of the measured reflec-
tion coefficient shortens by 1/e 2% (o = gtrenuation
coefficient of the line),

1}y The above figure shows a lumped constant equiva-
lent circuit model of a paralief or a coaxial trans-
mission line. The characteristic impedance (Zo) of
this line is represented by the following equation:

f /R + jwl
Zo = = P —
Y G+ jwC
where, R, L, G and C are the equivalent circuit ele-

ments of the distributed constants. Propagation
constant (y) of this line is given as:

v =V ZIY =V (R+jwING+jwl) =a + j§

where, attenuation constant « and phase constant
B represent the attenuation of the signal amplitude
and the phase shift, respectively, per unit line
length.

When the Zo and v values of the transmission line
are unknown, these constant values can be experi-
mentally derived by measuring impedance as the
fine is terminated at open-circuit and short-circuit

conditions:
o -0

7 opern —» Zshort —»
o O

3-B
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Zo = &/ Zopen . Zshox

1 Z short
— tanh™'
2 Zopen

’Y =
i Zopm + +/ Zshort . Zopen
= —log
20 Zopen — ~/ Zshett - Zopen
Z = Zovy

t

¥/ Zo

2} When an impednace element Ze¢ is connected to the
tip of the line, the measured impedance value at
the other end of the line is given by the following

equation:
1t »f
I £
& B
71 = Zo i1
o
Zo + Zo tanh 2
Zi =

Zetanh vt + Zo

Measured reflection coefficient is:

. e —Zo
r = FU eLZYQ PR 4

e+ 7o

The sample impedance value is therefore calculated
as:

Zo tanhye - 71

Ze = -
Zitanhy2~7Zo
I 1 + Ce?
or 4= Lo T et

3) If the transmission line is ideal, — that is, it has no
loss (R =0, G=10), the equations which represent
the values for Zo, v, Zi and Z& are simplified as

follows:
Zo = \/% v o= jwALC (a=0, f=w~/LC }
. . Ze + jZo tan ¥
Zi = Zo -
Zo + jZe tan R
70 = 7o VAR _-jZ(.) tan g%
Zo — jZi tan BR

APPENDIX
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1 + Te2ite

or Ze = Zo T o

4} With a cascade connection of different transmis-
sion lines as illustrated below, the impedance value
of the sample can be calculated by using the given
equations as follows:

+— Jine 2 |

Zitanhyi — Zi’

Ze = 2o - .

Zi'tanhy18 - Zi

] Z2 tanhy2t2 — Zi
21" = Z2

Zi tanh vtz - Z2

where, Zi’ is impedance value measured at the in-
put of line 1 {(Z1, 21, v1)
Zi is impedance value measured at the in-
put of line 2 (Zz2, %2, v2).

As the above equations have the identical form of the
gquation terms, a programmed calculation can facili-
tate the procedure by repetitive use of the same basic
equation.
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Table 4.1
Table 4-1. Recommended Test Equipment,
Equipment Critical Specifications Recommended Model | Use
Frequency Counter Frequency: 1 GHz
Sensitivity: —35dBm HP 5340A P A
Accuracy : <1x 1077
Attenuator 10dB to I GHz, 5082 HP 8491 A P A
Cable N type connector cable HP 11500B P A
Cable BNC to dual alligator clip cable A
Terminal Converter N type female to APC-7 HP 11524A P A
Terminal Converter SMC female to N type female -hp- 1250 — 1153 A
RF Power Meter Frequency: | GHz
Sensitivity : —20 to 0dBm f.s. HP 436A P A
Accuracy : *0.5dB
Power Sensor T uW min. to 1 GHz, 500 HP 8482A P A
Digital Multimeter DC Voltage Range: 1mV to 106V P A
Resistance Range : 1008 f5. min HP 3455A T
Voltage Accuracy : 0.01%
Test Leads Duat banana to alligator clip leads HP 11002A AT
Test cable BNC to dual banana plug cable HP 11001A P
Terminal Convertor APC-7 to BNC female P
Spectrum Analyzer Frequency Range: 1MHz to 1 GHz HP 141T
Resolution : 100 Hz w/8554B P A
Dynamic Range : > -90dB w/8552B
Oscilloscope Band_vx.uc—ith : IOOMH:Z HP 1740A AT
Sensitivity : SmV min.
Probe 10MS, 10:1 HP 10006D AT
. b
DC Power Supply Output .Voltagz,u. OV to 20V HP 62248 AT
Resolution : 0.01V
Thermometer Temperature Range: 15°C to 30°C HP 2802A A
Accuracy : +0.5°C
Probe Thermister Sensor HP 18641A A
Reference Terminations | 02
500 HP 16342A
{Calibration Equip- P A
08 (o002) ment Kit)
Coaxial Capacitor {(318pF at 10MHz)
Reference Air Line 20em long (HP 11567A calibrated)

4-A
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Section IV
Table 4-1
Table 4-1. Recommended Test Equipment {cont’d}.
Equipment Critical Specifications Recommended Model | Use
Calculator HP 9825A
w/98210A P
w/98216A
Interface Cable HP 98034A P
Logic Test Box (Special electronic tool for troubleshoot-
ing digital control board using a signature HP 16341 A T
analyzer)
Signature Analyzer HP 5004 A T
Extender Board 10 pin dual in-line -hp-04191-66560 AT
10 pin single in-line -hp-04191-66561

P: Performance Test,

A: Adjustment, T: Troubleshooting
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Paragraphs 4-1 to 4-8

SECTION 1V
PERFORMANCE TESTS

4-1. INTRODUCTION

4-2. This section describes the tests and procedures
used to verify the instrument specifications listed in
Table 1-1, All tests can be performed without access to
the interior of the instrument. A simpler, automatic
operational test is presented in Section IIf under Self Test
(papragraph 3-5). The performance tests described here
can also 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 set-up itself are correct and then proceed with
adjustments and/or troubleshooting.

Note: To ensure proper ftest results and instrument
operation, Hewlett-Packard suggests a 40 minute
warm-up and stabilization period before perform-

ing any of the performance tests.
4-3, EQUIPMENT REQUIRED

4-4, Equipment required to perform all of the per-
formance tests is listed in Table 4-1. Any equipment that
satisfies or exceeds the critical specifications listed in the
table may be used as a substitute for the recommend
models. Accuracy checks described in this section use
the HP Model 16342A Calibration Equipment Kit. The
characteristics of the equipment in this kit satisfy the
performance requirements for the accuracy checks and
are especially suited for use as the 4191 A’s accuracy test
standards.

Notes:

1. Included in the 163424 is the 419]A Test Program
Tape. This tape contains programs that, when used
with the HP Model 9825A Desktop Computer, auto-
matically perform the performance tests described
here. For more information on the test programs,
refer fo the 4191A Test Program Tape User’s Guide,

2. Components used as standards should be calibrated
by an instrument whose accuracy is traceable to NBS
or an equivalent standards group; or calibrated direct-
Iy by an authorized calibration organization such as
NBS. The calibration cycle should be in accordance
with 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 lists all the tested specifications and their accept-
able limits. Test results recorded at incoming inspection
can be used for comparison in periodic maintenance,
troubleshooting, and after repairs or adjustments.

4-7. CALIBRATION CYCLE

4-8,  This instrument requires periodic verification 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 described here, at least once a year.
To keep instrument down-time to a minimum and to
insure optimum operation, preventive maintenance
should be performed at least twice a year.

4-1
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Section IV Model 4191A

ACCURACY TEST CONSIDERATIONS

GENERAL

Measurement accuracy of the 4191A is specified for the reflection coefficient which is the direct measure-
ment parameter of the measuring circuit used. The accuracy of the other available measurement parameters
are, if low order errors related to the significant digits in the parameter conversion calculations are dis-
regarded, equivalent to the accuracy of the reflection coefficient parameter. The auto-calibration function
of the 4191 A implements error correction calculations for all measured reflection coefficients using calibra-
tion data obtained from measurements of three reference terminations, and reduces the errors to the level
of Inaccuracies inherent in those reference terminations. Consequently, if auto-calibration is performed
in accordance with the programmed routine, errors inherent in the measurement circuit will have little or

no effect on the resultant accuracy.

Theoretical background of the auto-calibration

The reflection coefficient vectors for the reference terminations are located on the axis corresponding to

I'y = (0 on the Smith Chart shown in Figure A. These vectors are:

00 T'x=-1,Ty=0 (I'=1Z4Lm)
0S: Tx= 1, T'vyv=0 ('=12Z0)
502 Tx= 0, Ty=0 (I'=0)

Figure A. Reference Termination Vectors,

During acquisition of calibration data, the reflection coefficients for these references are measured to verify
the particular characteristics of the measurement circuit causing measurement errors. The measured I' values
provide the individual values of three dominant error factors, which are represented by the following equa-

tions:
€go = ['sp
Fo + T 41
gy = ————— e -
11 r_-r,

egr = (T — Tod {F + ey

where; ey 1S the reflection crosstalk (directivity) error of the directional bridge measuring circuit,
€g; is the linear tracking error (full scale error).
€y is the (unwanted) reflection port mismatch error.
Iy, I, and I's; are measured T values for 002, 08 and 5052 reference terminations, respectively.

42
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ACCURACY TEST CONSIDERATIONS

All the measured DUT values are corrected for the effects of these errors using the following calculation:

1-‘true = - Fm_ T (4'2)
ey (Fm=2e0} T oy

where; I'yye is the actual T value of the DUT.
['m is the measured " value of the DUT.

Since eqy. £g; and ey can be determined by making trial measurements of the desired three reflection co-
efficient points on Smith Chart, the three reference terminations used in auto-calibration are sufficient for
obtaining the complete calibration data required for the correction calculations. Because the I'y values of
the reference terminations are essentially zero, these terminations do not seem to offer the necessary refer-
ence vector(s) for taking correction data regarding 'y component vectors of the measured DUT’s. Then,
how does the auto-calibration make corrections on all the measured values as stated above? The answer is
that, these dominant error factors are constant values irrespective of the reflection coefficient phase of the
measured DUT. The errors related to the Ty components also deviate the measured values for the reference
terminations from their nominal values and are included in the calibration data. Thus, error correction can
be achieved on all measured vectors without additional reference.

The discussion that foHows is related to the conditions that must be satisfied when performing an optimum
calibration to maximize measurement accuracy. Figure B is a block diagram of the 4191A measurement
section. A reflected vector signal from the DUT, which is represented by the directional bridge circuit, is
phase-detected to separate its orthogonal phase (I'x and I'y) component from the signal. Inherent errors
in the directional bridge, possible gain error and phase shift in the frequency converter and amplifier stages
are included in the calibration data as equivalent factors. The auto-calibration minimizes these compre-
hensive errors in the measurement results, However, only the phase detection error is left uncorrected because
it causes inaccuracy of the calibration data to oceur. Accordingly, the phase detector must be operating at
optimum detection accuracy. As the same phase detector circuit acts for both I'x and 'y vector compo-
nents, the errors with respect to detection efficiency are equal for both and are eliminated from the meas-
ured values as a portion of the linear tracking error (e ) by the auto-calibration function. Thus, the phase
accuracy of the 0° and 90° detection phase signals eventually dominates the measurement accuracy.

Phaose
det,
Directionol Sampling Freq. A-D i
Signai bridge Converter and
source Canverter
- ™ IF Amp.
I M~1000MHz
C° and 90°
detection phase
ouT signai.

Figure B. 4191A Measurement Section.



https://www.manualsplus.com/

Section IV Model 4191A

ACCURACY TEST CONSIDERATIONS

Using a coaxial capacitor connected to the UNKNOWN connector, the detection phase signals are adjusted to
be exactly 90 degrees out of the phase with each other. This special capacitive termination is included in the
16342 A Calibration Equipment Kit. At the 10MHz test frequency, the 318 pF coaxial capacitor has a reflec-
tion coefficient equal to T'=0 ~jl (i.e. Z=-j500). Because of its structure and characteristics, the coaxial
capacitor makes it easy to test the detection phase accuracy.

When performing auto-calibration over the entire frequency range, the measured vectors for the reference
terminations will exhibit certain loci on the Smith Chart plane, as shown in Figure C. Deviations in mag-
nitude of the measured vectors from the reference points represent basic errars, including various effects
equivalent to internal losses in the measuring circuit (such as propagation losses, amplification and attenua-
tion errors). On the other hand, those related to phase angle are electrical length (compensation) errors. If
a measured reflection coefficient differs more than a certain extent from the reference termination value,
calibration error increases. The individual vector loci should be within the ranges indicated by the shaded

areas in Figure C.

5082 termination

0£2
termination

08§
termination

Figure C. Reflection Coefficient Loci of Calibration Data,

For further confirmation of the accuracy, the precision reference air line, included in the 16342A, permits
tests that compare various reflection coefficient vectors with measured values. Instead of using several
standard devices of ordinary design which cover only a narrow frequency range, a rotative vector developed
by the air line provides a more practical means of testing over the entire 4191A measurement {requency
range. When making a measurement with the reference air line connected to the UNKNOWN connector, the
phase angle of the measured reflection coefficient is determined by the frequency and the electrical length
of the air line. By sweeping the measurement frequency, the measured vector can turn around nearly 360
degrees on Smith Chart plane. For comparison, the inherent reflection coefficients of the air line at a total
of 51 frequency points (identical to the 4191A calibration frequencies) are theoretically calcutated from
characteristic values. The requisite characteristic data for the calculation and the performance requirements

of the reference air line are:

1} VSWR value (lower than 1.002).
2} Mechanical dimensions (accuracy higher than 0.2%).
3) Plating conditions on the surface {gold over silver plating).

4-4
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ACCURACY TEST CONSIDERATIONS

The electrical length value is calculated from the mechanical dimensions and the propagation loss is deter-
mined by the quality of the plating. The theoretical calibration data of the air line is given in the test
program cartridge tape furnished with the 16342A (HP-IB automatic test procedure)., There is a close
interrelation between the test with the coaxial capacitor and that with the air line. That is, an abnormality

detected in either of the tests affects the result of the other test.

Accuracy test methods

Through the discussion for the basic theory of the auto-calibration, it is recognized that the measurement
accuracy of the 4191 A is assured by three different tests as listed below:

1} The test for verification of normal auto-calibration function, described in Para 4-15. Auto-calibration
test.

2) The test for calibration data range, described in Para 4-17. Error correction function test.

3} The test for verification of phase detection accuracy, described in Para 4-19. Accuracy test.

REFERENCE TERMINATION ACCURACY

The accuracy of the 02, 08 and 508 termination impedances of the three reference terminations determines
the accuracy of the auto-calibration, and the measurement accuracy obtainable by using those terminations.
To ensure the specified measurement accuracy of the 4191 A, accurate termination impedances are achieved
by precise design of the reference terminations using theoretical analysis for the actual termination imped-
ances.

The theoretical background for the reliability of the reference terminations is outlined in the following

paragraph,

00 Reference Termination:

The 02 Reference Termination (Part No. 04191-85300) has a gold plated, plane contact which short-circuits
the test port to an accurate 082 impedance when connected to the UNKNOWN terminal of the 4191A. As
the measurement signal current flows between the center and outer conductor of the terminal through the
gold plated surface and across the contact plane of the 00 termination, the additive resistance to the 0Q is
extremely low. Moreover, the structure of the termination yields radial vectors of the measurement current
flowing from the center towards the outer conducior (or the reverse direction), thus, there must be an
opposite vector relating to an arbitrary current vector in the radial direction. Because the induced magnetic
fluxes of the opposing current vectors cancel each other out, the sum of the integrated magnetic fluxes
comes to nearly zero, and consequently, the residual inductance is also minimum. Accordingly, the 0Q
reference termination has 0§ with a very low residual impedance (less than 2m) at freguencies up to
1GHz. This residual impedance does not affect the values above the least significant digit of the measure-

ment display output in the practical measurement ranges.

4-5
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Radial vectors of the measurement signal current on the 082 ter-

mination surface,

Contact to

UNKNOWN
connector

508 Reference Termination:

The 508 Reference Termination (Part No. 04191-85301) has a non-reactive impedance of 500 with an
accuracy of £250m$) over the entire measurement frequency range of the 4191 A and is traceable to the
National Bureau of Standards (NBS). The termination impedance of 50 is guaranteed to meet the specified
agcuracy *[I'| £ 0.0025 when shipped with the 4191A instrument from the factory. The accuracy of the
508 termination should be checked when performing the biannual calibration of the 4191A.

*Note: The accuracy of the 5082 rermination is specified for the reflection coefficient. This accuracy
corresponds fo S0 = 0.25 82 in impedance representation (not specified).

0S8 Reference Termination:

When the 0S8 termination {(Part No. 04191-85302) is connected to the UNKNOWN terminal, the stray con-
ductance and the stray capacitance around the terminal are extremely low, thus the 08 termination realizes
a termination admittance fairly close to 0S. As the considerable factor of the stray admittance, the fringe
capacitance present between the center and outer conductors of the UNKNOWN terminal slightly turns the
reflection coefficient vector from that of the true 0S. This fringe capacitance is theoretically calculated to be
between 0.081 pF and 0.083 pF from the dimensions of the termination structure, and the most reliable
value is 0.082 pF. To compensate the calibration data, obtained from the QS Reference Termination, for the
effect of the fringe capacitance, the value of 0.082 pF is continuously stored in the 4191A and is used in the
calculation of the calibration data. When the actual fringe capacitance differs from the stored value, the
error on the measured reflection coefficient phase angle is represented by the following equation:

m A Cy

= -1 —
g 2 tan 10000

where, @ is the phase angle.
f is the measurement frequency in MHz.
ACr is the error of fringe capacitance in pF.

The +£0.001 pF error of the stored 0,082 pF causes a negligible error, less than 0.0006, in reflection co-

efficient measurements, even at 1 GHz.

4-6
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Paragraphs 49 and 4-10

PERFORMANCE TESTS

49, MEASUREMENT SIGNAL FREQUENCY ACCURACY TEST

4-10. This test verifies that measurement signal frequencies of the 4191 A meet the specified frequency accuracy.

Frequency accuracy:
3 ppm at 23°C

FREQ. COUNTER

10000000 = sxsss
o o —

o ©

504
|10dB Attenuator input

Figure 4-1. Measurement Frequency Accuracy Test Setup.

EQUIPMENT:
Frequency Counter ...... .. ... .. . ... .. .. ... ... . .. .. . ... HP 5340A
10dB Attenuator ... .. ... ... ... HP 8491A
TestCable . ... ... .. . .. N type connector cable
Terminal Converter .. ... .. N type female to APC-7
connector (HP 11524A)
PROCEDURE:

1. Connect the 10dB attenuator and the connection cable between the frequency counter input and the 4191A
UNKNOWN connector as illustrated in Figure 4-1.

Set 4191A SPOT frequency to 100 MHz.

Set frequency counter display resolution to 10 Hz.

Frequency counter display readout should be between 99.99970MHz and 100.00030MHz.

v W

Set 4191A SPOT frequency in accordance with Table 4-2. Frequency counter readouts should satisfy the test
}imits listed in Table 4-2 at all test frequency settings.

Note: For units with option 002 (high resolution test frequency), also check at the frequencies listed in Table
4-3.

4-7
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4-8

Table 4-2. Frequency Accuracy Test Limits,

SPOT Freq. Test limits SPOT Freq. Test limits
1.0MHz + 20Hz 405.0MHz +1200Hz
32.0 + 80Hz 405.1 +1200Hz
32.1 + 80Hz 450.0 +1340Hz
33.0 + 90Hz 450.1 +1340Hz
62.5 + 170Hz 500.0 +1490Hz
62.6 + 170Hz 500.2 +1490Hz
125.0 + 360Hz 528.0 +1570Hz
125.1 * 360Hz 528.2 *1570Hz
250.0 + 740Hz 556.0 +1650Hz
250.1 + 740Hz 556.2 +1650Hz
264.0 + 780Hz 588.0 +1750Hz
264.1 * 780Hz 588.2 +1750Hz
278.0 + 820Hz 630.0 +1880Hz
278.1 t 820Hz 630.2 +1880Hz
294.0 + 870Hz 680.0 +2030Hz
294.1 + 870Hz 680.2 +2030Hz
315.0 + 930Hz 744.0 +2220Hz
3151 + 930Hz 744.2 +2220Hz
340.0 *1010Hz 810.0 12420Hz
340.1 +1010Hz 810.2 £2420Hz
372.0 +1100Hz 900.0 +2690Hz
372.1 +]1100Hz 900.2 £2690Hz
1000.0 +2990Hz
Table 4-3. Additional Tests for Option 002,
SPOT Freq. Test limits SPOT Freq. Test limits
10.01 11 MHz t 20Hz 360.0666 MHz +1070Hz
100.0111 +290Hz 400.0777 +1190Hz
251.0000 +74(Hz 440.0123 +1310Hz
270.011t1 +800Hz 500.0000 +1490Hz
300.0999 890 Hz 800.0222 #2390 Hz
330.0333 +980Hz
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Paragraphs 4-11 and 4-12
PERFORMANCE TESTS

4-11. MEASUREMENT SIGNAL LEVEL TEST

4-12.  This test verifies that the measurement signal level at the 4191 A UNKNOWN connector meets the specified
value range at all measurement frequency settings.

Signal Level: -20 £3dBm

POWER METER

[ —
oo oo [owe]
— T
Power
Q o @ o sensor

A A S——

Figure 4-2. Measurement Signal Level Test Setup.

EQUIPMENT:
Power Meter . ... .. ... HP 436A
Power Sensor . ..., HP 8482A
PROCEDURE:

1. Connect the power sensor between the 4191A UNKNOWN connector and RF power meter input as illustrated
in Figure 4-2.

2. Set power meter controls to measure a power level of approximately -20dBm at 100MHz.

3. Set 4191 A SPOT frequency to frequencies from 1 MHz to 1000MHz in 50MHz increments (1, 50, 100, ....900,

950 and 1000MHz). Verify that the power meter display readout is within -20+3dBm at each SPOT fre-
quency setting.

Notes: I Adjust power meter CAL FACTOR dial control for the calibration factor value plotied on the
POWEF SeRSor.,

2. To set the SPOT frequency casier, set the STEP frequency to 50MHz and use the manual fre-
quency sweep function.

49
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Paragraphs 4-13 and 4-14

PERFORMANCE TESTS

4-13.

4-14.

MEASUREMENT SIGNAL PURITY TEST

This test verifies that the harmonics and any spurious signals included in the measurement signal are lower than

the level given in the supplemental performance characteristics of the 4191A.

Supplemental performance characteristic data:

Harmonics ;< -30dB below fundamental

Spurious Level: <-30dB below fundamental

SPECTRUM ANALYZER

O o
oCols
DoCooco (o] e
occoco |eO O O §
Figure 4-3. Measureament Signal Purity Test Setup.
EQUIPMENT:
Spectrum Analyzer .. ... ... HP 141T
w/ 8554B
w/ 8552B
Test Cable ... ... . N type connector cable
Terminal Converter . ... ... ... . . . . . N type female to APC-7
connector (HP 11524A)
PROCEDURE:
I. Connect an N type connector cable to the 4191 A UNKNOWN connector and to the spectrum analyzer input as

illustrated in Figure 4-3 (Use an APC-7 to N type terminal converter).

2. Set the spectrum analyzer controls as follows:

4-10

Center freqUeNCY .. .. .. . e S00MHz
Bandwidth .. ... ... .. . ... e 300kHz
Scanwidth ... ... . e 100MHz
Input attenuation .. ... ... ... ... ... 0dB
Scan time .. .. ... e 10 msec
Logreflevel . ... . .. 0dBm
Display scale .. ... .. .. . 104B LOG
SCan THigEer . . . . e e e AUTO
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Paragraphs 4-15 and 4-16

PERFORMANCE TESTS

3. Set 4191A controls as follows:

START freqUeNCY . .o ot e e e e e e iMHz
STOP frequency . . ... e e 1000MHz
STEP frequency .. ... i e e SMHz

4. Start auto frequency sweep from 1MHz (presskey and SWEEP FREQ/BIAS @ key).

5. Thne second and the third harmenic signal levels should be less than -30dB from the fundamental (at each
sweep frequency peint) on the spectrum analyzer CRT.

Notes: 1. Check for low order (1/2 and 3/2) harmonic signals al frequency points above 500MHz (instead
of the second and the third harmonics).
2. Verifv that the magnitude of the fundamental is greater than -23dBm at all frequencies.
6. Restart auto frequency sweep. Spurious signals should be less than -30dB from the fundamental on the CRT.
4-15. AUTO CALIBRATION TEST
4-16.  This test verifies that the electrical length compensator is appropriately adjusted to optimize measurement
aecuracy.
EQUIPMENT:
Printer .. ... HP 5150A
Reterence Terminations
O e HP 16342A
08 Calibration
SO e Equipment Kit
Note: The accessory reference rerminations (0: (04191-85300, 08: 04191-85302, 502 04191-85301) supplied
with rhe instrument may be used instead of the 165424,
PROCEDURE:

1. Conneect the DR reference termination to the 4191A's UNKNOWN connector. And, conneet an HP-IB
cable between the Printer and the HP-IB connector on the rear panel. Set the TALKER bit of the
ADDRESS switch to on.

2. Set 4191A eontrols as follows :

START FREQ «eveereeerersrsnrsressacessnnsenseseaserssns IMHz
STOP FREQ  eeereererrenvtmrsessrserivssnssssassssesssas 1000M Hz

3. Press the CALIBRATION key {key indicator lamp lights).

4. Press the CALIBRATION-START button.

5. Monitor calibration data (measured T, and [y values) printed out for individual calibration
frequencies. The print outputs should be within the test limits given in Figure 4-4.

6. Perform auto-calibraztion again using the 08 and 500 reference terminations. Verify that the print

outputs are within the test limits for the respeetive termination (in Figure 4-4).

411
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g
S
e
\ -
-~ -
* —~ - o
Figure 4-4.  Calibration Data Test Limits.
Table 4-4. Simplified Test Limits
1292 08 500
-1.1 < I'x £ -0.7 0.7 € 'y £ 1.1 -0.05 <€ I'x <€ 0.05
-0.5 €Ty 0.5 05 < I'v £ 0.5 -0.05 £ I'y < 0.05

Note:

If a printer is not available, compare the auto-calibration data, displayed on the

DISPLAY A and DISPLAY B, with the test limits given here {(easy to remember)
and recheck only the critical test results for Figure 4-4.
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4-17, ERROR CORRECTION FUNCTION TEST

4-18.  This test confirms the functions of the auto-calibration test including calibration data acquisition. memory and
correction caleulations for unartificial measurement data.

Note: It is reconvmended that the auto-calibration fest described in Para, 4-16 be performed before this rest.
EQUIPMENT:
0 reference termination: {Use the same termination that was used in Auto-Calibration).

PROCEDURE:

1. Connect the 0£ reference termination to the 4191A UNKNOWN connector.,

2. Set 4191A controls as follows:

DISPLAY A and B parameters ... ... ... ... .. ... . ....... I's -1y
START FREQ . . I MHz
STOP FREQ . .. 1000MHz

STEP FREQ ... *20MHz
*Note: For units with option 002, set the STEP frequency to 19.98MHz

3. Start the auto frequency sweep measurement from the programmed START frequency (1 MHz). Monitor the
measurement display values on DISPLAY A and DISPLAY B.

4. The display outputs should be within the test limits given below:
DISPLAY A (I'x values) : -1.0000 %10 counts.
DISPLAY B (Iy values):  0.0000 £10 counts.

Nore: TIf this test fails, recalibrate the instrument and re-run this test.

4-13
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4-19. ACCURACY TEST

4-20. This test measures a precision air line at various frequencies and compares the measured values with the cali-

brated values of the air line to verify that the 4191 A meets its specified accuracy.

Note: This test also confirms the measurement accuracy of the reflection coefficient vectors which are out of phase
with the reference termination vectors (in auto-calibration). Accuracy equivalent to that of the reference
termination vectors is established for any phase vecror if an accuraie vector phase detection is achieved. This
can be assured by measuring a precision air line that causes the measured reflection coefficient vector 1o furn

360 degrees as the measurement frequency increases,

The reflection coefficient vector of the air line develops its locus along the circumference of the Smith Chart as

the measurement frequency increases, and allows testing accuracy for all the vectors.

EQUIPMENT:
Reference Air Line . ... .. . . ) HP 16342A
Terminations: OS .. ... . ‘r(‘alibration
OO e 1 Equipment Kit.
PROCEDURE:

Note: The test program tape included in the 163424 Calibration Equipment Kit automatically performs the data
acquisition, comparison, printouts and plotting involved in the accuracy test procedure. For details on the
use of the test program, refer to the Test Program User’s Guide included in the Kir, This paragraph provides

an outline of the test procedure.

1. If the memorized calibration data is not useable in the | MHz to 1000MHz frequency range, perform auto-

calibration for the full frequency range.

[ge)

Connect the calibrated air line (Z20cm long) to 4191A UNKNOWN connector.

Caution: Do not touch the precision contact surface of the air line.

3. Connect the 08 reference termination to the tip of the air line.

4-14
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4. Set 4191A DISPLAY A and DISPLAY B parameters as follows:
DISPLAY A e (I
DISPLAY B .. # (rad)

5. Measure the open ended air line at frequencies identical to the auto-calibration frequencies. Note DISPLAY
A and DISPLAY B readouts (IT'| - # values).

6. Connect the 09 reference termination in place of the 0S8 termination.

7. Measure the short ended air line at the auto-calibration frequencies. Note DISPLAY A and DISPLAY B
readouts,

8. Compare the measurement data obtained in steps 5 and 7 with the calibration data of the air line. The
difference between measured values and the calibrated values should be within the test limits given in Table
4-5,

Table 4-5,  Accuracy Test Limits,

Parameter Test limits
1T C.V. £ (70 + 0.051) counts
f (rad) C.V. £ (70 +0.05f) counts
C.V. = Calibrated value of the air line
f = Test frequency in MHz

Note: The difference between the reflection coefficients measured at adjacent calibration frequencies should

not be more than *20counts.

4-21. DC BIAS VOLTAGE ACCURACY TEST

4-22. This test verifies that the internal dc bias voltages of the 4191 A meet the specified voltage accuracy.

Bias voltage accuracy: = (0.1% of setiing + 10mV)

To rear panel DC BIAS EXT INPUT 7 INT MONITOR

\ Connector
|
|
|
I
1
1 DMM
|
i —— poopo oo
I opoono i go
i onoonon opnoOQoo oo
| ‘I_l
I '
. \ |
D¢ BIAS Switch e e e —— ——— — = ’

Figure 4-5, Internal Bias Voltage Accuracy Test Setup.
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EQUIPMENT:
Digital Multimeter ... ... . .. .. . .. ... HP 3435A
Test Cable . . ... . e BNC to dual banana plug cable

Terminal Converter .. . . BNC to PAC-7 connector

PROCEDURE:

1. Connect the BNC to dual banana plug cable to the DC BIAS EXT INPUT/INT MONITOR connector on the
4191A rear panel and to DMM input. See Figure 4-5.

oo

Set the DC BIAS INT EXT switch on the rear panel to the INT position.

3. Set the DC BIAS switch on the UNKNOWN terminal deck to the ON position. Connect nothing te the UN-
KNOWN connector.

4. Set 4191A SPOT BIAS voltage in accordance with Table 4-6. DMM display readouts should be within the
test limits given in the table,

Tabie 4-6. DC Bias Voltage Accuracy Test Limits

Voltage setting Test limits Valtage setting Test limits
0.01vV 0.00V min ~ 0.02V max - 0.01V 0.00V min ~- .02V max
.03V 0.02V ~ 0.04V - 0.03V - 0.02V ~- 0.04V
0.07V 0.06V ~ 0.08V - 0.07V - 0.06V ~- 0.08V
0.15V 0.14v ~ 0.16V - 0.15V - 0,14V ~- 0.16V
0.31V 0.30V ~ 032V - 031V - .30V ~- 032V
0.63V 0.62V ~ 0.64V - 0.63V - .62V ~- 0.64V
1.27V 1.26V ~ 1.28V - 127V - .26V ~- L28V
2.55V 2.538V ~ 23562V - 235V ~2.538V ~ - 2562V
SRRAY 5095V ~ 5125V - 511V -5.095V ~- 5125V

10.23V 10.21V ~ 10.25V -10.23V -10.21V ~-10.25V
20.47V 2044V ~ 20.50V -2047V -20.44V ~ 2050V
40.00V 39,95V ~ 40.05V -40.00V -39.95V ~ -40.05V

4-16
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Model 4191A Section IV
Paragraphs 4-23 and 424

PERFORMANCE TESTS

Confirmation check

This check verifies that correct de bias voltage is applied to the UNKNOWN terminal.
1. Using an APC-7 to BNC terminal converter, connect the DMM input cable to the UNKNOWN connector.
"

2. Set SPOT BIAS votage in accordance with the table below and verify that the DMM display readouts meet the
test limits given in the table.

Voltage setting Test limits
40.00V 39,95V min ~ 40.05V max
-40.00V -39.95V min ~ -40.05V max
0.00V -0.01v ~ 001V

4-23. BATTERY MEMORY BACK-UP FUNCTION TEST

4-24,  This test verifies that the front panel control settings, memorized by the SAVE function, can be continuously
preserved by the internal stand-by battery if instrument power is lost,

EQUIPMENT:

No test equipment is required.

PROCEDURE:
. Set 4191 A controls as follows:
DISPLAY A/B parameters . ... ... ... . .. . 's-Ty
SPOT FREQ . ... i 100MHz
STEP FREQ . ... 20MHz
HIGH SPEED ... . on

Press kev and STORE DSPL A/B key (o enter the displaved numbers as reference values).
Press DISPLAY A A/A% and DISPLAY B A/A% keys,

hal

Press blue key and SAVE | key (to memorize these control settings).
5. Turn the instrument off, wait a few second and turn it back on. Repeat this procedure 5 times.

6. Press any key. An E-07 error message will accur. Press another key to cause the instrument to skip the pro-

grammed 10 minutes initial warm-up time. The 419TA will go into its automatic initial control settings.

7. Press key and RCL 1 key. Verify that the control settings memorized in step 4 are restored as the actual
control settings.

4-17
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Section IV Model 4191 A
Paragraphs 4-25 and 4-26

PERFORMANCE TESTS

4-25. ANALOG RECORDER QUTPUT TEST (OPT. 004)

4-26. This test verifies that the analog recorder output voltages, available with option 004, are proportional to the
measurement display values with a specified voltage accuracy.

Qutput voltage accuracy: *{0.5% + 2mV)

To rear panel RECORDER OQUTPUT Connector

oooocog
ooppoon ooagogon

l:: aooooooC
O

_________________ A
Figure 4-6. Recorder Output Voitage Accuracy Test Setup,
EQUIPMENT:
Digital Multimeter ... ... . ... . . .. . ... HP 3455A
Test Cable ... .. BNC to dual banana plug cable
PROCEDURE:

I. Press key and |_LL key on the 4191A front panel.

2. Connect the BNC to dual banana plug cable between RECORDER QUTPUTS DISPLAY A connector on the
rear panel and DMM input. See Figure 4-6.

3. DMM readout should be within OV £ 2mV dc.

4. Connect DMM input cable to RECORDER QUTPUTS DISPLAY B and FREQ/BIAS connector. DMM readout
should satisfy the test limits given in Table 4-7.

5. Press key and URT? key.

6. Measure dc voltages at RECORDER OUTPUTS connectors as in steps 2, 3 and 4. DMM readout shouid satisty
the test limits given in Table 4-7.

4-18
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Model 4191A

Section IV
Paragraph 4-26

PERFORMANCE TESTS

7.

11

12.

I3.

14,

15,

Set 4191A controls as follows:

DISPLAY A/Bfunction . ....... ... . i M-y
TRIGGER . e HOLD/MANUAL
RANGE HOLD . e e on
START FREQ .. .. e 1.0MHz
STOP FREQ ... i e e e 1000.0MHz
SPOT FREQ ... e 99 9MHz

Read DISPLAY A output as X and DISPLAY B output as Y,
Calculate X-0.0100 as 0.x,x;X3 %4 and Y-0.0100 as O.y; v, y3 vq value,

Enter the calculated numbers as the reference input numbers for REF A and REF B funections:

Keystrokes : F:EZ[j[ . J[M][XZJ[“][’“] {V ]

REF B MHz cm

COEOEHEEC

Press DISPLAY A AJA% and DISPLAY B A/A% keys. DISPLAY A and DISPLAY B readouts will change to
.0100.

Measure the dc voltage at RECORDER OUTPUTS connectors. DMM display outputs should satisfy the test
limits given in Table 4-7.
Press DISPLAY A A/A% and DISPLAY B A/A% keys to release these functions. Calculate X +0.0100 and

Y + 0.0100. Enter the calculated numbers as the reference input numbers using the procedures described in
steps 8, 9 and 10.

Press DISPLAY A A/A% and DISPLAY B A/A% keys. DISPLAY A and DISPLAY B readouts will change to
-.0100.

Measure the dc voltage at the DISPLAY A and DISPLAY B comnectors. DMM readouts should be within
~100mYV = 2mV for both connector outputs.

Table 4-7. Analog Recorder Output Test Limits,

Output voltage fest limits

Control setting

DISPLAY A DISPLAY B FREQ/BIAS
L LL 0+2mV 0=2mV 0+2mV
UR "t 1000mV £ 7mV | 1000mV + 7mV | 1000mV + 7TmV

DISPLAY A : 100 counts
DISPLAY B : 100 counts
SPOT FREQ: 99.9MH=z

100mV £ 2mV

100mV £ 2mV

100mV £ 2mV
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Section IV Model 4191A
Paragraphs 4-27 and 4-28

PERFORMANCE TESTS

4-27. HP-IB INTERFACE TEST

4-28. This test verifies that the 4191A can be remotely controlled and can transfer measurement data to/from an
external device via the HP-IB. The following HP-IB handshake functions for intercommunication with an HP-IB

controller (desktop computer) are tested.

1) Talk only/Addressable modes. 6) Device clear.

2} Listener. 7) Device trigger.

3) Talker. 8) EOGI (End Or [dentify).
4) Remote/Local capability. 9} Service request.

5} Interface clear.

HP 98034 A ‘1’

1P 9825A

) whado b bt A
[ AN S A O DU Y S I
[ I W U D [P N DN S IO B )
[ S0 N P S D P I ol o e

[ R i i Y wdara

N ¢ =Y

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

EQUIPMENT:

Desktop Computer . ... ... ... .. .. . . .. HP 9825A
wi98210A
w/98216A

Interface Cable . ... ... . . . . .. . . HP 98034 A

PROCEDURE:

[. Connect HP 98034A HP-IB Interface to the HP 9825A Desktop Computer, equipped with [/0 ROM's 98210A/
98216A, and to the HP-IB connector on the rear panel of the 4191A.

oo}

Load the test program listed in Figure 4-8 into the 9825A and run the program.

3. Set 4191A controls and follow the instructions displayed on the 9825A SLD in accordance with Table 4-8 and
proceed with the programmed test routines.

4. Verify that “HP-IB TEST COMPLETED” is displayed on the 9825A SLD at test end.

Note: The data output and remote control functions are not tested for all the available functions in the above

test procedure.
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Model 419 1A Section IV
Figure 4.8

PERFORMANCE TESTS
5. Try the sample programs given in Figures 3-23 and 3-24 of Section HI. Compare the output data with the

specified data format and measured DUT values,

RER, N N AN S

w

Ll ol
[l ]

- v

fh P b ek b s e s
VOO VBN

roror
[N =]

AR Rt Rt
~ON AL

[ARANSE
DR

32:

[&]
(9

34
35:
35
37

38:
39:
40
41
42
432
44
45
46:
47
48:
49,
50
51:
52:
53:
=%
55:
S6:
S7:
58:
39

"% 41914 HP-1B CHECK PROGRAM *zxxx =
dim A$ISCY,B$0(507,D%E32],E81327

spc

spri "#16..HPIB TESY.. ";spc

CYUIVIE;cmplUllU
"4191A HP-1B CHECK PROGRAM®IE$;49sh "SLOWDSPY

"B1o
dsp

LINE CHECK"}ES$;gsbh "SLOWDSP"
SET MEAS,Z,DEG,INT*;=s1p

dsp *SET ADDRESS SW TO TALK OHLY";sip

QFE
time
0:E

2000;0n err "ERR"

rds{7,J,J,R)}J
if bit(7,R¥;g9sb "EOIF3"
if¥ Ezstp ;g9to 5

dsp
for
gsb

"DIG LINE CHECK®
I=1 to 50
YGETDIOY

next I

gsb

Y"TRHS"

if D$04,153="H X X X X X ¥ X";gto "PASS"™

gsb
stp

"PASS " :dsp "

"PRTDIG"
;9o 3

"GETDIO" :rdb (7002 2R
bard (R, U YUsi0r (R, VIV ret
"ERR":pri E$,"HANDSHAKE ERROR"

prt * "s;prt " ";stp s;end
"PRTDIO" :

prt “¥x DI0 LINES k'
prt "8-7-6-5-4-3-2-1"%
pri D$[1,15]

prit * "sprt " "j;ret
"TENS":

eor (U,V231U

PN X A X X X X'iD$l1,15]
for 1=0 to 7

15-2%1K

if bit(I.Ud=1;g9tc 41

*¥¥%¥ PASS *¥%¥¥";wait 500;310

nyZu

"HYIDS$LK K]

if bit (I ,RY:;"L"IDSIK,K]

next I

ret

end

HL3II .

JIUMWsempUIU

cli 7

Icl 7

rem 7

dsp "SET ADDRESS SW 1o ADDRESSABLE";s;stp
173Y;700+Y}Y

“LLISTENER CHECK"}E$;g9sb "SLOWDSP™

dsp " LISTEN,REMDTE,C,D,INT on ?";wrt Y,"COTiAEB3I"
sip

0}E;rddsC7,K, L MINs1f bit{7,M)=1i;gsh "EOIF3®

if E=1;9to 52
“TALKER CHECK"}E$;gsb “SLOMWDSP"
"TALK on & REMOTE off 2%;lcl 7;red Y,A,B:atp
"IFC LINE CHECK"}E$;gsb "SLOMDSP";cli 7

dsp

Figure 4.8. HP-IB Interface Test Program (sheet 1 of 2},
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Section IV Model 4191A
Figure 4-8
PERFORMANCE TESTS

60: dsp "TALK off ?";silp

61: "DEVICE CLEAR CHECK C(AUTU)"}E$;D0}E;gsbh “"SLOWDSP®

62: cir Y

63:

B4: "TENT":writ ¥,"T1"

85

E6: red Y,A$;gsb *DELSP"

67: if A$12,231="2Z" and A$017,171="D";dsp " *#¥¥€ PASS ®¥x" ,wait 300;g9to0 70

B58: pri "DEVICE CLEAR®

89: prt “FAIL:",A$;stp ;9to &1

70: *"TRIGGER CHECK (AUTO)"E$;gsb “SLOWDSPM

71: wrt Y,"ABB3TI";trg Y

72: red Y, A%

73: gsb “"DELSP*"

74: 1if A$[2,21="C"* and AS$I[17,171="D";dsp " *%EX PASS kX" .wmil 300;g9to “L1°

75: prt “TRIGGER CHECKX®" ;prt “FAIL:",A$

76 "L1*:

77: "EOI CHECK (AUTOD"}ES;:gsb "SLOWDSP®

78: OFE

79: wrt V,*T1L"

80: if rdb(¥Y2>#13;jmp O

8i: if bitd0,rds(7 M ,M,MIPI=1;g9sb "EOIFL®

82: if E=1;stp ;g9toc 77

83: if rdb(¥YI#103jmp 0

84: if bit{0,rds(7,M,M MIFQI=05;9sb “EQIF2"

8%: if E=1;stp :cto 77

86: dsp " *¥%% FASS ¥¥%';wait 300

87: ®L2":

88: “SRA LINE CHECK (AUTOD*"}ES$;osb "SLOWDSPH

89: 0}

a0«

91: clr ¥

92: gsb "GETBUS"

83: if bit(5,R)=1;9sb "SRQF1"

94: if E=1;s5tp ;35tc 88

S85: wrt ¥Y.,%illegal code"

96: gsb "GETEUS®

897: if bit(5,R)=0;gsb "SRGF2"

98: if E=1;s5tp :gtc B8

89: dsp * ¥x% PASS ®XX";wait 300

100: prt * ..... PASS..... “i1spc

101: dsp *#% 4191A HP-IB TEST COMPLETED %" ;beep;sip

182: gio 3

103: "EOQIFif:prt "FAIL:EGI LDW FOR ICR1":1}E:ret

104: “EOIF2":pri “FAILZ:EQI HIGH FOR [LF1"3;1}E:sret

105: "EQIF3":prt "FAIL:EQI LINE LOW";1}E;s;ret

106: "SRAGF1":prt "FAIL:SRO LINE LOW*31i}Esret

107: “SRQF29:prt "FAIL:SRQ LINE HIGH":1}E;ret

108: "SLOWDSP":""10$;len(E$D};for W=1 to lenC(E$>;E3[W,WIDE W, Wl ;dsp DS

109: wait 30;next W;wait 608;ret

116: “YGETBUS® :rds(7,P,Q,R23S

111: band(R,WIU5ior(R,V)}IV;sret

$i2: “DELSP":

113: if A$[L,17=" Y;for Ur1 {o 32;A%TIU+1,U+113A3[0U,U)3next Usjmp 0O

114: ret

115: “*TRNGY;

116: eor(U,VI}U

117: "X X X X X X X X"3D$[1,15]

118;: for 1=0 to 7

119: 15-2%1iK

120: if bit(I ,Ud=1;g9t0 101

121: "0*}D$IK,K]

122: if Bit{I,RIs"1"1DSEK, K]

123: next i

124: prt D$[1,157;ret

125: *#1¢":end

#7768

Figure 4-8. HP-IB Interface Test Program (sheet 2 of 2}.
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Model 4191A Section IV
Table 4-8

PERFORMANCE TESTS

Table 4-8. HP-IB Interface Test Procedure.

Step Controller instruction {display) Required operation

1 4{91A HP-IB CHECK PROGRAM (See note)

2 DIO LINE CHECK

3 SET MEAS, [Z], DEG, INT Set the 4191 A controls as follows:
DISPLAY A . ....... |Z]
DISPLAY B ..... ... /8 (deg)
Trigger ... ........ .. INT

Pressm,
4 SET ADDRESS SW TO TALK ONLY Set HP-1B address switch on the 4191A

rear panel to TALK ONLY mode.

BRGEEH

GALK (Set this switch to up position)

Verify that the TALK lamp on the front

panel is lit. Press _

6 SET ADDRESS SW TO ADDRESSABLE Reset HP-IB address switch on the 4191A
rear panel to ADDRESSABLE mode (set
the switch to down position).

Note: TALK lamp may be extinguished.
Press{ s

7 LISTENER CHECK

8 LISTEN, REMOTE, C, D, INT on? Verify that the following indicator lamps
on the 4191A front panel are lit.

1y LISTEN

2) REMOTE

3) DISPLAY A parameter “*C”

4) DISPLAY B parameter *“D”

5) INT TRIGGER

Note: SRQ lamp may light.
Press( ww J . If any of these lamps are
not lit, troubleshoot the instrument.

9 TALKER CHECK

10 TALK on & REMOTE off? Verify that the REMOTE lamp is extin-
guished and that the TALK lamp is lit.

Press [ wme ). If otherwise, troubleshoot

the instrument.

11 IFC LINE CHECK
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Section IV Model 4191 A
Table 4-8
PERFORMANCE TESTS
Table 4-8. HP-1B Interface Test Procedure {continued)
Step Controller instruction (display) Required operation
12 TALK off? Verify that the TALK lamp is extinguished.
Press. If otherwise, troubleshoot
the instrument.
13 DEVICE CLEAR CHECK (AUTO) Note: The remaining tests are performed
14 ks PAGE a{non‘mticall}’. J\"o manual opera-
tion is required for the subsequent
15 TRIGGER CHECK (AUTO) tests.
16 kL PASS #HE
17 EOI CHECK (AUTO)
18 whE PASK wxx
19 SRQ LINE CHECK (AUTO)
21 *419]1 A HP-IB TEST COMPLETED* Note: The 982354 will simultaneously print
oul the message.
CH#IOHPIB ... PASS”

4-24

Note: Messages in steps 1, 2, 7, 9, 11, 13, 15, 17 and 19 appear on the 98254 SLD from

right to left.
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PERFORMANCE TEST RECORD

Hewlett-Packard Tested by
Model 4191A Date
RF Impedance Analyzer
Serial No.
Paragraph Test o Resulifs .
Number ; Minimum Actual Maximum
4-10 MEASUREMENT SIGNAL
FREQUENCY ACCURACY TEST
Frequency setting:
1.0MHz (.99998 MHz 1.00002 MHz
32.1MHz 32.09992MHz 32.10008 MH=z
33.0MHz 32.99991 MHz 33.00009 MHz
62.5MHz 62.49983 MHz 62.50017MHz
62.6MHz 62.59983MHz 62.60017MHz
125.0MHz 124.99964MHz 125.00036 MHz
125.1MHz 125.09964 MHz 125.10036MHz
250.0MHz 24999926 MHz 250.00074 MHz
250.1MHz 250.09926 MHz 250.10074MHz
264.0MHz 263.99922MHz 264 00078 MHz
264.1MHz 263.09922MHz | — 264. 10078 MHz
278 OMHz 277.99918MHz 278.00082MHz
278 1MHz 278.09918MHz 278.10082MHz
294 O0MHz 293.09913MHz 294 00087 MHz
294. 1 MHz 294.09913MHz 294.10087 MHz
315.0MHz 314.99907MHz | 315.00093MHz
315 1MHz 315.09907MH:z 315.10093MHz
340.0MH:z 339 99899MHz 340.00101 MHz
340.1MHz 340.09899MHz 340.10101 MHz
372.0MHz 371.99890MHz 372.00110MHz
372.1MHz 372.09890MHz | — . | 372.10110MH=z
405.0MHz 404.99880MH:z 405.00120MHz
405.1MHz 405.09880MH= 405.10120MHz
450.0MHz 44999866 MHz 450.00134 MHz
450.1MHz 450.09866MHz | 450.10134MHz
500.0MHz 49999851 MHz | — 500.00149MHz
500.2MHz 500.19851 MHz 500.20149MHz
528 0MHz 527.99843MHz | . 528.00157MHz
528.2MHz 528.19843MHz 528.20157MHz
556.0MH>7 555.99835MHz 556.00165MHz
556.2MHz 556.19835MHz | — | 556.20165MHz
588.0MH-> 587.99825MHz | — | 588.00175MHz

588.2MHz

588.19825MHx

588.20175MHz
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Paragraph
Number

Test

Minimum

Results
Actual

Maximum

630.0MHz
630.2MHz
680.0MHz
680.2MHz
744 .0MHz
744.2MHz
810.0MHz
810.2MHz
900.0MHz
900.2MHz
1000.0MHz

Frequency setting

for Option 002:
10.0111MHz
100,011 1 MHz
251.0000MHz
270.0111MHz
300.0999MHz
330.0333MHz
360.0666MHz
400.0777MHz
440.0123MHz
500.0000MHz
800.0222MHz

629.99812MHz
630.19812MHz
679.99797MHz
680.19797MHz
743.99788MHz
744.19788MHz
809.99758 Mz
810.19758 MHz
§99.99731 MHz
904.19731 MHz
999.99701 MHz

10.01108MHz
100.0108 1 MHz
250.99926MHz
270.01030MHz
300.09901 MHz
330.03232MHz
360.06553MHz
400.07651 MHz
440.01099MHz
49999851 MHz
800.01981 MHz

630.00188 MHz
630.201 88 MHz
680.00203MHz
680.20203MHz
744.00222MHz
74420222 MHz
§10.00242MHz
§10.20242 MHz
900.00269MHz
900.20269 MHz
1000.00299MHz

10.01112MHz
100.01139MHz
251.00074MHz
270.01190MHz
300.10079MHz
330.03428MHz
360.06767MHz
400.07889MHz
440.01361 MHz
500.00149MHz
800.02459MHz
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Paragraph
Number

Test

Minimum

Results
Actual

4-12

MEASUREMENT SIGNAL
LEVEL TEST
Frequency setting:

1.0MHz

50.0MHz

100.0MHz

150.0MHz

200.0MH:z

250.0MHz

300.0MHz

350.0MHz

400.0MHz

450.0MHz

500.0MHz

550.0MHz

600.0MHz

650.0MHz

700.0MHz

750.0MHz

800.0MHz

850.0MHz

900.0MHz

$50.0MHz

1000.0MHz

—17.0dBm

MEASUREMENT SIGNAL
PURITY TEST
Maximum harmonic level
{(below fundamental) and
test frequency
Maximum spurious signal
level (helow fundamental)

and test trequency

dB
MHz
dB
MHz

4-16

AUTO CALIBRATION TEST
Test result (Pass/Fail)
00
08
500

ERROR CORRECTION
FUNCTION TEST
Test result (Pass/Faibh)
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v

Paragraph

Results

Nomber Test Minimum Actual Maximum
4-20 ACCURACY THEST
Test result (Pass/Fail)
Note: To make a complete record
of the test results, use the
test program cartridge type
that is part of the 163424
Calibration Equipment Kir
and keep the plotred chart.
4-22 DC BIAS VOLTAGE
ACCURACY TEST
Voltage setting
0.01V 0.00V 0.02V
0.03v 0.02v 0.04V
0.07V 0.06V 0.08V
0.15V 0.14V 0.16V
0.31Vv 0.30V 0.32v
0.63V 0.62V 0.64V
1.27V 1.26V [.28V
255V 2.538V 2.562V
SHLV 5.095V 5.125V
10.23V 10.21V 10.25V
2047V 20.44V 20,50V
43.00V 39.95V 40.05V
—0.01V 0.00v -(.02V
—0.03V —-0.02V ~-3.04V
—0.07V —0.06V -(.08V
-0.15V —0.14V —0.10V
—0.31V —0.30V -0.32V
—-0.63V —0.62V -{1.64V
-1.27V —1.26V —1.28V
-2.55V ~2.538V —2.562V
=511V —5.095V —5.125V
—10.23V —~10.21V —18.23V
2047V —20.44V -20.50V
~40.00V —39.95v - —40.05V
4-24 BATTERY MEMORY

BACK-UP FUNCTION TEST
Test result {Pass/Fail)
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Paragraph . s Results ;
Number Test Minimum Actual Maximum
4-26 ANALOG RECORDER
OUTPUT TEST
Control setting : | LL
DISPLAY A output —0.2mV 0.2mV
DISPLAY B output —-0.2mV N 0.2mV
FREQ/BIAS output —0.2mV 0.2mV
Control setting : UR 1
DISPLAY A ocutput 393mV 1007mV
DISPLAY B output 993mV 1007mV
FREQ/BIAS output 993mV 1007mV
Control setting :
DISPLAY A: 100 counts
DISPLAY B: 100 counts
.SPOT FREQ: 99.9MHz
DISPLAY A output 9&8mV 102mV
DISPLAY B output 98mV 102mV
FREQ/BIAS output 98mV 102mV
Control setting:
[DISPLAY A: —100 counts
DISPLAY B: --100 counts
DISPLAY A output —~98mV ~-100mVv
DISPLAY B output —98mV —100mV
4-28 HP-IB INTERFACE TEST

Test result (Pass/Fail)
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Model 4191A

Section V
Paragraphs 5-1 to 5-14

SECTION V
ADJUSTMENT

5-1. INTRODUCTION

5-2. This section describes the adjustments and checks
required to return the 4191A to the specifications listed
in Table 1-1 after repairs have been made. These adjust-
ments and checks can also be performed along with
periodic maintenance to keep the instrument in optimum
operating condition. The recommended adjustment cycle
for the 4191A 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
descibed in Section VIIIL.

Nore: To ensure proper results and instrument opera-
tion, Hewlett-Packard sugeests a 40 minute warm-
up and stabilization period before performing any

of the adjustments described here.
5-3. SAFETY REQUIREMENTS

5-4. Although the 4191A 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 in-
strument in a safe and serviceable condition. Adjust-
ments described in this section should be performed by
gualified service personnel only.

WARNING

ANY INTERRUPTION OF THE PROTECTIVE
(GROUNDED} CONDUCTOR ({INSIDE OR OUT-
SIDE THE INSTRUMENT) OR DISCONNECTION
OF THE PROTECTIVE EARTH TERMINAL IS
LIKELY TO MAKE THE INSTRUMENT DANGER-
OUS. INTENTIONAL INTERRUPTION, FOR
ANY REASON, IS PROHIBITED.

5-5. The removel 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. EN-

ERGY EXISTING AT MANY POINTS MAY, IF
CONTACTED, RESULT IN SERIOUS PERSONAL
INJURY.

5.7. EQUIPMENT REQUIRED

5-8. All the equipment required to perform the adjust-
ments described in this section are listed in Table 4-1 on
page 4-A. Each piece of equipment listed in Table 4-1
should be calibrated to satisfy its own specifications, as
weli as those of the required characteristics. If the recom-
mended model is not available, any instrument that
equals or surpasses the specifications of the recom-
mended mode] may be used instead.

5.9, FACTORY SELECTED COMPONENTS

5-10. Factory selected components are identifiable by
an asterisk (*) adiacent to the reference designator on the
schematic diagrams in Section VIl {only nominal values
are given). Table 3-2 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.

5.-11. ADJUSTMENT RELATIONSHIPS

5-12. The adjustment procedures described in this
section, beginning with paragraph 5-17, 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 per-
formance. Table 5-3 Hsts the necessary adjustment pro-
cedures 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 illus-
trated throughout the adjustment procedures. The loca-
tions 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 VIII,

5-1
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Section V
Table 5-1

Table 5-1.

Model 4191A

Adjustable Components {sheet 1 of 2).

Reference Designator

Name of Control

Adjustment Purpose

(P:r;CS]- 189) FREQ ADJ To properly set the oscillator frequency variable range.
AlR16 To set the oscillator amplification gain to ensure stable oscil-
BIAS ADJ . .
(Para 5-19) lation over the entire frequency control range.
A4RI
gg To set the tuning controf voltages for the voltage tunable
R4 filter on the A6 board
{(Para 5-23)
(15:1131;12%) BIAS To set the reverse bias voltage for the sampler diodes.
ALOR19 To properly set the compensation magnitude for variations
(Para 5-29) FB in sampling efficiency and to equalize the sampler output
level at all test frequencies.
(If; i; ?12%) BIAS To set the reverse bias voltage for the sampler diodes.
To properly set the compensation magnitude for variations
Al1RI19 FB in sampling efficiency and to equalize the sampler output
{Para 5-29) Ievel at all test frequencies.
(P?rgzgél) SH RANGE ADJ To set the sampling frequency search control range.
Al2R2 To set the center frequency of the sampling frequency
(Para 5-31) CENT ADJ search control range.
(PQ‘EaSS(;SlB) FREQ ADJ To properly set the sampling frequency variable range.
Al6RI1 To adjust the amplitude of the ALC test signal to the ap-
(Para 5-25) propriate level.
(P[:rla’]g-l?}z?) To adjust the detection phase of the phase detector.
Al7R6 To eliminate residual dec offset voltage from the phase
(Para 5-35) detector circuit.
Al1BC3 . R N .
To adjust the clock frequency to exactly 100MHz and to
C36 100MHz ADJ e . A
(Para 5-21) maximize accuracy of the test signal frequency.
(Pﬁfal 5_53%) To set the microprocessor clock generator frequency.
(P?r?i?’/) To set +12V power supply voltage.
(é%j};jl,i) To set +5V (3A) power supply voltage.
(1;?1321;54127) To set +5V (2A) power supply voltage.
A25R1 To properly set the operating temperature of the directional
(Para 5-43) bridge circuit.
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Model 4191A Section V
Tables 5-1 and 5-2

Table 5-1. Adjustable Components (sheet 2 of 2},

Reference Designator Name of Control Adjustment Purpose
A30C1 - To properly set the oscillator frequency variable range.
(Para 5-45) FREQ ADJ (Opt. 002 only)
A33C18 To properly set the oscillator frequency variable range.
(Para 5-47) FREQ ADI (Opt. 002 only)
A33R16 To set the oscillator amplification gain to ensure stable

(Para 5-47) BIAS ADJ oscillation over the entire frequency control range.

(Opt. 002 only)

A40R1 -0
R3 +0 To set the zero bias voltage to exactly zero volts.
(Para 5-41)
A40R2 _FS To set the maximum negative bias output voltage to exactly
(Para 5-41) -40V and to maximize bias voltage accuracy.
A40R4 +FS To set the maximum positive bias output voltage to exactly
(Para 5-41) +40V and to maximize bias voltage accuracy.
A41R] +A0
R2 -A0D
R4 +B0 To eliminate any residual dc offset voltages from the analog
RS -B0 recorder output amplifiers. {Opt. 004 only)
R7 Co
(Para 5-49)
A41R3 A F. 8
R6 B.F.§ To adjust analog output voltage at full scale display counts
R& C.F. 8§ to maximize output voltage accuracy. (Opt. 004 only)
(Para 5-49)

Table 5-2. Factory Selected Components.

Affect on

Component Nominal Value Range
Performance

At the time this manual was printed,
there were no factory selected compo-
nents. Refer to Manual Changes sheet
supplement for a list of the factory
selected components that may have
been added after publication.
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Section V
Paragraphs 5-15 and 5-16

5-15. INITIAL OPERATING PROCEDURE

5-16. Before proceeding with the adjustments described
starting in paragraph 5-17, perform the following three
preliminary steps. This procedure provides access to the
various adjustment points and facilitates a thoroughgoing
adjustment.

[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 40 minute warm-up period,
the instrument should pass the SELF TEST (no etror
message should appear), and the initial control settings
listed in Figure 3-5 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/BOTTOM COVER REMOVAL]

a. Remove the two plastic instrument feet located
at the upper corners of the rear panel.

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

c. Slide the top cover towards the rear and lift off.
The top shield case, housing the A21 microprocessor
digital control board, will be visible,

By first setting the instrument on its side, the same
procedure can be used to remove the bottom cover.

5.4

Model 4191A

[OPENING THE TOP SHIELD CASE]

The top shield case is hinged at the rear and opens
much like the hood of an automobile. It is secured
by a retaining screw, located at the center of the case,
and by two fasteners, located at the front corners.

a. Fully loosen the retaining screw located at the
center of top shield case.

b. Loosen the two fasteners located at the front of
the case.

¢. Raise the top shield case from the front and
continue until it comes to rest on the rear frame.
The top shieldplates of the various circuit board
assemblies, housed in their own shieided cases,
will be visible. Test points and adjustable compo-
nents are accessible through the holes in the shield
phates,

WARNING

AS A SAFETY PRECAUTION AGAINST POSSI-
BLE ELECTRICAL SHOCK HAZARDS AND RE-
SULTANT INJURY, USE INSULATED TOOLS
FOR ALL ADJUSTMENTS.

Caution:

Allowing the top shield case to slam down, when open-
ing or closing, could damage the sensitive micropro-
cessor mounted on the A21 board inside the case.

d. Remove the A2]1 board access-cover, located on
the underside of the top shield case, by loosening
the four retaining screws.
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Model 4191A SectionV
Table 5-3
Table 5-3. Adjustment Requirements.
Assembly repaired Required Assembly repaired Required
or replaced adjustment{s) or replaced adjustment(s)
Al 04191-66501 Para. 5-19. A31 04191-66531 None.
{(VTO) A32 04191-66532
A2 04191-66502 None A33 04191-66533 Para. 5-47.
A3 04191-66503 {(VTO:
250--500MHz)
Ad  04191-66504 Para. 5-23
(Programmable A40 04191-66540 Para. 5-41.
Switch Control (DC Bias Supply)
Driver) A4l 04191-6654] Para. 5-49.
A3 04191-66505 None. {Analog Recorder
A6 04191-06506 Output)
A7 04191-66507
A9 04191-66509
Al0 04191-66510 Para. 5-27, 5-29.
All 04191-66510
Al2 04191-66512 Para. 5-31.
(PLL Sampling
Controller)
Al3 04191-66513 Para. 5-33.
(PLL Sampling
Frequency VTO)
Al5 04191-66515 None
Ale 04191-66516 Para. 5-25.
(IF Ampl./Process
Amplifier)
Al17 04191-66517 Para. 5-35, 5-37.
(Phase Detector/
A-D Converter)
Al8 04191-66518 Para. 5-21.
(100MHz Clock
Generator/Doubler)
A21 04191-66520 Para. 5-39.
(Microprocessor
Digital Control)
A22 04191-66522 None
A23 04191-66523 Para. 5-17.
(Power Supply)
A25 04191-66525 Para. 5-43.
(Heater Controller)
A30 04191-66530 Para. 5-45.
(VTO:
100 —110MHz)

5-5
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Section V Model 4191 A
Paragraphs 5-17 and 5-18

ADJUSTMENTS

5-17. DC POWER SUPPLY VOLTAGE ADJUSTMENTS

5-18. This adjustment sets the output voltages of the internal dc power supply to their levels to ensure that the in-
strument is functioning under the proper operating voltage [evels.

Note: Before proceeding with the dec power supply voltage adiustment, first measure the voltage levels of TPI through
7 on the mother board. If the measured voltages are within the limits listed in the table below, the dc power
supply does not require adjustment. These test points are accessible from the top of the instrument after the
top shield case has been raised. They are located on the right side of the mother board, about 4 cm from the in-
strument frame,

TP Lower Limit Upper Limit
1 5V 5.35V
2 i2v 122V
3 -11.9V -12.25V
4 45V 48V
5 -45V -48V
) 30V 40V
7 -30V -40V
EQUIPMENT:
Digital Voltmeter (DMM) .. .. . i HP 3455A
Voltmeter input cable . .... ... .. .. .. .. ... ... .. Dual banana to dual alligator clip cable.
PROCEDURE:

1. Remove the four screws that secure the dc power supply assembly plate, tocated on the rear panel, as shown in
the figure below.

dc power supply
assembly

retaining screws

The A23 dc power supply board is mounted on the reverse side of the plate.
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Model 4191A Section V

Paragraph 5-18

ADJUSTMENTS

F\J

7.

WARNING

REMOVING THE DC POWER SUPPLY ASSEMBLY EXPOSES THE BLADES OF THE INSTRU-
MENT FAN, SERIOUS INJURY MAY RESULT IF FINGERS, HANDS, OR ADJUSTMENT
TOOLS COME IN CONTACT WITH THE MOVING BLADES. OBSERVE EXTREME CAUTION,

Lower the dc power supply assembly until all components and test points are accessible. If necessary, remove
the cable clamp located on the inside of the rear panel, above the instrument fan, to facilitate access to the A23
board,

Caution: Do not force the cables connected between the A23 board and mainframe.

Connect the positive input of the dc voltmeter to TP8 {(+12V) on the A23 board and the negative input to the

instrument chassis.
Set the voltmeter to a range appropriate for measuring +12V,
Adjust potentiometer A23R8 until the display on the voltmeter is between 11.4V and 12.2V,

Connect the positive input of the voltmeter to the other test points listed in Table 5-4 and adjust the indicated
potentiometer until the display on the voltmeter is within the limits listed in the table.

Table 5-4. DC Power Suppiy Voltage Adjustments,

Test Point Potentiometer Voltage Limits

A23 TP8 A23 R3E [1.4 to 12.2V
TP3 R42 4.9 to 525V
TP3 R41 49 to 5.25V

Return the cable clamp and dc power supply assembly to their original positions.

5-7
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Section V Model 4191A
Paragraphs 5-19 and 5-20

ADJUSTMENTS

5-19. TEST FREQUENCY SYNTHESIZER VTO ADJUSTMENT

5-20. This adjustment sets the controllable frequency range of the AIVTO to ensure generation of test frequency

signals free of signal dead zone and parasitic oscillation at all test frequency settings.
4191A

B To AP

To XA1(SL)

L =
GND |

DC Power Supply

L
I

FREQ. COUNTER

I o O : sop.oogon 0= - =
o 0 O ‘ o © O o — @
500
input
Figure 5-1.  Test Frequency Synthesizer VTO Adjustment Setup.
EQUIPMENT:
Frequency Counter . ...... ... HP 5340A
Spectrum Analyzer . ... ... .. . . e HP141T/8554B/85528B
Connection Cable ... ... ... ... .. . . . .. ... ... N type connector cable
Terminal Converter:
N type female to SMC temale ... ... ... ... .. ... ...... -hp- 125401153
DC Power Supply ... HP 6224B
Power Supply Output Cable ... ........ .. ... .. ... ........ Duial hanana to dual alligator clip cable
PROCEDURE:

1. Stand the 4191A on its right side.

2. Set switch 82 on the A2] board as shown below:
52

AEREARAT

[ L —— ¥}

3. Disconnect the SMC connector (P1) from the A3 board top plate.
4. Remove the A3 board.

Caution: Set the dc power supply to zero (0) volts before performing step 5.

5-8
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Model 4191A Section V

Paragraph 5-20

ADJUSTMENTS

13.

14,

6.

17

Connect the dual banana to alligator clip cable between XA1 pin 91 (board connector) of the 4191 A and the

positive output of the de¢ power supply. as shown in Figure 3-1.

Disconnect the SMC connector {rom AIPL.

Connect the frequency counter input to AI1PL.

Set the 4191A SPOT frequency to 500.0MHz.

Set the dc power supply output voltage to +20V 0.1 V.

Adjust trimmer capacitor AICI18 until the display on the frequency counter reads 502.0MHz £0.1 MHz.

Disconnect the SMC connector from A1P2. Connect the spectrum analyzer input to A1P2. Set the controls of

the spectrum analyzer as loliows:

Input attenuation ... .. .. ... ... ... ... 10dB
Scan Width .. ... . .............. 100MHz/div
Center Frequency ... ... .. ... . ... 500MHz
Bandwidth ... ... . ... ... ... . . ... .. 300kHz

Vary the dc power supply output voltage from OV to +20V and observe the spectrum analyzer CRT. Verify
that there are no parasitic oscillation signals at any VTO frequency. If there are parasitic oscillation signals
present. adjust potentiometer AIR16 until they have been eliminated.

Re-perform step 12 at each SPOT frequency listed in Table 5-5.

Table 5-5. VTO Spurious Signal Test

SPOT freq, VTO frequency variable range Frequency Band
setting Minimum Maximum
500MHz < 440MHz = 502MHz 500 ~ 450MHz
450 < 400 =452 450 ~ 405
400 <365 =407 405 ~ 372
330 <335 =374 372 ~ 340
320 <310 =342 340 ~ 315
300 <290 =316 315~ 294
280 <275 = 295 294 ~ 278
270 <260 =279 278 ~ 264
260 <245 = 2645 264 ~ 250

Disconnect the frequency counter, spectrum analyzer and de power supply from the 4191A.
Reconnect the SMC connectors to AP and A1P2.

Replace the A3 board to its normal position and reconnect the SMC connector.

Reset switch A2182 to its normal position.

5-9
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Section V Model 4191A
Paragraphs 5-21 and 5-22

ADJUSTMENTS

5-21. TEST SIGNAL FREQUENCY ADJUSTMENT

5-22.  This adjustment sets the frequency of the clock frequency generator on the A18 board to a precise 100MHz to

maximize test signal frequency accuracy.

FREQ. COUNTER

10dB ATT—
i 1pR.0o0OGo IZzzz
o 0 O o — g
;on
input
Figure 5-2. Test Signal Frequency Adjustment Setup.
EQUIPMENT:
Frequency Counter .......... ... .. ... ... .. ... .. .. .. .. HP 5340A
FOAB Attenuator . ... ... . HP 8491A
Connection Cable . ... ... .. . ... . . . ... .. N-type connector cable
Terminal Converter ... ... ... .. . . ... . ... ... N-type female to APC-7, HP 11524 A
PROCEDURE:

1. Set the 4191A SPOT frequency to 100.0MHz.
2. Disconnect the SMC connector cable from A13P1 (E-12 will appear on the 4191A display).

3. Connect the 10dB attenuator and connection cable between the frequency counter input and the 4191A UN-
KNOWN connector as shown in Figure 5-2.

4. Remove the AL8 board and re-instail with an extender board.

5. Set the frequency counter to a frequency range appropriate for measuring 100MHz (10Hz resolution).

6. Set trimmer capacitor A18C3 to its mechanical center position.

7. Adjust trimmer capacitor AI8C36 until the display on the frequency counter is 100.00000MHz +20 counts.
8. Remove the extender board and return the A18 board to its normal position.

9. Adjust trimmer capacitor A18C3 until the display on the frequency counter is 100.00000MHz +1 count.

Note: Confirmation check procedure should be performed after this adjustment,

10. Reconnect the SMC connector cable to A13P1 (E-12 will disappear from the 4191A display).

5-10
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Model 4191 A

ADJUSTMENTS

Section'V
Table 5-6

Confirmation Check

Set the 4191A SPOT frequency in accordance with Table 5-6. Frequency counter readouts should meet the

test limits at all test frequency settings.

Table 5-6. Freqguency Accuracy Checks.

Test freq. Test limits Test freq. Test limits
1.0MHz + 11Hz 405.0MHz * 415Hz
32.0 + 42Hz 4051 + 415Hz
32.1 + 42Hz 450.0 *+ 460Hz
33.0 + 43Hz 450.1 + 460Hz
62.5 t 72Hz 500.0 + 510Hz
62.6 + 72Hz 500.2 + 510Hz
125.0 +135Hz 528.0 + 538Hz
125.4 +]35Hz 528.2 + 538Hz
250.0 +260Hz 556.0 * 566Hz
250.1 £260Hz 556.2 + 566Hz
264.0 274 Hz 588.0 + 598Hz
264.1 1274 Hz 588.2 + 598Hz
278.0 +288Hz 630.0 t 640Hz
278.1 +288Hz 630.2 + 640Hz |
294.0 304 Hz 680.0 * 690Hz
294.1 +304Hz 680.2 t 690Hz
315.0 1325Hz 744.0 * 754Hz
315.1 +325Hz 744.2 t 754Hz
340.0 +350Hz 810.0 * 820Hz
340.1 +350Hz 810.2 + 820Hz
372.0 +382Hz 900.0 * 910Hz
3721 +382Hz 900.2 + 910Hz
1000.0 +1010Hz |

5-11
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Section V Model 4191A

Paragraphs 5-23 and 5-24
ADJUSTMENTS

5.23. VOLTAGE TUNABLE FILTER TUNING VOLTAGE ADJUSTMENT

5-24. This adjustment sets the tuning control output voltages for the voltage tunabie filter (on the A6 hoard) to
establish the appropriate frequency pass bands.

A4 board

To A4TP3

— TP3
— GND

DMM @] R4
R3
bopowpoon E
L] o 2] R2
3o

ocoooCa ER‘

onegaoRao aopooooaon fom TP

— — — TP2

Front

Figure 5-3. Voltage Tunable Filter Tuning Voltage Adjustment Setup,

EQUIPMENT;:

Digital Voltmeter .. ... ... .. . ... HP 34535A

Voltmeterinput leads ... ... ... ... ... ... . .. ... ... . ... Dual banana to dual alligator clip leads
PROCEDURE:

1. Connect the DC voltmeter input leads to TP3 and GND pin on the A4 board as shown in Figure 5-3.
2. Set the 4191A SPOT frequency to 520MHz.
3. Adjust potentiometer A4R4 until the voltmeter display reads -3.2V £0.1V.

4. Set the 4191A SPOT frequency in accordance with Table 5-7. Adjust potentiometers R3, R2. and R1 until the

voltmeter readouts are within the voltage limits given in the table.

Table 5-7. Tuning Voltage Adjustments.

Frequency setting Potentiometer Voltage limits
S20MHz A4 R4 -3.2+01V
730MHz R3 ~BA6+0.1V
800MHz R2 ~98101V
SO0MHz R1 -11.4 201V

5-12
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Model 4191A Section V

Paragraphs 5-25 and 5-26

ADJUSTMENTS

5-25,

5-26.

TEST SIGNAL LEVEL ADJUSTMENT

This adjustment sets the test frequency signal level fo meet specified value range.

Al6 board
N

— TPI!

POWER METER — TPIO

— TP9
1 — GND

— TR7

| oooc om| o

l o@ 0O — GND

e ey

— TP%
2] R
. . . — TP4
Figure 54, Test Signal Level Adjustment Setup. — TP3
— TP2
— TP
EQUIPMENT: *
Power Meter ... .. . HP 436A Front
Power Sensor . ... e HP 8482 A
PROCEDURE:
1. Set switch 52 on the A21 board as shown below: 52
Y e
[
il
(o O
[
L
2. Disconnect the SMC connector cable from A15P2. =
=) z
3. Set the 4191A SPOT frequency to 100.0 MHz. o on
4. Connect the power sensor between the 4191A UNKNOWN connecctor and RF power meter input as shown in
Figure 5-4.
5. Adjust potentiometer A16R1 for a -20.50dB £0.05dBm reading on the power meter.
Note: Confirmation check procedure should be performed after this adjustment.
6. Reconnect the SMC connector cable to A15P2.
7. Reset switch A2182 to its normal position.

Confirmation Check

Set 4191A test signal frequency at various settings from 1MHz to 1000MHz in 5MHz steps. Power meter
display should be —20dBm +2dBm at all the test {frequency settings. If the unit under adjustment fails this
confirmation check, re-perform the Voltage Tunable Filter Tuning Voltage Adjustment (Para. 5-23) using a
tolerance of +1V (instead of +0.1V),

5-13
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Section V Model 4191A
Paragraphs 5-27 and 5-28

ADJUSTMENTS

5-27. SAMPLING DIODE BIiAS VOLTAGE ADJUSTMENT

5-28. This adjustment sets the applied bias voltages of the A10 and A1l Sampler circuits to an appropriate value to
prevent the transient ringing of the sampling pulse signal (see illustration) from activating the sampler.

N\ .
Sampling pulse
[
Samptler 1C i with no bias
| |
o ™
o]
/ \
O A N ——
® Ul 60() ‘--"laius voltage
o]
TT 11L To AIOUI + pin _l‘_ Bias voltage shifts this
BSC transient wove to o level below OV.
To chassis 4191 A
oMM
,
oG
gaooogo odo

aonnaoon omomonon
T—  m—a—— | .

Figure 5-56. Sampler Dicde Bias Voltage Adjustment Setup.

EQUIPMENT:

Digital Voltmeter (DMM) ... ... .. .. . .. ... ... HP 3455A

Voltmeter input cable ... ... ... .. .. . . Dual banana to dual alligator clip cable
PROCEDURE:

1. Disconnect the SMC connector cables from AIQOP1 and P2.
2. Remove the A10 board from its shield box and re-install with an extender board.

3. Connect the dc voltimeter (DMM) input cable to test point ““+” on the A10 board and instrument chassis as
shown in Figure 5-5,

4. Adjust potentiometer A10R18 (labeled bias) until the voltmeter display reads 1.2V £0.01V.

Note: Verify that dc voltage at =" test point aon the AI10 board is 1.2V £0.01 V. If this check fails, readjust
AITORIS.

5. Connect the dc voltmeter (DMM) input cable to All board test point ““+>" and instrument chassis, and adjust
potentiometer A11R18 using the procedure described in steps 1 through 4.

6. Re-install the A10 and A1l boards to their normal positions.

7. Reconnect the SMC connector cables to their normal positions.

5-14
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Model 4191A Section V
Paragraphs 5-29 and 5-30

ADJUSTMENTS

5-29. SAMPLING EFFICIENCY COMPENSATION ADJUSTMENT

5-30. This adjustment sets the compensation for decreases in sampling efficiency at lower frequency region of the
sampling frequency control range. Because a maximum change in the sampling frequency (and efficiency) occurs when
the measurement frequency shifts between 11.IMHz and 11.2MHz, this adjustment is performed using these specific

measurement frequency settings.

EQUIPMWNT:

No equipment is required for this adjustment.

PROCEDURE:
1. Stand the 4191A on its right side,
2. Remove the bottom cover from the instrument.

3. Set 4191 A controls as follows:

SPOT FREQ ............... ... ...... 11.1 MHz
STEP FREQ .. ... ... ... ... ... ...... .1 MHz
DISPLAY A/B function ............... I's — Iy

4. Make a note of the readouts on DISPLAY A and DISPLAY B.
5. Press the SWEEP FREQ/BIAS STEP @ key to set the test frequency to 11.2MHz.

6. Adjust potentiometer A11R1Y so that both DISPLAY A and DISPLAY B readouts approximate the values
noted in step 4. Potentiometer A11R19 is accessible through the adjustment hole (labeled FB) on the instru-
ment motherboard.

7. Press the SWEEP FREQ/BIAS STEP key to reset the test frequency to 11.1MHz. Repeat A11R19 ad-
justment (steps 3, 4, 5 and 6) until the difference in display readouts is less than £10 counts.

& If adjustment of AT1RI19 can not satisfy the test limits, adjust potentiometer A10R19 using the same pro-
cedure as that for A11R19 adjustment (steps 3, 4, 5, 6 and 7). Potentiometer AI0R19 is accessible through

the adjustment hole {(labeled FB) on the instrument motherboard.

Note: [f the difference in display readouts can not be decreased to less than 50 counts, troubleshoot A 10
and A1l bogrds. If it does not exceed 250 counts, proceed to the next adiustment procedure.

5-15
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Section V Model 4191A
Paragraphs 5-31 and 5-32

ADJUSTMENTS

5-31. SAMPLING FREQUENCY SEARCH CONTROL ADJUSTMENT

5-32. 'This adjustment sets the output voltage variable range of the A12 PLL Sampling Controller to establish a sampl-

ing frequency control span sufficient for converting any measurement frequency signal to a 100kHz IF signal in the

Sampler.
To AI2ZTPS
Oscilloscope
Figure 5-6, Sampling Frequency Search Control Adjustment Setup.

EQUIPMENT:

Oscllloscope ... e e HP 1740A

Oscilloscope probe ... . . e HP 10006D (10M£2, 10:1)
PROCEDURE:

1. Disconnect the SMC connector (P1) from the AI3 board top plate.
2. Connect oscilloscope input probe (10:1) to test point A]12TPS.

3. Set the oscilloscope controls as follows:
Vertical sentitivity ... ....... ... ..... SV /div
Sweeptime . ... ... ... 10 ms/div

4. Adjust potentiometers A12R1 (SH RANGE ADI) and R2 (CENT ADJ) so that the amplitude of the sawtooth

waveform on the CRT is greater than 20Vp-p. See waveform illustration below:

0.2 £ 0.2v

5. Reconnect the SMC connector to A13P}.

5-16
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Model 4191A Section V

Paragraphs 5-33 and 5-34

ADJUSTMENTS

5-33.

5-34.

SAMPLING FREQUENCY VTO ADJUSTMENT

This adjustment sets the maximum oscillation frequency of the A13 Sampling Frequency VTO to cover the

required sampling frequency variable range (in conjunction with the Sampling Frequency Search Control Adjustment).

2 4191 A

To XA3(IL)
 — T
To AI3P)
DC Power Supply
- T GND
.
| FREQ. COUNTER
© ® f1.onoaecn [ B et
o O‘f\@ ‘ ’ : ‘1 foBle) o) [o —
\_""_ 500
input
Figure 5-7. Sampling Frequency VTO Adjustment Setup.
EQUIPMENT:
Frequency Counter . .... .. ... ... ... ... ... . .. ... ... HP 5340A
Connection Cable .. .. .. .. ... . . ... N type connector cable
Terminal Converter:
N type female to SMC female . ... ... .. .. ... .......... .. -hp- 12501153
DCPower Supply ... .. . . . HP 62248
Power Supply Output Cable . ......... ... ... ... ....... Dual banana to dual alligator clip cable
PROCEDURE:

]

Set 4191A test signal frequency to 11.0 MHz.
Remove the A12 hoard.

Stand the 4191A on its right side.

Remove the bottom cover from the instrument.

Connect the dual banana to alligator clip cable between 4191A XA13 pin IL (board connector) and dc power
supply output as shown in Figure 5-7.

Caution:  Set dc power supply output voltage to zero before connecting output cable.

Disconnect the SMC connector cable from A13P1.

5-17
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ADJUSTMENTS

7. Connect the frequency counter input cable to A13P1.
8. Set the dc power supply output voltage to -18.9V +0.1V (voltage at XA13 pin 1L is negative.).
9. Adjust trimmer capacitor A13C1 until the frequency counter display is within 11.30 and 11.33 MHz.
Note: Use a non-metallic tool for this adjustinent.
10. Disconnect the power supply output cable and the frequency counter input cable.
11. Re-install the A12 board to its normal position.

12. Reconnect the SMC connector cable to A13P1.

5-35. A-D CONVERTER OFFSET ADJUSTMENT

5-36. This adjustment eliminates any residual dc offset voltage from the phase detector cutput to minimize its affect

on the accuracy.

Note: The residual de offset voltage does not significantly affect the accuracy because of the automatic offset com-
pensation period achieved at initiation of the measirement sequence. This adjustment further increases the

accuracy of the offset compensation.
A7 board

AZ| board T AI7TTP3 -\ From A21TPI8

4191 A

Oscilloscope

EXT TRIG
— TP3
EQUIPMENT: Figure 5-8. A-D Converter Offset Adjustment Setup. : ;:i
Oscilloscope oo e e e HP 1740A *
Oscilloscope probe . ... ... . HP 10006D (10M£2, 10:1) Front
PROCEDURE:

1. Connect oscilloscope input probe to Al17TP3. Trigger the oscilloscope externally from A21TPI8 {labeled
RKEY).

2. Observe integrator output waveform for phase I period (see illustration below).

\_.r__J
5-18 Phase | Offset Control Cycle Period
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Paragraphs 5-37 and 5-38

ADJUSTMENTS

3. Set oscilloscope TIME/DIV to 10 ms. Magnify waveform for phase I period on CRT.

4. Ajust potentiometer A17R6 so that the amplitude of the charge waveform (positive going ramp) is minimum.

5-37.

5-38.

Note: The small charge waveform @ (see illustration) shown for the integrator output waveform should
appear in the positive domain. If the primary charge waveform Is a negative going ramp, the small
charge waveform will appear in the negative domain.

— -~
.~ \r_.®
|

“ /

/\ Optimum wavetorm

—

PHASE DETECTOR REFERENCE PHASE ADJUSTMENT

This adjustment sets the 90° detection phase signal input of the phase detector to an accurate 90 degrees in

phase referenced to the 0° detection phase signal and maximizes measurement accuracy.

EQUIPMENT:

Reference Terminations:

119

500 HP 16342 A Calibration Equipment Kit

PROCEDURE:

1.

Perform auto-calibration using the 082, 08, and 5082 reference terminations.
Note: Use the terminations provided in the Calibration Equipment Kit (kit number: Model 163424).
Release the CALIBRATION function (by re-pressing the CALIBRATION key).

Connect the reference coaxial capacitor (318 pF at 10MHz) of the Calibration Equipment Kit to the UN-
KNOWN connector.

Note: The reference capacitor is calibrated in reference to the same 5080 termination supplied in the kit.

Set 4191 A controls as follows:

DISPLAY A function ..................... Tl
DISPLAY B function .................. 9 (deg)
SPOT FREQ ........ ... ..., 10.0MHz
DCBIASswitch ..., .. ... ... ... ... OFF

Adjust trimmer capacitor A17C12 until DISPLAY B readout (phase angle) is the reference value of the refer-
ence capacitor (approximately 90°) within +2 counts (0.02%).

Note: Verify that DISPLAY A readout is within 0.9960 and 1.0000. If otherwise, check the reference capac-
itor and troubleshoot the instrument. 5.19
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ADJUSTMENTS

5-39. MICROPROCESSOR CLOCK FREQUENCY ADJUSTMENT

5-40. This adjustment properly sets the frequency of the microprocessor operating clock as well as the execution

times for various functions (frequency sweep, auvto calibration, etc.) to their nominal values.

EQUIPMENT:

Frequency Counter . ... ... .. . e HP 33404

Connection Cable .. .. .. .. . BNC to dual alligator clip cable
PROCEDURE:

1. Connect frequency counter input cable to A21TP25 and TP7 {GND). Use BNC to dual alligator clip cable. The
AZ1 board is inside the top shield case.

[ 2]

Adjust trimmer capacitor A21C58 until the frequency counter display reads 975 kHz £ 20 kHe.

Note: Use a non-metallic tool for this adjustment.

i
board ° va6
\ [_I =y —
TP25 . I: [ WCSB
- 0001
| s ué6

5-20
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ADJUSTMENTS

5-41. DC BIAS VOLTAGE ADJUSTMENT

5-42. This adjustment eliminates any residual dc offset voltages from the A40 intemal dc bias voltage supply circuit

and sets the maximuim bias output voltage to the specified value to optimize bias voltage accuracy.

A40 board

!

To A4QTP3,TP2

— TP7
- TP6
— TPS

To GND

L TP&
— TP3

DMM
@] R4
opooooon
— alrs.
oooponn| opoaooon — TP
@RI
Front
Figure 5-9. DC Bias Voltage Adjustment Setup.
EQUIPMENT:
Digital Voltmeter (DMM) .. ... o HP 3455A :
Voltmeterinput cable ... .. . . Dual banana to dual alligator clip cable
PROCEDURE:

1. Setthe 4191A interna! dc bias voltage to OV.

2. Connect the dc voltmeter (DMM) input to A40TP3.

3. Adjust potentiometer A40R3 (ZERO ADJ) for a 0V £1mV readout on the de voltmeter display.
4. Connect the de¢ voltmeter input to A40TP2.

5. Adjust petentiometer A40R1 (ZERO ADIJ) for a 0V £ImV readout on the dc voltmeter display.
6. Set the 4191A internal dc bias voltage to 40V.

7. Adjust potentiometer A40R2 («FS ADJ) for a -40V £1mV readout on the de voltmeter display.
8. Connect the dc voltmeter input to A40TP3.

9, Adjust potentiometer A40R4 (+FS ADJ) for a 40V £1mV readout on the dc voltmeter display.
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Model 4191A

b-43.

RF DIRECTIONAL BRIDGE TEMPERATURE ADJUSTMENT

5-44. This adjustment sets the stabilization control temperature of the A25 Heater Controtler which regulates the

operating temperature of the A% RF Directional Bridge circuit assembly.

Note: This adjustment should be performed only when the A25 Heater Controller board has been repaired or when
the posister heater or thermister temperature sensor has heen replaced.
‘ ~_ To A25TP3
i To A25TPS
Probe 1
T
THERMOMETER
DMM
7 L1
conoooogo
— 1 B
~ CI s~ @ ’ DDOooccan Oonoocong
Figure 5-10. RF Directional Bridge Temperature Adjustment Setup.
EQUIPMENT:
Digital Multimeter ...... ... .. . ... . ... . ... . HP 3455A
Testlead ... ... . Dual banana to dual alligator clip lead
Thermometer .. ... ... . .. . . .. . . . HP 2802A
Thermometer probe . ... . . .. HP 18641A
PROCEDURE:

Caution: Be sure to turn instrument off before proceeding with the adjustment setups. Discennect power cable

5-22

plug from instrument socket.

Stand the 4191 A on its right side.

Remove the bottom cover from the UNKNOWN terminal deck.

Remove the A25 board and disconnect the cables from A25]1 and J2.

Note: Allow at least 30 minutes for the temperature of the directional bridge assembly to stabilize,

Hold the thermometer probe to the center of the directional bridge assembly (see illustration).
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e Directiona! bridge assembly.

41914

Main frame —— Probing point,

Note: Use thermal compound to
improve thermal conductivity.
Thermometer accuracy: +0.5°C

5. Make a note of the thermometer readout as I'm with 0.1°C least significant digit resolution.

6. Connect the DMM test leads to pins 2 and 4 of J2 plug. Measure the resistance at an accuracy higher than
11082 and make a note of the DMM readout as Rm.

—ﬁ.__._— DMM test ieads

J2 plug that connects to A25J2

7. Calculate the center value of the optimum setting range of the temperature adjustment potentiometer A25R 1
using the following equation:

Ra = Rm -exp -0.044 X (30—Tm) X 1.237 (§)
&. Connect the DMM positive input lead to A25TP3 and the negative input lead to circuit common.
9. Adjust potentiometer A25R1 for the calculated Ra value, £50€2 on the DMM display.
10. Reconnect cable plugs J1 and J2 to their normal positions on the A25 board.
11. Turn instrument power on.
WARNING

Electrical shock hazard!

AC power line voltage is exposed. Do not touch A25 PC board patterns.
12 Verify that the LED indicator lamp on the A25 board begins flashing.

Note: The indicator lamp will not light when the ambient temperature is greater than 28°C ( the Heater Con-
troller stops functioning).

L3 o Jl

R! LED
]

L]
+ TP3
s TP4
Il ,ﬂ%

®lead O lead TP5 (circuit commeon)
To DMM

J2

5-23
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5-45. OPT 002 TEST FREQUENCY SYNTHESIZER LOCAL VTO ADJUSTMENT

5-46. This adjustment sets the maximum oscillation frequency of the A30 Test Frequency Synthesizer VTO so that

the VTO covers the required frequency controllable range.

Note: A board frequency range on the VTO ensures coverage of the required frequency variable range by properly

setting the maximum frequency.

To A30TPI To A30 Pl

DC Power Suppiy

FREGQ. COUNTER

yo o

AN
\

rfo.0pooon Iz==o=

o C O o — @

502
L ' input
Figure 5-11. Opt. 002 Test Frequency Synthesizer VTO Adjustment Setup.
EQUIPMENT:
Frequency COUNTET ... .. ...t e HP 5340A
Connection Cable ... .. .. . . .. .. e N type connector cable
Terminal Converter:
N type female to SMC female ... ............. ... ... ... “hp- 1250--1153
DC Power Supply ..o HP 6224B
Power Supply outputcable ...... ... ... ... ... ... .. ... Dual banana to dual alligator clip cable
PROCEDURE:

1. Remove boards A3 and A31.

7. Connect the dual banana to dual alligator clip cable between A30TP1 and the dc power supply output as shown

in Figure 5-11.
Caution: Set dc power supply output voltage to zero before connecting output cable.
3. Disconnect the SMC connector cable from A30P1.
4. Connect the frequency counter input cable to A30P1.
5. Set the de power supply cutput voltage to within 10.0 and 10.1V.
Caution: Do not apply a negative dc voltage.
6. Adjust trimmer capacitor A30C1 until the frequency counter display readout is within 111.5 and 112.0MHz.
Note: Use a non-metallic tool for this adjustment.
7. Reinstall A3 and A31 boards in their normal posifions.

8. Reconnect the SMC connector cable to A30P1,

5-24
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5-47. OPT 002 TEST FREQUENCY SYNTHESIZER FINAL VTO ADJUSTMENT

5-48. This adjustment sets the controllable frequency range of the A33 VTQO to ensure generation of test frequency

signatls free of signal dead zones and parasitic oscillation at any test frequency setting.

EQUIPMENT AND PROCEDURE:

The A33 VTO board is identical to the Al board of the basic instrument and has a different part number
because of the option 002 circuit,

Adjustment can therefore be performed using the same equipment and procedure as for the Al board adjust-
ment. Follow the Test Frequency Synthesizer Adjustment in Paragraph 5-19 and, to make the procedure

applicable to the A33 board, change portions of the adjustment procedure as follows:

13 Change the board number A1 in all the steps to read A33.

2) At steps 3 and 4, disconnect the SMC connectors (P1, P2 and P3) from the A32 board top plate and remove

the A32 board.
3) At step 5, connect the alligator clip cable to XA33 pin 9L (instead of XAl pin SL).

5-49. OPT 004 ANALOG RECORDER QUTPUT ADJUSTMENT

5-50. This adjustment eliminates any residual dc offset voltages from the analog recorder outputs and sets the maxi-

mum output voltages to the specified values to maximize output voltage accuracy.

A4l hoard

I— TP5

To A4ITR2 (@] R8

@] rR7

To chassis ) zj ??»4
— TP3

2] rs

2] ra
oMM 213,

coonooo :@R3
—1 N ol ne

nooooDo v O
oopoooo)l ooonpe oo @Rl
— — — TPl

Front

Figure 5-12. Opt. 004 Analog Recorder Output Adjustment Setup.

EQUIPMENT:

DC Voltmeter (DMM) . .. ... HP 3455A
Voltmeterinput cable ... .. ... . ... . i Dual banana to dual alligator clip cable

5-25
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PROCEDURE:

Press the key and { LL key on the 4191 A front panel.

Connect the dual banana plug to alligator clip cable to the DMM input and A41TP2 (connect negative lead to

instrument chassis).

Connect a short clip lead to A41TP1 and to the chassis (ground TP1).

Adjust potentiometer A41R2 (-A8) for a 0+0.5mV dc readout on the DMM display.
Connect the DMM input posititve lead to A41TP4.

Disconnect the short clip lead from TP1 and connect it to TP3 (ground TP3).

Adjust potentiometer A4IR35 (-B#) for a 020.5 mV dc readout on the DMM display.
Remove the short clip lead.

Connect the DMM input positive lead to TPS, TP1 and TP3. Adjust potentiometers R7, R1, and R4 until the
DMM display readout meets the test limits given in Table 5-5.

Table b-8. OQOutput Offset Zero Adjustments.
DMM input Adjustment - Adjustment
. . , Test limits .
connection point potentiometer condition

TP2 R2 (-A8) 0+0.5mV Ground TP1
TP4 R5 (-B&) 0x0.5mV Ground TP3
TP5 R7 ( C&) 0%0.5mV —
TP1 R1 (+A8) 005mV —
TP3 R4 (+B#) 0+0.5mV —

10. Press the key and UR _>T key.

11,

5-26

Connect the DMM input positive lead in accordance with Table 5-9 and adjust potentiometers R6, R3 and R8

for the test limits given in the table.

Table 5-9. Full Scale Output Adjustments.
cometon point | potentiomets: Testlimts
TP3 R6 (B.F.§) 1000mV £ 0.5mV
TP1 R3 (A.F.5) 1000mV £ 3.5mV
TPS R8 (C.F.§) 1000mV £ 0.5mV
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SECTION VI
REPLACEABLE PARTS

6-1. INTRODUCTION.,

6-2.  This section contains information for ordering
parts. Table 6-1 lists abbreviations used in the parts list
and throughout the manual. Table 6-3 lists all replaceable
parts in reference designator order. Table 6-2 contains
the names and addresses that correspond to the manu-
facturer’s code numbers.

6-3. ABBREVIATIONS.

6-4, Table 6-1 lists abbreviations used in parts list,
schematics and throughout the manual. In some cases,
two forms of abbreviations are used, one in all capital
letters, and one in partial capitals or no capitals. This
occurs because the abbreviations in parts list are always
all capitals. However, in the schematic and in other
parts of the manual, other abbreviation forms with
both lower case and upper case letters are used.

6-5. REPLACEABLE PARTS LIST.
6-6. Table 6-3 is a list of replaceable parts and is
organized as follows:

a.  Electrical assemblies and their components in
alphanumerical order by reference designation.

b.  Chassis-mounted parts in aiphanumerical order
by reference designation.

c.  Miscellaneous parts.

d. [lustrated parts breakdowns, if appropriate.

The information for each part includes:

a.  The Hewlett-Packard part number.

b.  The total quantity (Qty) in the instrument.

A description of the part.

A typical manufacturer of the part in a five-
digit code.

e. The manufacturer’s number for the part.

e

(=N

Table 6-1. List of Reference Designhators and Abbreviations.
REFERENCE DESIGNATORS
A - assembly E = misc elecironic part P = plug U - integrated circuit
B = motor F = fuse Q@ = transistar v = vacuum, tube, neon
BT - battery FL = filter R = resistor bulb, photacet], etc,
C = capaciior J = jack RT = thermistor VR = vallage regulator
cP - coupler K = relay ] = switch W = cable
CR = diede L = inductor T = transformer X = socket
DL : delay line M = meter TR = terminal board b'e = crystal
DS = device signaling (lamp) MP - mechanical part TP = test point
ABBREVIATIONS
A = amperes H = henries NPN = negative-posilive- RWY = reverse working
A F.C. =autumatic [requency conlrol HEX = hexagonal negative voltage
AMPL - amplifier HG = mercury NRFR = hot recommended for
_ . X HR = hour{s) field replacement
B.F 0. - ueat frequency oscillator Hz - hertz NSR - not separately 5-B = slow-blow
BE CU - beryllium copper ‘
; . replaceable SCR = sérew
BiH = binder head ¥ = intermediate freq. !
SE = selenium
BP = bandpass IMPG = impregnated SECT - section(s)
HRS = brass INCD = 1ncandescent OBD = order by description SEMICON = semiconductor
BWO = backward wave oscillator INCL = includels) OH = oval head P . silicon
R INS = insulation{ed} [9):4 = oxide .
cocw = counter-clockwise INT - internal SIL = silver
CER « geramic - SL = slide
CMO = cabinet mount only k = kile = 1000 p - peak SPG = spring
COEF - coefficient _ R - SPL = special
COM = common Li = left hand BC = printed cirguit sST - stainless steel
COMP - camposition LIN = linear taper E = pico = 10 SR - split ring
LK WASH - iock washer PH BRZ - phosphor bronze _
COMPL = complete LOG .+ lowariihmi PHL - Philli STL = steel
CONN = connector = logarithmic taper = Phillips
- ) LPF = low pass filter PlV - peak inverse volfage B
CP = cadmiucm plate PNP - nositive-nepatives TA = tantalum
CRT = calhode -ray tube . -3 = posit i TD = time delay
m = milli = 10 positive B
cW = clockwise ] : TGL = toggle
M = meg = 10 PO = part of THD - thread
DEPC = deposited carbon MET FLM = metal lilm POLY = polystyrene T . titanium
DR = drive MET OX - metallic oxtde PORC = porcelain _
MFR N fact P i itionis) TOL = tolerance
ELECT - electrolytic MiNAT o manoAclurer POT et TRIM - trimmer
ENCAP = encapsulated M - miniature = polentiomeler TWT - traveling wave luhe
EXT ~ external MOM = momentary PP - peak-to-peak
MTGC - mounting PT = point " - micro = 1078
F = farads MY = “mylar" FWV = peak working voltage -
f - femto = 10717 -5 VAR = variable
FH - Dlat head he < nano "nm - VDCW - de working ¥olts
- } = normally close .
i;lbl{ - ﬁi{l;:ler head wE . neon RECT - rectifier W = with
- s NI PL - niekel plate RF - radio frequency W = walts
G = glga = 1 NO - nermally open RH - round head or WIV - working inverse
GE = germanium NPQ = nepative positive zero vight hand voitage
GL - dlass fzero temperature RMC = rack mount only Ww = wirewound
GRD = groundled) coefficient) RMS - root-mean square WO = without
0001 -8700

6-1
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The total quantity for each part is given only once —
at the first appearance of the part number in the list.

6-7. ORDERING INFORMATION.

6-8.  To order a part listed in the replaceable parts
table, give the Hewlett-Packard part number, indicate the
quantity required, and address the order to the nearest
Hewlett-Packard office.

6-9. To order a part that is not listed in the reptace-
able parts table, state the full instrument model and
serial number, the description and function of the part,
and the number of parts required. Address your order to
the nearest Hewlett-Packard office.

6-10. SPARE PARTS KIT.

6-11. Stocking spare parts for an instrument is often
done to insure quick return to service after a malfunction
occurs, Hewlett-Packard has a Spare Parts Kit available
for this purpose. The kit consists of selected replaceable
assemblies and components for this instrument. The con-
tents of the kit and the Recommended Spares List are
based on failure reports and repair data, and parts sup-

port for one year. A complimentary Recommended

Model 4191A

Spares List for this instrument may be obtained on
request and the Spare Parts Kit may be ordered through
your nearest Hewiett-Packard office.

6-12. DIRECT MAIL ORDER SYSTEM.

6-13.  Within the USA, Hewlett-Packard can supply

parts through a direct mail order system. Advantages of
using the system are:

a. Direct ordering and shipment from the HP Parts
Center in Mountain View, California.

b, No maximum or minimum on any mail order
(there is a minimum order amount for parts
ordered through a local HP Office when the
orders require billing and invoicing).

¢.  Prepaid transpoertation (there is a small handling
charge for each order).

d. No invoices —to provide these advantages, a
check or money order must accompany ¢ach
order.

6-14.  Mail order forms and specific ordering informa-
tion is available through your local HP Office. Addresses
and phone numbers are located at the back of this
manual.

Table 6-2. Manufacturers Code Lists.

MFR NO. MANUFACTURER NAME ADDRESS Z1P CODE
C0633 AKTIEBOLAGET RIFA BROMMA SE

Q0000 ANY SATISFACTORY SUPPLIER

00034 NIPPON ELECTRIC CO

01121 ALLEN-BRADLEY CO MILWAUKEL Wl 53204
01285 TEXAS INSTR INC SEMICOND CMPNT DIV DALLAS ™ 75222
01928 RCA CORP SOLIL STATE DIV SOMERVILLE NJ 08876
02114 FERROXCUBE CORP SAUGERTIES NY 12477
03528 JOHANSON DIELECTRICS INC BURBANK CA 81570
04713 MOTOROLA SEMICONDUCTOR PRODUCTS PHOENTX Az 85062
06665 PRECTSTION MONGLITHICS INC SANTA CLARA CA 95050
07263 FAIRCHILD SEMICONDUCTCR DIV MOUNTAIN VIEW CA 94042
11236 CTS OF BERNE INC BERNE IN 46711
12954 SIEMENS CORP COMPONENTS GROUP SCOTTSDALE AZ 85252
19701 MEPCO/ELECTRA CORP MINERAL WELLS % 76067
20932 EMCON DIV ITW SAN DIEGD CA 92129
24546 CORNING GLASS WORKS {BRADFORD) BRADFORG PA 16701
25403 AMPEREX ELEK CORP SEMICON & MC DIV SLATERSVILLE RI 02876
27014 NATIONAL SEMICONDUCTOR CORP SANTA CLARA CA 95051
28480 HEWLETT-PACKARD CO CORPORATE HQ PALO ALTO CA 94304
32293 INTERSIL INC CUPERTING CA 95014
32997 BOURNS INC TRIMPOT PROD DIV RIVERSTDE CA 92507
34335 ADVANCED MICRO DEVICES INC SUNNYYALE CA 94086
51642 CENTRE ENGINEERING INC STATE COLLEGE PA 16801
52648 PLESSEY SEMICONDUCTORS SANTA ANA CA 92705
52763 STETTNER-TRUSH INC CAZENOVIA NY 13035
56289 SPRAGUE ELECTRIC CO NORTH ADAMS MR 01247
72136 ELECTRQ MOTIVE CORP SUB IEC WILLIMANTIC cT 06226
74970 JOHNSON E F €O WASECA MN 56093
75915 LITTELFUSE INC DES PLAINES It 60016
8E175 BURR BROWN CO HUNTSVILLE AL 35801



https://www.manualsplus.com/

Model 4191A

Table 6-3. Replaceable Parts

Section VI
Table 6<3

Reference HP Part |c Q o Mfr
: . t Description Mfr Part Number
Designation Number (D Y p Code
[T G191 ebkBay | 8 1 VTD (250=500MHZ) BOARD ASSEMSLY Fhubo 0419t=b650)
I 3141 G1ao=2088 9 1863 CAPACITORFXD L 01UF +B8a20% 100VOC CER 20489 J1b0e205S
g2 H1a0=207% 9 CAPACITORSFXD ,Q1UF +B0s20X 0OVDL CER ELTLY 0160w2055
byl Gi80e2088 9 CAPACITORWFXD _a1UF #80s20% 100VDC CER 2Hulg 0160w205%
Aica 1602059 9 CAPACITOR®FXD ,0lUfF +80=20% 100YDL CER 28460 Dlb0w205S
s 0180e2088 L] CAPACITOReFYED ,plUF +80=20% 100VDC CER ELYLY 0160w205%
AL 016092058 9 CAPACITORS¥XD ,otUF +80e20% 100VD{ CER 28480 0tb0mw2055
ALCT 0160.205% 9 CAPACITORFYD ,DEUF +BO=20% 10QVDC CER 28460 01602055
[314] 1 60m2058 9 CAPACITORSFXD _oLUF sROa20% 109vDC CER 26480 0160m2055
1311 16022055 9 CAPACITOR®®XD ,01UF ¢BOwdoX 100YDE CER 28480 0le0w205%
[3141] G180=3878 [ 3s CAPACITORFXD (ongPF +=20% i00VDL CER 28480 5140m38TH
AqCty t1t0=3878 [ CAPALITORSFXD tongPF emp0x t00VDL CER 28ubD 0150=3478
L 151L G160=3878 [] EAPACITOR=FYD 1000%F +=20% 100YDE CER 28480 21s0%3874
hiC13 0tb0e3BTE [ CAPACTITORWFXD 1000PF ea20X 100VDC TER 28480 Di60e3ATA
atcld 0fbgm1ATE [ CAPACITOR=FED 1000PF +=20% 100V0C LER 26480 0160w3878
[ YY1 DE60e1BTA [y CARPACITORRFXD 1000PF swd0x 100VDL {ER ELELY] 0ladwlaTa
(3131 ] pibo=3ATA [ CAPACITORFXD 1a00PF +w20Y 100Y0DL CER 28480 0l140=3878
ALC1T 0160=3878 [ CAPACITORFXD {0Q0FF +m20% 1GOYDL CER 28480 ¢l60=3878
ACy8 0121 m0U%3 ] 1 CAPACITORaY TRMRGAIR 1 ,3a5,4FF 29¢V T497p 187a030310%
AMCL? 01220072 b 7 DIODEwVYL 2,2PF 5% [3/C2SeMIN®Y,S naT13 Baio%e
hLE19 0160w3878 [ CaPACITORWMFXD 1000MF +w20% 100YDC CER 28uk0 01803878
hC2n 0ib0a3BTY i 39 CAPACITORSFXD _g1UF 4e20% 100YDC CER FLYT L Qlbam3a7e
Aty 0}b0e38T7T H L1 cacalyTore¥xb 1099! +s20% 200yDC LER 28480 0160=3877
agtap [FLT LR 1A 1 5 CAPACITORWFYD 4 7PF 4o SPF pogVOC CER FLYLL] 0160=3873
AiC23 0160=3874 H £o CAPACITORSF XD 1097 +u,5PF 209y0C CER 28480 0160=3874
AC24 01603872 [} A CAPACITORRFXED 2,2PF +e,25PF 200YD( CER 288G clg0=3ar2
(314 1 Dlboeg23e A [’ CAPACITUR®FXD 1PF +m,23FF S00VDL CER 28480 0160=2236
hiL2s 0160=2058 9 CARPACTTORGFRD _niUF +80a20% 100VDL CER 28480 01b0w2058
(3414 0180m2979 ] 10 CAPACITOR=FXD 220uF+e20X 16VDC Ay 28480 DiBRugITY
ACae D160a3879 T CAPACITORFED ,0{UF +=20X% 100YDL CER 28480 t1abe1ary
AC29 01603879 T CAPACITOReFXD ,01uF ¢e2o¥ 100VDC CER 28480 G1a0w3aTY
(313 1 D140=3B77 5 CAPACITORFXD f00PF +w20x 200VDC CER FLELY clana3ATT
11471 0160a3BTT 5 CAPACITORFYD 100PF sadoy 200¢y0C CER 28480 Glb0w3ATT
AlC32 D1b0e2244 8 \ CAPACITORFXD 3pF 4=, 25pF S00YDC CER 2BuBp G160=2pud
(334 1] 0160a22%6 2 [ CAPACITORSFXD 9 1PF 4, 25PF So0VDC LER 28u8p 16002256
ALC3Y 0160w3878 [ CAPACITOR=FXD 1000FF +=20% J0OVDL CER 28u8¢0 A1aCa3RTE
Gy D1bp=3879 ? CAPACITORSFXD  31UF ww20x 100VDC CER 28480 0160n3AT9
ALtC3S 01602253 9 i CAPACITOR®FYED &,8PF +w 25PF SOOYDC CER 28480 0160=2253
AL034 D160wSBTY 5 CAPACITORFXD 139PF +wd0% 20OYEL CER 28udg P1a0nSATY
ALER? 0160=35879 7 CARACITOR=PXAD ,GI1UF +s20X 100VDC CER 2848y CloG=3ATH
AtC39 bisp-3878 b CAPACITOR=FXD 1000PF +=20% fo0ovDL CER 28480 Q16038TR
AtC40 01603878 3 [} CAPACITORFXD 22PF +e8X 200V0C CER neald 28480 0160w3BTY
Ajcat 0160=3877 H CAPACITOR=FXD 100BF +s20X 200VQL CER 28480 C1p0=3B77
Aytuz P160e3877 5 CAPALITORRFXD 100PF +m20% 200VDC CER 20480 0160w3AT7?
[F113] 01601874 2 CAPACITOR=FXD {QPF +# 5RF 200vDC CER 28ul¢ 01403874
AyCay 01bned R4l 5 1 CAPACITDRWFXD 2, 2PF +u,25PF So0vDL CER FLELL] pleomdady
htlag Olag=3ayY H CAPACITOR=FAD 100PF +ei0X 200V0C CER 28480 01p0wsa7y
kyCap 0160a3BTY 7 CAPACETOR=EXD _niuF +w20X% 100VDL CER 28480 ole0nsn?e
[ 11134 Olspm3878 ] CAPACITORFXD t0D0PF +m20% 100VDC CER 28080 0lp0=3874
ArCus 0ladwl8Td H CAPACITORRFED (0PF 4w SRF 200VDL CER FLTLY 0leoelsTy
ALCAS 01602055 L CAPACITORSPXD ,01UF +30e20% 100YDL CER 28480 Gle0=20%5
hgpdn 01602058 L] CAPACITOR=FXD ,01UF +80w20% (00VDL CER 28400 0160w205%
3111 01802979 ] CAPACITOR=FXD 220uUF+m20X 16VDC AL 28480 0180=2979
[ 3111 0186e1033 3 84 CAPACITOR-FXD 33uF -10%+75% 25WvDC AL 28us0 GiAow] oAl
311} 01852979 ] CAPACITORWFXD 220UF+=20X 16VDC 2L 2Bak0 0180w2979
(Y4 1] 31403879 T CARPACITOR=FXD Qiu¥ +=2nX 100v0L CER 20480 Gla0=3879
(31411 01603879 7 CAPACKTOR=FXD ,01uF +=20X% J00yOC CER 28480 G160w3ATY
(314 1] G160e3B?9 1 CAPACITORFXD ,01uF +=20x f00vDC CER 28489 Binoeinte
hiCRY BiRE=010% [)] 13 DIDDE VWG High 0 28Ymax 11pF(Vr 30 ) 20480 Gl22=0409
ALCR2 0122-0109 ] DIODE WWC  High 0 28VYmax 11pF(¥r=3V) 28480 qQlZE=0y09
Y15 01224109 0 DIDDE YYC High § 28Ymax 1TpF(Vr=3V) 28480 0122m0109
AiCRY g1d2=0109 )] DIDDE WWC  High 4§ 28Vmax T1pF(Yr=3v) 2A4AG G122=010%9
ACRS 01220109 0 DIBDE WWC  High § 2BYmax T1pF{Vr=3Y) 28586 piza=ny09
AyCRE 0122=0109 0 BIODE ¥YE High O 28¥max 13pF{y¥r=3V) 20480 Ci1g2e0109
A§CRT Bl2Een109 o DINDE WYL High O 28Vmax 17pF{Vr=3V) FLTT1 1220109
a4 CRA 41220109 o DIOGE WYE High O 28¥max 11pF{Vr=3V; 28480 ¢12a0§09
(318 1 00mp247 4 (1] COJLeMLD {00NH pox Am34 ,095DX ,25LG=NOM 28u8¢ Fi00w22u?
At 1002247 4 COILmMLD $O00NH 10X OWS4 ,0950X,25LGeNOM 28480 S100mEAUT
ALl noe22a? 4 COTLeMLD 100NH (0% Gm34 ,095DX, 25LGeNOM 28489 9100ep2u7
[N 9L 00w2247 4 COTLmMLD 10ONH 105 DE3D L 095DX, 2% GeNOM 26480 PI00=R2UT
[T} V100wp24T u CATLwMLD SOONH 10% Q834 0950, 25LGaNIM 2Budy S100wa2UT

See introduction to this section for ordering information
*[ndicates factory selected value
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Section VI Model 4191 4
Table 6-3

Table 6-3. Replaceable Parts

Reference HP Part |c| o o Mfr
; ) t Description Mfr Part Number

Designation Number (D Y P Code
itk F100up4T [ COIL=MLD 100KH oy QESH 0950K, 5L G=NOM asado 9100=2247
ALY 9100e2247 4 CQIL=MLD 100ONM (0X O83A 0950X,23L0=NOM 28480 9100=2247
Atle 2100wp247 [] COILwMLD L00NH 10X AP3A ,09%0X,25LGeNOM 28480 9100m224?
ALY F100=2247 [] COILwMLD 100NH 10X Q834 ,095DX,25LG#NOM 23480 91002247
(ST Y] 9100=p24T 4 COILwMLD A0oNK 1oX QB34 GI5DX,25L0eNOM 28480 9400mp247
il F1oo=2Ru7 [ COIL=MLD 10NN joX Q34 ,095DX,25LORNOM 28480 Fio0m2247
A2 om0 0T8 3 5 COTLmMLD 2,2UM §o¥ 9833 ,{59Dx , 378LGwNOM 28489 9400098
ALL1d 91 Toe0029 3 ] COREmSHIELDING NEAD 20480 §170=0029
L1MP1 0380w 007 H 27 STANDOFFeRVTwDN ,43BaINwi,G 4s40YHD 0000 ORQER BY DESCRIRTION
AMpy 2190124 [ 21 HASHERWLK INTL T NO, 10 ,t95eINelD 28489 21%0w0124
AfMey 2200=0142 g 49 BCREWWMACH Gado ,312eINeiG 100 DEG 00000 DROER BY DEBCRIATION
AYMPY 2360=014% 4 au SCRENMALH 832 ,312«INai PAN«HD=POZ] 00000 DROER BY DEBCRIPTION
LimMeg 2950e0078 [ 21 NUTwHEXaDBLoCHAM 10n32eTrD ,06T=]N=THK 28480 2950=0078
[FLLTY 3001e0173 1 t4 28480 S601m01 73
AjMPY gd1 9 =ipboy | ) 1 AHIELD=BDX 28489 LI E-T T3]
AqMps D&191s0DR02 | 2 3 MTELDwBOX FLTEN 0411 wo0b02
AgMPO Gd1P L mb 0000 | O 1 COVER 28480 04191 #60000
Pt 12501220 0 21 CONNECTORmRF SMC M AC 50e0HM 28480 12%50w1220
ALP2 12501220 0 CONNECTOR=RF BME W BC S0«0HM 28480 1250mi220
10t 1864=0130 M 12 TRANSISTOR NPN S PD=350MW FT=4.5GHZ 8u80 1854w0130
[$1-H] 185850128 3 1 TRANSISTOR FET N-CHAN MOS Si 28489 185%wpt2d
4103 18500345 8 L] TRANBISTOR NEN 2NSL17% S1 T0eT2 PON200OMH 04713 IN51T9
A104 1RSdapt 30 1] TRANSISTOR NPN Si PD=350MW FT=4.5GHZ 28480 185401350
4163 18%3a0020 4 H TRANBIBTOR PNP 8] PORIDOMA FTmiSOMMZ 28480 185300020
ALRYL 068322218 1 19 RESIOTOR 220 5% ,2%% FC TEW=d00/¢b600 (TR ¥ 3! £BRRLS
Ay R2 N6A32215 1 RESIBTOR 220 5% ,2%% FC TCM=d00/4600 gl ch2218
A1R% 06832215 1 RES18TOR 220 9% ,2%% FC TCU=U00/4600 oi1d CBR2LS
AIRY 0683+2215 H RESISTOR 220 S% ,2%0 FC TCemdo0/+800 o412} 8RS
[ YL [TLETF YL 1 REBISTOR 220 5x ,254 FC TCama00/+400 pi124 ce221s
Ay Ro 068322215 1 RESISTOR 220 %% ,2%W FC TLmwdQo/e000 [3RY-3} 82218
afR7 068342215 i RESYSTOR 220 SX ,25W FE TLxed00/4600 otidl B2ty
ARS8 068%.2218 1 RESIATOR 220 5% 25N FC TLRedn0/esn0 o142 CB2218
ARY 0683e2215% 1 RESISTOR 220 5% 254 FC TCwed00/4600 01121 £B21s
R0 06833035 1 38 RESISTOR 10K 5% ,254 FC TOmwdo0/+To0 ol CE10DS
[YLIN] 06983155 3 4 REBYSTOR o, 6aK 1§ ,1260 F TCw04elgd 24846 Cini/BalladbiinF
ArRt2 0757 =0280 3 19 RESISTOR 1K {X ,125% F TCROesm((p 24544 Cldwl/8ut0ml 00l wF
A§R13 07570280 3 RPESISYOR 1K 1X ,125% F TCa0+4ei0f 4548 Chw] /8aT0mi00inF
ALY 075T=n280 3 REBISTOR 1K 1% 1254 F TCRO4mi00 unus Clmi/8nT0m1001uF
ALRLS 069Be115% 1 RESIATOR 0,64k |X ,125% F TCwties]00 24548 Llel/BaThudbiler
AIRLS 2100-2521 1 § RESIATOR=TAMR 2k_10X ¢ SIDE=ADJ !=TRN 28480 2100-252}
ALY 0757-0420 [ 4 RESISTOR 750 1% .125W F TC=0+-100
ALRLS 08987193 5 8 REGYSTOR 46,2 1% 08K F TCubewlOD U548 {Inl/8et00e1bR2G
[YLIL) D681a3305 2 a RESTBTOR 33 5% 238 FC TCwedno/e%0 01181 Cax308
YLED] 0898-7193 5 RESISTOR 14,2 1X ,054 F TCuaO#m100 20948 Ciwl/BeTObnibN2al
YL 0698e3419 4 2 REGIGTOR 178 1X 125k F TCWOwe100 2asde Ciml/8ut0m] TORY
ALR22 0757-0428 [ 7 RESISTOR 1.62K 1% .125W F TC=0+-100
AgR23 06%8e7208 0 9 RESYBTOR %i,1 1X ,05W F TCwoswiGo FLTTS Clul/BaTlo=SiN a0
A1 R24 01570278 ] 5 RESYSTOR 1,78k X ,125W 7 TCu04»it0 2u54s CUnl/BuTlniToey
ALR2S 015740290 H [ RESIABTOR B,1%K 1% 125K F TCwOswigd 19704 MFUCY /8aTOnb]%]ef
LIR24 07570417 [ 3 REBISTOR 562 1y ,125W F TCBQewj00 24548 Cimi/8uToubbaReF
L1R27 eT%7=0278 9 RENISTOR 1,78K 1% (1254 F TCEO#el0D 24848 CHm)/8aTwlT8]ar
ARzB 07570200 5 RESISTOR 19K 1% ,12%F F TCROswlnd 19704 MFUCE/BuTomblPiaf
AR2% [T B T 4 1 RESIBTOR a2 1% L1250 F TCwosmiog 24548 Clmj/RuThutdhaf
AIR30 B698uT19) 5 REBIMTOR 14,2 1% ,05W F TCRQemtpo 20848 CSei/BaToosibR2nG
A1RYY He9BuT 1B 8 T REBISTOR 19 1% ,0%% F TCeoewiol FYLTTY CSm)/8uTOOmi0Ret
AIR3Z 0698719} 13 RESIGHYOR 16,2 1% 054 F TCMO+ef00 pUSUL C3el/BuTOOw] OREnG
LIRSS 0757-0420 o RESISTOR 750 1% .125W F 1¢=0+-100 )
AtR3Y 069827123 5 RESIATOR 16,2 1% 08N F TCWO+alon pUS4b C3ai/8uToOm1bR2nG
AIRYS 068343318 4 8 RESIATDR 330 5% ,25W FC TCawdGO/eb00 011214 ca3ds
LTS 0787+0280 3 RESISTOR 1K tX ,125% F YCwoewiln 24854y tldw) /BuT0alA01aF
A4R1Y 06%6ad020 1 { RESISTOR §,53K 1% ,125% F TCEQem100 24548 CAmi/BmTOnIEILwl
LIRSS ded3=3308 H REBISTOR 33 BX 28N FC TCued00/4500 oLty £83305
AYR39 0757-0428 4 RESISTOR 1.62K 1% .125W F TE=0+-100
AIRUD [T1LIS TR q REGISTOR 178 1% 1258 F TCWOw=100 24546 Clul/BuTOnl TERSF
Ay 182620372 H 2 IC-LINEAR SUPPORT CHIP F=2MHZ 28480 1326%0372
U2 182e=03T2 2 IC-LINEAR SHPPORT CHIP F=2MHZ 26480 (820372
a2 0A191eb8802 | @ 1 100KH7 STEP PROGRAMMABLE DIVIDER BD A8S8Y 28480 B419Lmeb502
420t 01803879 7 CAPACITORWFXD _ofiUF +e20% 100VDC CER R8480 0160w38TS
[¥I] 0i00=029¢ 3 1] CAPACITORWEXD JUFeriGX 35VDC T4 so289 150010%5X903542
4203 01603RTS ? CAPACITCRWFNO ,01UF +e20X 100VDG CER 28480 n1b0=3879
i2C4 B160-3378 4 CAPACITGR&FXD {000PF +w20% 100YDC LER 28480 0160=3878
[¥13 ] G1Bomp291 3 CAPACITOR@F XD 1UP4=10% 33VDC 1A 5b289 15001 05X903%42

See introduction to this section for ordering information
*Indicates factory selected value
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Model 4191A

Tahle 6-3. Replaceahle Parts

Section VI
Table 6<3

Reference HP Part |c| e Mfr
. . t tion Mfr Part Number
Designation | Number |[D Y Descrip Code be
LE{] 0160w3879 Y CAPACITOR=FXD _oltF +u20X 100VDL CER 28489 Glede3are
a2g? 01800291 3 CAPACITOR=FXD {/few10% 3SVOC Th 94289 1500105290352
AaCH 0160=%8T0 7 CAPACITORFXD ,01uF +=@0X 100VDC CER 28480 41406=3079
A2LY 0ie0e3878 ] CAPACITORFXD 10O00PF +w20X% 100VDC CER 28480 0160w3aTR
A2010 0160w3879 7 CAPACITOR«FXD _o(UF +s2nk 100YDL CER 2Bu80 01460+3B79
Aplyy 01B0w02?) 3 CAPACITORFXD {UFswtox 35VDC TA 56289 1500305903542
azCi12 01803875 3 CAPACITOREXD 28PK 4e8X 200VDC CER Oswdo 28480 ITTEIT 11
AzC13 H1BoepP9t 3 CAPACITQRWFXD 1UFeagpy 3SVDE Th 56289 15005 08KI035A2
Y40 PloG=3810 ? CAPACITORFXD ,0LUF +w20% 100VDE CER 28480 01&0n387Y%
AzC1% Blane3s78 [ CAPACITORFXD 1000PF +=20% {00VDC CER 28480 DLbOmIRTE
A2C18 160+3874 Y CAPACITORWFXD ,0tUF ew2oy (00VDC CER 2848p Diagw3BTH
a2f1? 0580=029) 3 CAPACITOR=®XD juFem10X 3ISVDEC TA ELTLL) 1500108903542
h2t18 2t60e3879 ? CAPACITORWFXD _piUF #=20% 100VWDL GER FLULT D16Cw38TY
42019 0j60e3BTH 7 CAPACITOaaFXD ,DIUF +e20X 100yDC $ER 28489 0160=3879
2020 0160220585 5 CAPACITOR®PXD ,0iUF +p0e20X 100YDC CER 2adan Glo0e20%%
42621 Dl60w3a?l ] CAPACITORSFXD 1000PF ¢w20% 100VDEL CER 28480 0l60=3873
Aalap [BLLITEL] 5 [ CAPACITOR, FXD y00 UF 1av ™ 28489 siBoalas]
AZCR3 R150=5051 5 CARACIYOR, FXD 100 JF ey W 28480 0180%10%1
LI 11 0160=20858 9 CAFACIYORaFXD ,01UF +B0=20X |GOYOC CER 28480 0180m20%SS
A28 2160+20%% 9 CAPACITORPXD L Q1UF +80.20% LOOVDC CER 28489 014022055
hacee Plape3use L] 1] CAPACITORePXD 1QQ0PF +w10X 1KVDL CER i8ado Glbow3use
Aalpy P1e0e38TS 3 CAPACITORLFXYD 22PF +o8% 200V0L CER 0aw30 28489 0160u38TS
h2Cae 0140e3878 3 CAPACITORWPXD 22PF +eBX 200VDC CER Qewl0 28480 0160w3BTS
A20R) 1901 «0418 8 1o DIODENSCHOTTKY 28480 1901=0818
hpCee 1901=0%18 8 DICDE=SCHDTTKY 2848p 1901=0818
azLl F1dg=0188 & 49 COIL=MLD 1UH 10X B832 0950N,25,CwNCM 28480 1up=pyse
L% ] LS LT RLL & T CHOXENEDE BAND 2MAXsmBBH OHME 180 MWZ [F$RL] VEROL gos4d
A2upy 0%6ne1 718 0 [ TERMINAL«BTUD AGLwFIN PRESS=MTE 28483 0360=1T1Y
A2MP2 038penT4Y H 12 STANDDFFuRVTwdN [ (B7aINeLG =32THD 00000 ORDER BY DESCRIPTION
ApMpy 2190e0124 4 wASHEReLK INTL T NO, 10 ,195=INeID 28480 2190=0124
hpMEg 22000105 L] H SCREWMACH deldl) 3iZeINalG Pihmshupo2] oeda0o GURDER BY DEBCRIATION
AZMRE 2360m011% 4 SCREWsMALH ped2 ,3i2eINall PAN=HDePDZ] 0oooe URCER BY DESCRIATION
A2MPS 29%N~0078 L) NUTeHEImpgLeCmaM t0m32ntHD 08Tl NaTHK 20480 29503078
[F-1004 Sealept?3 7 28489 S001=0173
A2MPR pilgtepa000 | 2 1 HMEAT BINK gauao od191=09000
ApMen 04191ab0009 | 1 4 COVER p8uBD 08191wb0001
Agp1 18Sp=4220 9 CONNECTOReRF 8ub & PC SowpHm 2Bubo 1250=122¢
d2R1 b698a3ai] a L] REGISTOR 215 1% 125w F TCeQewloo ausus Lt /BmTOR2Y SRmP
L¥LH Inta=TlZ L] 22 RESISTOR 100 1X 058 F TCwmOew1Q0 24%4g Cini/BaTOmi00RaG
42R3 0698ar229 8 3 REBISTOR %ty 1% 050 F Tim0emi(o ELTLTY Clat/BuTleBliNei
AIRY 075Te0d0 ] 4 RESISTOR 100 1% ,12%% F T(e0+elgo 265un Clwi/BuTOmi0]nF
42RS 0b98u7208 )] RESISTOR St,1 1x 058 F TCE0+el00 Fusuy Clnl/BalliebiNiel
L4 0aTBeT20S ] RESISTOR 51,1 1y 05K £ TCmpselon 2uS4e Clal/BaTg0eS1Rtub
ARRT 0b98eT229 L] BESISTOR 515 LY 05 F TCAOesiOD 24848 Clal/BuTOulilitingG
AZRS LELLES FFL L] RESTATOR S{t 1Y ,054 F TCuO+=yQ0 FILETY E3e1/BmY0w511Rup
L2R9 0187e0d1b ¥ [ RESIBTOR S1v &% ,125V F TCm0eai00 LR 1T Clwl/BaTOuSL15nF
A2RYD 06831528 4 11 | RESTSTOR 1,5¢ S% 254 #C YCamdOO/+T0¢ oilat tB1529
AZRI G6BIet525 4 RESIETOR 1,54 %% 2%% ¥C TLWed00/+700 oY1t {B1528
LT 0757040y ] RESISFOR 100 1% 1258 F Tiwbé=itd 24546 Cbw)/BaTOm]p]eF
L2R13 06B3a1525 & RESISYOR 1,5 3% 2%w FC TCawd0n/+T00 o112 CB152%
APRu 06R3a1828 4 RESISYOR § 6% x% 2%+ FC TCmeald/eT00 oftet Lhikgs
LELEL ] 06831025 ¥ 43 RESISTOR X S% ,2Sw FC TCawu0O/4400 a1121 CE102%
AZRTE 0757-0416 RESISTOR 511 1% 7254 TC=0+-100
a2kt 182G=0688 1 1 1C GATE TTL 8§ Nahp DUAL telINP 01295 BNTUBZON
a2u? 18200093 L] 1 IC FF TTL 8 DuTYPE POG=EDGEwTRIG 0129% BNTUSTAN
203 1820=068) 0 1 1C GETE TTL B NaND GUAD 2eINP 01295 BNTYSOON
ApUu [CFITSELL} 5 1 IC PRESCA ECL 04713 HMCrany sl
A2U% 1620=1373 3 | IC ¢HTR TTL § ALh SYNCHRD POSEDGESTRLS 07263 9381008
Agls 1620=1373 3 IC ENTR TTL 8 Rel SYNCHAD POS<EDGE=TRIS 37263 q3§100¢
apu? 1820=13%73 k] Ic CHTR TTL & acD SYNCHRD PDS-EDGE-TRIG 07263 38100C
42UR 18203373 3 JC ENTR YTL & agh SYNCHAD POB=ERGE=YRIG 07263 Sistene
LEIt 1A2jettly [ 9 IC BRF@RGTR YYL LS Rw§ SERTALwIN PRL=DUT n129% ENTALBBYN
Bzuto 1R2ne1 43} é IC SHFwRGTR TT| | § Rel SERIAL=IN PR =0UT 04295 SNTULSouN
LTI T ITIEATY g 1 IC BCmMITTwTARIG TTL LB INV HEX te=InP yE29%s SNTFULELAN
A3 04191 wbhS01 | 3 $ SYNTHEST ZER PMAQE DETECTOR BO4ARD dgsy 2BuBo QUIFieptSod
(3141 U1B0e}0AS i} CAPACTTOR-FXD 33uf -10%+75% 25WVYDC ALM 2B4B0 GlE0e1 983
(514 Niknep2dn ] 2 CAPACITORFXD 1200PF +mBX XOyvREC MICE 28480 G160e2220¢
(3151 01bymniss L] 4 CAPALTITORF XD S800PF 4=inx 20pyDL POLYE 284BD Gle0wp158
Ay CYRLIR T k] CAPACITORSFXD S400PF ¢=i0X AnavD( POLYE zeudy 160w 158
(314 0180wt0RY T CAPACITOR-FXD 33uF -T0%+75% 254VD0 ALM 28480 H180w] Q8%
L3Ch 01Bowt0BY 3 CAPACITOR-FXD 33uF -10%+75% ZBWVRL ALM 28udy BLITIFT)]
[ %1% NisnaenRA9 | % 2 CAPACITUR~FXC ,33UF +eioX A0VOC POLYE 2BuBy CleQpmpARY
A3CE ALY L 4§ 4 CAPACITORFXD 100uFeTSei0% 25vDC AL Skadg 3gL0IG02%002
1309 LAR-LT- 1L 1 9 CAPACITORLFXD _asUF #+80w20% 10QVDC CER FLTLY Niphegss
a3C10 ¢len=208s @ CAPACTYORaFXD _0LUF +B80«20% {0QVDC CER 28480 01806%2055

See introduction to this section for ordering information
lndicates factory selected value
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Section VI

Model 41914

Table 6-3
Table 6-3. Replaceable Parts
Reference HP Part |c Q oo Mfr
: . 1 Description Mfr Part Number
Designation | Number D Y P Code
A3 01602085 9 CAPACITORSFXD ,01UF +80«20X 100YDE CER BUBO Dlb0=205%
ACY2 016002058 9 CAPACITOR=EXD 0EYF +80m20X% 100VDC CER 28489 D16D=208%
A3C13 04800094 4 CAPACITORaPFAD 100UF+75e10% 25VDL AL 56289 1001076028002
A3C1d 0150=0121 ] 13 CAPACITOR=FXS 1UF +B80«20X SOYDC CER 28480 01%50=0§21
A3C1S AT TL LY [ CAPACITOR«FXD 1000PF +wt0X 1KYDL CER 28480 0560=3a%e
3C1e 0160e20%5 L] CAPACTTORaFXD ,giuF +80a20% t00VDC CER 28480 0ibgma0ss
ASCHY 0160=2055 L] CAPACITOR=PXD ,01UF +80=20% 100YDC CER 28480 tle0=2055
(3141} 0602055 9 CAPACITORFXD ,0iUF +80e20% 100YDC CER BuBO D160wg05S
A3CI® 0160m2058 L] CAPACITOR=FXD ,0IUF +80=20% 10GYDC CER ELYLLE D160mR0%S
A3C20 Diege20%5 9 CAPACITORSFXD ,01UF +R20e20% 100VDC CER 28480 LY m2HES
A3zt 05b0=2055 9 CAPALITORFXD ,oiUF +80e20X 100YOC CER p848p 0le0=205%
Ast2 C18Ge1083 3 CAPACITOR-FXD 233uF -108+75% 25WYDC ALM 28480 [RCLEITLH
AICRY 19023104 -3 2 DIDDE=EINR 5,62¢ §X DOsT PHU 4N TCW+, 018 28480 1952=3104
AsCRz 19023149 ] 1 DI0DELZNR 9,09y &% D0wT PDu, 4w Ti®s 087X 26489 1902w31 49
AZCRSY 19023256 L4 ;-1 DIDDE=2INR 23,7y 5% 00«7 PDE 4w TCO4,076% 28480 1902=325%¢
A3p g 9100wibbi 4 ? COILwHLD 2,2M% 5% GWT0 ,2150%,54LGeN0M 28u80 9ig0minbl
ARL2 S140.0137 1 15 Z0T(wMLD (MH X Gxed L1090, aylGaNgM 28a8p 4140m0137
AL} Yuo=137 1 £OILwMLD tMH S Qupp .lvox.nﬂLG-NGM 28480 9140w0137
AL 9lip=0137 1 COIL=MELD MM BX Qubl 190X 44, GeNiM 28489 9l4o=01 3Ty
A3LS F140m0137 1 COTLwMLD 1MH BX Qu60 ,19DX,44LG=NGM 28080 91u0wn137
h3lo 9140ap188 [ COlLmMLD JUM 10x M52 L0950X,25LGeNOM 28480 LITLLY R Y
AsL? 91001029 & H EOILwMLD uTuu Y GREN L 15S0X,3TELGuNON 28480 9100%1829
ASLS 9100=t788 4 CHOKEwWIGE WAND ZMAXWORG QMM 180 MAI 2114 VK200 20/48
ALY FiT0e029 3 CORE=SHIELDING BEAD 28480 FLT0~0029
AlMBy 21%0m0l24 L WASWER®LU INTL T ND 0 ,195wiNa]D 28480 2190w012
LT 2380e0118 & SCREWMACH 6432 ,312elNalG PaNeHO=POL] 00800 QRDER av DEBCRIFTION
A3Mey 295Gm0078 9 NUTHEXwDBLWCHAM j0n32=THD ,067alNaTHK 28480 29%0w0p7e
A3MBg 0419100002 | 2 1 COVER 28080 né13i=bn00d
Alpy 12%0w1220 Q CONNECTORwRF SuC M AC Sosphm FLEY-T] j1250mi220
Algt 18540071 i 19 TRANSISTON NPN gl PONIGOMW 5 ra2poMH] 28480 18840071
A302 1a%4n0071 b TRANSISTOR NPN 81 PONIOO%N FYaRQOMHZ 84S0 1854m0071
A3RY Ped¥a101S T (1] RESIBTUR 100 5% ,25% FC TCWwd00/¢3500 0112 cBiniS
A3R2 0683e1025 L) RESIATOR 1K S% ,2%4 FC TCe=d00/4000 [FEE 4] c8108%
A3RY 07570280 3 RESISTOR 1K X .{25W F TCMO+wi(d FLIT) CHwi/BmTOmi00LnF
A3R4 07570280 3 RESISTOR 1K 1X 125K F TCRO+aiBo LI Clai/Bufinip0inF
A3RS 069820053 8 H REBIBTOR {,96K 1% 1254 F TCwoeml00 454b CHui/BaTOriPoinf
A3Ry 068341025 L] RESIBTOR K SX 28 FL TCw=d00/4600 [F3T 31 CagoRs
AIRT 075Te0d28 1 | RESTSTOR 1,826 1% 125K F TCa0+elO0 2a%de Cdui/BaTlmibRler
A3RS 06983154 n F) AESTBTOR 4, 22K 1% L1250 F TCapeeltd 2u84e ClUn)l/BaTOmbgelnf
A3R9 0663e102% 9 RESIBTOR §K 5% ,25W FL TCem40g/4800 03121 4: 11t
ASRLO 0683a1015% 1 RESTSYOR 100 3% ,2%W FC TCmaddd/eS00 [RRE} CByols
ASp1Y fe83et01% 7 RESISTOR 100 5% ,25w FC yCemago/eB00 ei12t GB101s
ASRi2 bef3win2s ] RESIATOR 1K €% 258 PC TCUwd00/w400 fi121 CBlods
A3R1Y 0683e1025 L] RESTBTOR (X §% ,25W FC TCEwd00/4b0o o112y £8102%
ASRYE [TYSETTY 9 12 RESIBTOR %6 S¥% ,24W FC TCw=d400/¢300 [ 3T 1 CB%608
AAR1S 07%7e0824 7 ? RESISTOR {,1K {x 1250 F TCagewlbO ELL10 ] ca-ttu.fu-txax-l
AIR16 069543153 9 ? REBISTOR 3, 83K 1x 125K F TCmQ+wl0O 2a%ub Cim|/BuTCedb3lnf
AIRLT 06BJuBbiS 1 15 RESISTOR 560 5% ,25W FC TCmat00/4600 p1y2t [:1T3L)
A3RLE U6BIw122% 1 3 REBIATOR {,2K 8% @50 FC TC=dDO/eT00 oriat cei22s
ATR19 [TL} TR 1 REBINTOR 860 5% 25 PC TCwwd0D/4600 plids [1:113%)
A3R20 [TLESS 1L 1 RESIATOR 86 5% ,25W FC TCawd00/4600 o112y [4-L 738
ARZ2 [ELATLT L) [ REQISTOR %6 5% 250 FL TCmed0Q/4500 oLl C8%60%
A3R23 0683n56158 1 RESISTOR %60 5X ,2%W FC TCu=40Q/+600 ot12y case1s
AU 1820046382 3 2 IC MIsC YT 06TLY MELEOUGP
Asup 1826m0229 ) { I nr AMF Low-oR:rT To=99 (YT L] OFw(5CY
AU 1820138} 5 i IC CNTR ECL BCD PDBeEDUEWTRIG 04aTL} MC10138L
AZUY 18201199 { 10 IC INV TTL LS MEX 1=]INP 61298 BNTLLBOUN
ASUS 1826=1042 7 H IC ENTR TTL LB DECD ASYNCHRD 1298 BNTULBETON
ASyb 1820=1002 1 IC CNTR TYL L8 OECD ABYNEHRD G129% INTALAR®ON
by ta191ebs504 | | 1 PROGRAMMABLE SWITCH CONTROL DRIVER BD AY 28480 04191 wpb504
[ Y D160w208% L CAPACITORFXD .otuf t!O-EDx :oovnc {ER 28480 05b0=2055
AUCY Bi8pms0ad 1 3 CAPACYTDR-FXD 470pF -10+50% T18WVDC ALM 28480 0180w QUG
Auty D180m1083 3 CAPACITOR-FXD 33uf -1&“*75¢ zswvnc ALM 28480 0180win8}
AuCS 01B0wi0BY 3 CAPACITOR-FXD 33uF -10%+75% 25WVIC ALM 284380 0180migeY
AuCy 0180m1083 3 CAPACETOR-FXD 33uF -10%+75% 25KYDC ALM FLULL 0580wi0BY
AgCY 0180=2980 1 £ CAPALITORFXD 1000UFen20X 3SVDE AL pBuso 0180m2880
AuCA 0380w1 083 3 CAPACITOR-FXD 33uf -10%+75% 25WVBC ALM 2068 p1Boel08Y
AGCo 0150wt 24 L CAPACITORFXD ,fUF +80=gox 30yDC CER 28uBo ti%0a0121
AGCLO 01602088 4 CAPACTTOR=FXD ,GIUF +80=20% 100v0C CER L1 YT 1 0160w205%8
LTS8} 01802984 1 L] CAPACITORFXD aTUFew20X SQVDT AL FLTEL P180w2o84

6-6

See introduction to this section for ordering information
*Indicates factory selected value


https://www.manualsplus.com/

Model 4191 A

Tahle 6-3. Replaceable Parts

Section M1
Table 6-3

Reference HP Part |c Q I Mfr
; . ription Mfr Part Number

Designation | Number (D ty Descrip Code

A4C12 t180ei08 ] CAPACITOR, FxD 300 UF 14y M 28489 01801051

A4C1e 018Gw2984 H CAPACITORFXD 4TUF4=20% SOVDG AL 20480 0180w Raa

LYT-3%1 0180w108Y ] CAPACITOR, FXD oo UF 1oV M 28489 0180wi0S]

A4f19 01é60=2095% 9 CAPACITORWFXD ,01UF +30«20% 100VDL CER z8ado 0tbo=a0YS

LYT-3% ) 0180=1083 3 CAPACTTOR-FXD 33uF ~10%+75% 25WVDC ALM 28480 N180mt083

A4 s el1e0w2088 9 CAPACITORFXD ,o1uF +BO=20X 100y0C CER 28480 Dl40mB05%

haty? 3140=20%38 L4 CAPACITOR=FED piUF +BomagX 1a0vDC CER 28489 01602058

A4Cya B160m20%% L] CAPACITOR=* XD ,08uF +B0«20X 100y0DC CER HLLLT] 0180=205%%

Adalie 0160.20%5 9 CAPACITORNXD 01UF #80=20X 100VDL CER 28400 0160e20%59

Agleo 01602008 L) CARACITORFXED ,01UF +80=20% 100¥0C CER 28480 DEb0w20%S

Aybay 01602095 L] CAPACITORWFXD niUF +80w20% 100Y0C CER 28480 0160m205%5

hugry 1902a3268 3 ] DIODEwINR 20,1V S§% DUw? POW, UGN TCWe, 070y 28480 180gm320d

AdCR2 19023082 3 2 PIODE=INR 4,84y S% DOe? POE UK TCWe, 025X 22480 19023082

AuCR3 19010040 1 63 DICOEwSHITLHING 30V SoMA 2h3 DOw3S 28480 190100940
AGCRE 1901=0040 1 DIDOE=SWITCHING 30V So™A 2NS DOw3S 28480 1901=0040
A4CRS 19019040 1 DIODE&BWITCHING 30V SoMA 2NS DQOa=}S FLIT L IRLRULLET

A4CRy 1961 w0040 1 DIODEw3WITCHING 30V S0MA NS 00a3§ 28480 t1901=0040

AGERT 19010040 1 DIODE=SWITCHING 30V SOMA 2N8 D0e38 20480 190 epQug

AuGRE 19010040 1 DIODEANITCHING 3oV SoMA 2N8 DOw3S 28480 1905mgoag

A4CRY 19010040 1 DIODE=BWITCHING 30V SOMA ENB D0e3S 28480 1903m0040

A4CR10D 19010040 1 DIODE=SWITCHING 30V %WoMA 2N8 D038 28480 t905w0000

(U143 81 19010 0UD 1 DIODE=SWITCHING 3a¥ SOoMA M8 D035 28480 1901=0040

Al 9140w0137 1 COILwMLD tMH Sy Cubg 190X, 44LGaNOM 2848y LT IY IR S

aaL2 9100« 788 ) CHOKE=WIDE BAND ZMAXS&SD DHMa 185 MHZ LEIRL ¥K200 20748
LLLLg! 14%0ep118 9 2 28480 1490m0 16

TLLE) 4o4oeQTAB 1 l EXTRaPL B0 LK POLYS ,062%BOwTHKNS 20480 qo4geoT4R

AgMey 40d0=0752 L 1 EXTR=PL BD YEL POLYC ,082«BQuTHKNS 28480 [LITEY R LT

[Y 11 18%3e0281 9 1 TRANSISTOR PNR 2N290TA S1 TOeiB PLmugoMA 04713 2NEROTA

AUGR 18840071 7 TRANSINTOR NPN 31 PORIDOMK FTE200MHY 26480 185am0p74

A3Q3 1853=0020 ] TRANSISTOR PNP 81 PORIOOMA FYniSQMHI 28080 1853w0020

aapu 16930020 4 YRANGISTOR PNP 81 PDEIOQMAN FTMISOMAZ 28480 1853w0020

Aa@s 185340020 [ TRANSISTOR PNP g1 PDaXpoYw FTmiSoMM2 28489 1853w0020

Y- 1853.0020 q TRANSISTOR PNP 81 PDE30pMA FTm{SoMMi 28080 18530020

AaQy 18830020 q TRANSISTOR PNP 8] PDR30OMN PTwiSQMHE 28480 1853u0020

haRy 2100-2489 2 3 RESISTOR-TRMR 5K 10% C SIDE-ADJ 1-TRN 28480 210G-2480

[YLE 2100-2514 1 3 RESTSTOR-TRMR 20K 10% C SIDE-ADJ 1-TRN 28480 2106-2514

hary 2100-2522 ’ RESTSTOR-TRMR TOX 5% .25W FC TC=-400/+500) 28480 2100-2522

BaRY 2100-2489 g 1 RESTSTOR-TRMR 5K T% .125W F TC=0+-100 26480 2100-2489

AgRy [E-L5 31 19 2 L RESISTOR 1a,7K 1X ,128W F TCeoemi0Q 2ukbs Caml/8mtOnju7des
AURS 0683a10)8 T RESISTOR 100 5% 250 FC TCuwd(Q0/¢%00 61121 catoly

[YLE 0683mi01% 1 RESISTOR 100 5% ,25W FC YCwwdoOse500 51121 CBt01S

hanrs 1810m0269 3 18 NETWORK=RES 9«3IP10,0K GHM X 8 28480 1810m0269

har9 1610m026% 3 NETWORK=RES 9=8IP10,0K OHM X § 28080 1840wp2e9

AGRLY 06B3-1318 4 REYISTOR 330 3% ,2FW FPC FOwwd00/+600 12y CB33LY

[ XLIV] 069B-3450 9 H REGISTOR 42,2k 1% J125W F TCRQemtol guS4e Clsl/BnTamidadnr
h4R12 06983450 9 REBISTOR 42,2K 1% ,12%N F TCa0ewi00 patab Cdml/BaTOmigddnr
AGR1Y 0e?8-u487 L] 1 REQISTOR 4B, Tk 1X ,L2%W ¥ TCaQewllD 24546 CHul/BaTQnilZak
haR1y 069883138 B 1 RESISTOR 17,8K (X L1258 F TCHO+wS00 24548 Cliwl/8uTOnt T82aF
AGR1S 075700 39 ] RESTATOR 0,81K 1X 138« F TCAGemiOG 2u%44 Clim]/AuTOnb8ink
LUR1S AT wpdud { 7 RESISTOR 12,1K 1X L1350 F TCAO#i0D FTLETY CUel /8Tl Rldnf
A4R1? 07570250 5 RESISTOR &, 19% 1X ,12EW F TCagewton 19794 MEUC) 7EmTpebd P aF
AGRIN 078Tegi4) [ 1 RESISTOR 11K 1X ,125W F TCWGew]Q0 24%54b Clwl/8atonl]Qdmp
AsR19 1810wq03? 3 2 NETWORKwRES 1haDIPI,0K OHM X 8 13238 TojadeRiK

A&R2O DeB3e]03% 1 REBIBTOR 10K 5X ,254 FC TCwwd00/+700 01121 4.7 X1

A4RZ21 0683=102% 9 REBIATOR I« 5% 25K FC TCRsd00/¢600 03ty Catogs

AyR22 1810enD3Y 3 NETHORKmRES 16eDIRL, 0K OHM X 8 11234 ToiedeR LK

AGRZY 6B83=102% 9 REATBTOR 1K 5X ,254 F[ TCuwdDO/e000 oitay ta10Es

RaR2y oeBXeyn2% 9 RESISTOR 1K 5% ,28W FC TCNwdQO/en00 0t121 LH1ops

A4R2S 0eBIm1 028 9 RESIBYOR (K 5% 258 FL TCa=d00/4600 ati2y £8102s

hyR2e 181 0w0231 4 H NETWORKwRES 8wBIP2,2K OHM x 7 L1y 20BAR22

AQRRY 0483-330% 2 RESTSTOR 33 5% ,25W FC TLwed00/+500 (FRT {3 £833508

harae 0683nt02% 9 RES19TOR K SX ,25W F{ TCmwd00/4600 o112t cd102%

AyRae Pa9823189 H 2 REBISTOR 2e,1K 1% 1254 F TCwossi0pQ 20%ds Cldui/BuTOadh]duF
AGRSO C69B=3248 [ 1 RESISTOR 20,5K 1§ ,12%% F TigOe=i00 20546 Cdm{/BnTCeZ0S2uF
LLLE]] 00838205 1 2 RESESTDR 82 Sk ,25W Fr TLEwdnd/+500 LERF ] cHB240%

AGRE2 B6B3e1028 L] RESISTOR 1K SX _26W FL TLmmdDO/4600 D112y Cuto2s
A4R3} 0803e102% 9 REBIBTOR 1K 85X _25M FC TCwmd0O/4600 IR ¥ 31 Ch1o2%

A4RSY 06B3=102S g RESISTOR 1K 5% ,25W FC TCwwd0OQ/460D oLt caioas

AURES 06831025 L] RESTATOR 1K BX L25W FC TCwwd00/4600 pLyat tefogs

A4RIE 0683=1015 ! RESISTUR 100 4% ,25W #C TCu=4p0seS00 nitat [TILEL

A4RYY Go83e101Y 7 REQIATOR 100 5% ,2%4 FC TCmadpose5q0 RT3 CH1045

A4R3A 0693=1018 7 RESISTOR 100 5% 254 FL TOmed00/+500 LERT 3} LB1515%

AURZS 0683w2225 3 19 RESTATOR B,2K 9% ,23W FC TCuwaOo/+700 o1t2l [4.Fr1 11

hakag 068322225 3 REGIITOR 2,2K Sx _2SW FC TCAamd00/¢700 L3RT 31 CHa22%

See introduction to this section for ordering information
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Table 6-3. Replaceahle Parts
Reference HP Part |c| o I Mfr
: A t Description Mfr Part Number
Designation Number (D Y P Code
huRay 06P3w2225 3 RESISTOR 2,2K 8X ,25W FC TCweddo/+700 otidy CB22238
h4Ra2 068322728 1 RESISTON 2,2K By ,2%W FC TLewdoo/s+700 0t gagaas
AuRuy 068342225 1 RESIBTOR 2,2K Sy ,25W FC YCwedOn/+700 LERY 3! cezaas
AUR4Y 06832225 3 RESISTOR 2,2W 5% 28w FC TCE«dQ0/+T0D 01124 ce2228
AuRa% LS L s RESTSTOR 26,1% 1% 128 F TCagsulsp 2U%4L Ciml fButOmdl)2eF
AGR4s (683156 4 RESISTOR 14,7K 1% ,12%% F TCwegeeion 2ABYS Cldati/BuTo=14T2F
AURGT tE10wb2 3 9 NETWORKWRES BegTP2,2K OMM % 7 1124 2088222
(YL} 2100w3207 i RESISTOR=TAMR §k 10% C BIDE=ADJ isTAN 28480 2100m=3307
suRye 21083383 [} 2 RESTSTORLTAMR 2pK 16X [ 3IDE=4DJ 1=TRN 32997 338hXaydend0)
AGTRY 1251 w0600 ] L) CONNECTUOR=BGL CHNT PIN {,14uvMeBS{e8] 80 28480 1251=0800
agrel 125810600 ] CONNECTOR=AGL LONT PIN 1,1dsvvapiCe8] 80 28440 1251w0800
AuT®y 12%1=0600 L] COMNELTORSGL CONT PIN |,j4eMMaBSCA82 30 28489 12%1m0800
AgTPa 12%120400 0 COVNECTDR=8GL £ONT PIN |,]d4eMrapSle8? B0 28480 1251=0600
L4U1 1B20=1112 ] ) I FF TTL LB DeTYPE POBeENGE«TRIG 01299 BNTALSTHAN
huuz 1AZpei i}l & 1L BHFwRGTR TTL LB Red SEATALeIN PRLWDUT 01298 ANTOLBnaN
auUl 1820mi 433 L 16 SHFeRGTR TT| |8 A=l SERIAL=IN PRLeOUT 01295 GNTUL 81 6UN
Aauu 1820edl}Y 1] IC SHF=RGTR TTL LB Aed SERJALeIN PRL-OUY 01a98 ANTULBLaLN
Lyus 1824wn043 ] 5 IC OPF AMP GP TOw99 01928 CazgrT
Y9 1820wg688 7 3 IC BFR TTL NON=INV HEX (=INP 21295 SNTUOTN
hulr 1A58=n03A " ] TRANSTSTON ARRAY 2R4B0 18%8=0038
Agus 18580038 4 TRANGIBTOR ARRAY 26480 1858=0038
Aul® IASRLnO3R 4 TRANBIBTOR ARRAY 28480 18580038
AU D 18246=01358 8 2 1e COMPARATOR OGP QUAD 14=DIP=p 0129% LM33aN
[YIU 8} 18580038 4 TRANBIBYOR ARRAY 28480 J858w0038
XTI 1AZbun] 3R R IC COMPARATOR 5P GUAD 14wD1P=P p129% LM334N
is DU1%tab6508 | 2 3 FREQUENCY CONVERTER BOARD ABSEMELY 2B40G LNER T {13
(111 Dtbo=205% % CAPACITOReFXD ,01UF +B0w20X 500VDL LER eBuBe 0lo0w0SS
ASCZ 0180=297% B CAPACITORFXD Z220UF+=20X 16YDL AL 2BUBO 1802979
(1141 D180=2879 . CAPACITOR=FXD 220UF+=20% 14VDL AL 28LB0 ClBOR2RTY
48Cy 0leom2G95 9 CAPACITORmFXD _01uF +80e20% 100vDC CER 28480 0leow205s
AELE 01%0e0t21 5 CAPACTTORRXD tUF +B0w20% S0YDC CER 2B4BD 01%0w012}
ASCH 0ib0a3BTY ? CAPACITOR®FXD ,01UF #e20% 100WDL CER 28480 01b0w3BTY
AsCY D1b60uIBTS 7 CAPACITOR=FXD _01uUF +w20% 100v0C CER 2B480 Ule0e3BnTe
agCe Diane3ATe 7 CAPACITORFXD ,atUF +=20% 100¥DL CER 28480 0140m%879
a5(9 G1850=0121 L] CAPACITOReFXD  1UF +80e20X SOVDL CER 264By 0150w09 21
ASCIO 0160=2056 ) CAPACITURSFYD ,D1UF +80=20% 100VNC CER 28480 0160w205%
a8C1y Gi1R0=38T6 [ CAPACITORWFRD fpooPF sma0¥ j0oVBC CER 28uBy Qla0e3078
A%C12 cib0w0b70 9 L] CAPACITOR®FXD 220PF +e20X 100VDL CER 20932 S024EmI0DRDRZIM
AELLT B160w2055 9 CAPACITORWFXD _piUF »B0=20% {00VDC CER 284890 f1b0wgnss
5014 01e0e2055 9 CAPACITOReFXD ,01UF +BOw20% 100vDL CER 28a8p 0le0w20%5
ASCtS 0160m205% 9 CAPACETORFXD ,n{UF +80=20p% 100YDL CER 28480 t160»2455
(31413 0160w3877 5 CAPACITOR®FXD {0CPF +eR0X% 20D0VDL CRR 2sdp0 0160%3p7y
ASC1Y 0180=20%5 L] CAPACITORFXD ,niUF #80u20% 100VDL CER 28480 01402055
ASC18 0140=205% 9 CAPACITOR=EXD ,ofUF +B0w20X 100YQC CER 20480 0laowa0SS
A5C19 01602055 9 CAPACITORWFXD ,0tUF +60e20% 100VDL CER 28480 [FLTAT {11
ASC20 is0=3879 7 CAPALITORFXD 01F +e20% 100VDC CER pBado 0lHC=3ATY
[31-17] 0160=3878 [ CAPACITOReFXD {000PF +»20% 100yDC CER 28480 le0n3876
AsC22 0tateinty 5 CAPACTITORFXD {00PF +«20X 200V0C CER 2B480 0lp0=3dazy
AEC23 DL60m3BTY F CAPACITORWFXD 10PF #w, 5PF 200VOC CER p8us0 0160w38T4
ASCR4 0160=3BY4 2 CAPACITOR=RXD j0PF 4w 3RF 209y0C CER ab4Bo Gle0=3874
KECRS Qtbow38T? ] CAPACITORFXD 1A0PF +w2a% 200VDC CER 28480 0ledmiA?Y
L4 D160=38T7 5 CAPACITORFKD 100PF sw20x 200VDC CER FhuBy 0160m3877
ASC2Y D160w2055 L] CAPACITOR®FXD ,Q1UF +B0w20X 100yDC CER ELTT: R 0160=2055
AsCan ayaGetaTe 7 CAPACITORWFRD ,qtUF +=20% {0nVDL CER pBUBY 31603879
A%C e 0i60=35878 & CAPACTITORFXD 1000PF +=20X 100VDC CER 28489 0140m3B78
ASC30 Flb0e3877 $ CAPACITORFYXD {Q0PF +e20X 200VDC CER 28480 0160=3877
(113 3] Glb0e3817Y L CAPACITORSFKD {00PF 4+=20% 200¥0DC CER 2848y 01p0e5877
45C3%2 t160=3873 ] CAPACETOR=FXD 4, 7RF +m» SPF 200¥DC CER 20480 01160«3873
A5C13 Gle0=2874 2 LAPACETOR=FXD {QPF +« SPFf 200yDC CER 28480 Hls0e38TU
(1141 01602059 9 CAPACITORSFXD ,01UF +B0+20% 100VDL CER 28460 Dlb0w205Y
45035 01602055 L CAPACITOR=F XD ,QtUF +B0=20% 100vDL CER FLTLY Dl60m=2055
ASC e 0180=0124 % CAPACITOR=FXD ,1UF +86e20% S0yDC CER 28480 0150=0t21
ASC37 a180mygnAY 3 CAPACTITOR-FXD 33uF -10%+75% 25WVDC AL 28480 0540eins)
asC1s 0160=20%5 9 CAPACITOReFXD ,0tyF ¢B0w20X 100yDC CER 28480 0ibQ=20Ss
ASCYY 01602055 9 CAPACITOReFXD ,01UF +&80=20% 100VDC CER 28480 01602055
WSCup 0160-20%5 9 CAPACITOR®FXD ,0IUF +80w20% 100YDC CER 28480 0l 60=205%
A8 41 01603879 1 CAPAGITOR®FXD ,0IUF ¢=g0X% LOOVOL CER 28480 Dia0=38TH
(114 a140e208S 2 CAPACITORWFXD ,0tUF +80s20X 100YDCL CER 28489 0ieteoss
s5LUY 2160.204%% L] CAPACTITORFXD ,0fuUF +B80=20X lOOVOC CER 28480 0ja0mgnss
AsCyu J160e3RTH L] CAPACITGRaFXD 1000PF #=20X% j00VDC CER 2B48g Okb0m3BTE
ASCUS 01603878 L] CAPACITOR®FXD 1000PF #+=20% 100VDL CER 28480 Qie0=3A78
abpas B140=3878 ] CAPACITOR=EXD 1000PF #=2DX 100VDL CER 28485 01603478
ASCut Dibom2088 9 CAPACITORRFXD ,0iULF «Bom20% 100VDL CER 284abn Glbne205%
AsCus 01602058 L CAPACITORWFXD ,piuf +80e20% jOOVDL CER 28480 0160w205%
L5Cus n160=0%70 9 CAPACITORWFXD 220PF +wd0X 100yDC CER p0932 S024EMIQORDRZLM
ASCED Olhpeiata b CAPACITOR=FXD 10QOPF +w20% 100YOC CER 28480 01p0m3NTE
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Table 6-3. Beplaceable Parts

Section V1
Table 6=3

Reference HP Part |c g Mifr

; A Qt Description Mfr Part Number
Designation Number |D Y serip Code
(115 1 Ote0e3BTL H CAPACITORFXD {gPF +« SPF 200VDC CER 2848¢ GletalATy
ASCS2 0160a3B78 b CAPACITOR=FXD 1000PF +=20% 100YOC CER 2848p t160=3878
3143} 81603879 b CAPACITOR«FXD _n1UF #+=20% 100YDC CER 28480 Gla0=3AT9
ASCSY 01603879 ¥ CAPACITORWFXD ,0l1UF +«20X% 100yDC CER 28480 Cl60=3879
AECSEER Y TLEL A 3 CAPSCITORFXD 22PF 4u8Y% 200VDL CER O+el0 ELYEY N160e387%
I3 1413 01602085 9 CAPACITORRFXD p1UF +80w20x 100YDL CER 28480 G140=208%
ASCST C160=205% 9 CAPACITOR=FXD ,01UF *B0a20% J100VDL CER 28480 0160m205%
ASCER 01603879 ¥ CAPACITORSFXD ,0iUF +e«20X 100VDL CER FBuby 0160w387%
ARCSS 01402055 5 CAPACITOPREXD ,01UF #B0=20X 100YDC CER 28480 Ule0=2nes
ASChO J1eDe38TS ] CAPACITORSFXD 22PF +w%X% 2004DL LER 04w3Q 28480 01460w3BT7Y
ASCet Gls0w2085 9 CAPACLITORFXD ,01UF +80w20% 100VDC CER 28480 [T LEFTL]
A8Ce2 0140w2055 L3 CAPALITORFXD ,0iUF +80e20% 100YDE CER 28480 0160=2085%
ASCaY 0140m3874 ] CAPACITORWFXD JofF +=,5PF 200¥0D{ CER 2Buko 0l4n=3874
ASCoa 0160=3877 5 CAPACITURFXD {goPF +e2ax 200yD{ CER 284uBp 0ladw3ny?
ASCHS 01602058 ¥ CAPACITORFXD ,01UF +80e20% 100VDC CER FLTE 01602055
45006 016p1BTR [ CAPACITORFXD 1000FF +#20% 100VDE CER 28480 Oledm38TS
ACHY 0140=38745 [ ! CAPALITORmFXD a7PF +w20X% 200vDC CER 2848p Oleo=3874
45Ca G1a0e3879 1 CAPACITOR=FXD ,0iuF #e20X 100yDC LER q848¢ t160=3279
ASCHS 0150=205% L} CAPACITORSEXD  G1UF +B0s20% fo0VOC CER 2848¢ Bl1e0w20588
ASCTo 01603879 7 CAPACITORWFXD _n{UF ew2nx 100VDC CER 28ub0 B160=3879
(L1431 J160=205% 9 CAPACITORFXD _ofuF +80e20X t0eVDC CER 284bg 01602045
A5CT2 0140=20%% 9 CAPACITOR=FXD ,01UF +80w20X 100VOC CER 28480 cib0m205%
A5CY3 G1a0en]2? ? b CAPACITORAEXD JUF +e2ny 25VDL CER 28480 H1s0e0127
ASCT4 01b0wgl2? H CAPACITOReFXD |UF ¢e20X 2SVDC CER 28480 01sd=0y2?
AgCTS 0150=0121 L CAPACITORWFXD _jUF +Bpe20Y S0VDC CER 28480 0150e012)
ASETE G180«{0RY 3 CAPACTTOR-FXD 33uF -10%+475% 2BWVDC AL 28489 D180a10E3
ASCTY 015001218 H CAPACITORFXD ,fuUP +B0=20X B0VYDL CER 28480 R150wnigi
AsCrR 51%50ap121 % CAPACTITORFXD _tUF «B80=20% BoVDC CER 2RUBD c180=012y
ASCT9 01602208 2 H CapaCIToreFuD t40PF +e8y J00yDC MILA H.EL Gle0e2d08
ARCAQ 0140=0199 & & CAPACYTOR=FXD 249PF ¢aSX 100¥QC MICA T2y36 PMysF 21 JpR300RYLCR
ASCHY 01602206 2 CAPACITOR=FXD 160PF oSy 300VDC MICA 2Bubg pibosd208
ASCA2 S16D=2254 o 3 CAFACITOR=FXD T,S8F 4w ,25PF S00VDC CER 2dube Gle0e@2hy
ASCEY 9180m208% 9 CAPACITOR=PXD _o1UF +B30=20X toovDC CER PBuBg ¢16022088
ASCRY Dib0w2055 9 CAPACITOR=FED ,GIUF +80m0% JOOVDC CER p8use 01602058
ASCEE 0140=3877 5 CAPACITORSFXD {00PF ewgol 200vDC CER 28480 Gla0w=3877
ABCHE 01603877 5 CAPAGITOR=FXD {00PF +«20% 200yDC CER 28480 G160=3877
ASCay 0140e2258 4 % CAPACITOR=FXD 11PF +wSX B00yDL CER C4el0 28480 0160=22%0
asCés Di6N=22%8 4 CAPACITORWFXD t1PF +uS% So0VDL CER G4m30 28480 01602258
ASCH9 Clep=2262 [} 2 CAPACITORF XD 14PF +»S% SpD¥DL {ER Qem30 28480 Qle0wdptd
ASC9C 01860mp262 [} CAPACTITOR=EXD {6PF +=SX S00yDC CER QeelD 2bubdyp Glededgod
L1141 G1b0«2258 4 CAPACITORFXD 11PR +=5% S0QVDL LER OewlD 28480 0lhon2gse
ASCH2 0tbom2%A [ CAPACITORWFXD 11PF +=8% S50VOC CER pem30 28480 0160=2258
ASLOY 01603877 ;] CAPACTITORRFXD 100PF +«20% 200YDL CER 28480 0lad=3a77
ASCou D160u3d?s 3 CAPACITORWFXD 22PF +wSX 200¥DC CER Oew30 26480 0160e3878
ASCHS Otbnmgau? 1 1 CAPAETYORWFKD 3,9PF 4w, 2%PF SQOVDC CER 648D Giadw@an?
ASLo4 016035677 5 CAPACITORWFXD 190PF +w20x 200VDL CER 28480 A160e3A77
ASCOY 0tbom3ZBYT H CARPACITORFXD 190PF +=20% 200vDT CER 26480 01b0e3d7Y
ASCRY 19010040 1 DIODEwaWITCHING 39y SoMA 2N 00e3% ZEUBY 1901=g080
45CR2 1901=0iT9 T 21 DIDDE=SRITCHING 19V SoMA Y50FE DO=y 25480 1901=0479
ASCRSY 190twp! 1@ T DIODE=SWITCHING 18Y SOMA 7%0P8 DDe? 28480 190120179
ASCRY 1901 w0179 7 DIONE=SWITCHING 18V SOMA 750P8 DO=T7 28489 190180179
AECRY 190 ep0ug 1 DIODERSWITCHING %0V SgMa 2M8 DOu3S 28080 19avmnni0
AECRe 190t ep0i 1 RIODE=SWITCHING 30V SoMa 2NS 0038 28ubg 120tw040
ASCRT 1901=0b19 4 8 DIODE=PIN 150V 28ado $082=3080
ASCRA 1901 mphld [ DIODE=PLM 110V 28480 5082=3080
ABCRY 190t wchi9 4 CIODE=PIN 110V 28480 Saad=3080
ASCRiO 1901 w0639 4 CIODEPIN 150V 28480 §o82=3pag
ASCRYL E901=0000 t DIODE=AWT TZHING 30V S0Ma NS pOeiS 28480 1901=0040
ASCRy 2 9010179 k4 DICDERSWITEHING 185Y SpMA Y50P3 DOeY 28489 1901=01t79
ASCR1D 190 w179 7 DIODE=SWITLHING £S5V S0MA 7S0PS DO=Y 28480 1901=0179
ASCRYG i901 w0040 i DICDE=SWITONING 30Y¥ B0MA 2NS DCa3 28480 19010040
ASCRLS 19010179 7 DIDGEmSNITEHING 1BV 304 750PS DOe7 zdudg 190t=0179
ASCRIG 19010040 i GIODE=SWITCHING 30V SoMA 2NB pOe3S 28480 1901-0040
AstRy? 1901051 ] DICOEw3CHOTTRY 28480 1901m0%18
ASCRIB i9¢1=0178 7 DIDDE=SWETCHING 15V S0MA 750P8 DhwY 28480 1901=017%
ASCR1® 1901 w0b 19 & DICDEwPIN {10V 28480 80623480
LECR2C i901=017% 7 DIOGE=BRITLHING 15Y S0MA 750P3 DOe’f 28480 190t=017%
ASCR2L 1901=p179 h DICOE=SWITCHING 15Y 50Ma T30P5 pQaT 28480 1901=0179
ASCR2Z 9010179 7 DIDOEBAITEHING 15V %0MA 750PS Dle? 28480 1901w0179
ASE1 §90b»0238 & 1 DIDDE-MIXER 28430 1906=023%
[} 18] 21001788 6 CHOREMIDE BAND ZMAXSuBO DHME (&0 MMI odtid VKRGO POsUE
ASL2 Fi00uy TRR h CHOKE=WIDE BAND ZWAX®GED OWME 18D MWZ oRtid X200 20748
ASL3 Fidoenine [ COILeMLD JUH tpY Gwl2 ,695DK,25L0GaNDM 28480 LITLET IR L]
ASLY ?140mp1%8 [ COILmML D UM 0% GH32 ,095RK,25LGE=NDM 28480 FIAOW0L S
ASLY P140np158 ) COILwMLD JUM tox SM32 ,095D%,25LGuNDM 28480 LITTET % 1)
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Table 6-3. Replaceable Parts
Reference HP Part |c o —r Mfr .
. p Description Mfr Part Number

Designation Number |p| Y% p Code

AsLe LIUTETTRL] 4 [] COILwMLD {0UM 10X GWSS _{1SSDX J7SLG=NOM 28480 LITLLTIIRT]

ASLY 9100w2R47 4 GOILeMLD 100NH 10% Ou34 ,095DX,25LG=NOM 28480 alo0w22a?

ASLE 9140wD1 88 [ COTLwMLY 1UH tox Q832 ,0950X,25L0uN0M 28480 Frugwot5e

ASLY LIUTET IS ] [ COTLwMLD JUM 10X GR3R ,09%0%,35LGwNoM 28480 9140w0158

ASL10 9140m01%8 b COTLwMLD {UM tOoY G832 ,0950%,25LGeNCM 28480 Q1u0wDy8

ASL1j 0022 4 COILwMLD 100NH 10x Gu34 L 095DX, 25LGaNOM 28480 9500wR24Y

ASL12 91002247 4 COILeMLD 100NH 10K QB34 ,0950X, 29 GeNgM 28480 Fi00ma247

ASL1Y 9100m224Y [ COILeMLD 100NM 10X QN34 ,0950X,25LGwNOM 28uBQ 9100m2247

ASLid L 00wR24T 4 COILeMLD 100NH 10% BRIL 095DN,25LG«N0M 28480 B100w2247

ASL1% 91002247 4 COTLmMLY 100%H 10 QESE 950X, 298LGeNOM 28489 10002247

ASLie 9100w2247 u COILeMLD 10ONH 10X GW34 ,0950X,25LGeNOM 20480 Ri00m2247

ASL1LY 9i6pmnt e 13 COXL»MLD UM 50X (32 .OGBDK.EiLG-NDM 284d0 [ETLINY 1}

ASL1S 140001387 1 COILwMLD 1MKM Sx Onéd 190 44l ReNOM 28480 F1a0w0L T

ASL19 916ge01 %8 6 COILeMLE LUK 10% QU352 ,095DX,3RLGeNDH 28480 TTLTIL LY

[11%.1.] LT3R 1] 6 COTLaMLE 1UM 10y Q®E2 L 0980X 28LGCaNEM 28480 4t40e01%8

ASL2Y 91400198 [ COILeMLD 1UM Loy 2932 ,0980X,28LGuNDM 28480 Ri40w0L58
ASL22 AELILIIE L 6 COIL=MLD UK LOX GR32 ,095DN,25LGeNDM 28480 SLugeptse

ASL23 9160w2247 4 COTL=MLD 100NM 10X Gm34 ,0950X,28LGeNOM 28480 1002247

ASL 24 9i40mg158 b COXLWMLD 1UN tOX GN32 ,0950X,R28LGeNDM 28udp Yidowo158

ASL 28 9150e01%8 ] COTL®MLD 1UH 10% 2932 ,098DK,25 GeNiM 28480 LATTLISY 1}

ASL28 9100=2258 1 2 COTLWMLD 27ONH 10% Om30 ,09%DX,25,LGeNOM 28480 1002252

ARL2T LIVTITY-FL TS 1 COILeMLD 270NH 10X GR30 ,098DX, 25LCwNQM 28480 $i00m22%52

ASL28 9140=0158 6 COILwMLD IUH 10X Q32 ,098DX,25LG=N0M 28480 95400158

ASL2¢ 9140mgy 58 [ COTL=MLD UM 10x G932 ,0930X,25LGeN0M 8480 9iugwpise

ASL3O 00m2247 [} COILWMLD $OONH 10X @GR4 ,095DX,25LGRNOM 28480 F100w247

ASMpL 21%0=0124 ' WABMERwLK INTL T ND. 10 ,19%elne]D 2Byl 2190w02d

ASMBR 2380e0115 u SCREWLMACLH bwd2 ,3i2eiNall PANHO=POZI 00000 DROER RY DESCRIPTION
ASHEY 2950-0078 L] NUT aMEX uDBLulHAM {0w32aTHD ,067elNaTHK 28480 2950npp T8

ASMPG 50010173 7 STRAP GROUND 28489 EoatmtTd

ASHRY 1% ah0004 | 4 1 COVER 284480 LEAR T ST

ASP{ 1250e1220 ] CONNECTDRaRF SMC M PC Soa0HM 2848¢ 1250=122¢

ASPR {2%0=1220 0 CONNECTOR=RF Sup M AC S0e(HM 28480 1#50=1220

(314 12%0-1220 ] CONNECTORsRF §MC M RC So=OHM 20080 1250=1220

(1500 12%0w1220 0 CONNECTORWRF §M¢ M PC S0eQMM 28480 tesoei220

ASRY 185840130 13 28480 185420130

(111 1853ep015 b 2 TRANSISTOR PNP B1 PDw200%N FYn500MA2 28480 1883=0015

A5G3 1850=01 30 9 TRANSISTOR MPK Si PB=350MW FT=4 . 5GHZ 28480 1854n0Y 30

ASGY 1854mpt 30 9 TRANSISTOR NPK S5 PD=350MW FT=4 . 5GHZ 2supo 1856m0y 30

ASGS 1884mp247 9 H TRANSISTOR NPN 3] TOw39 PDaiW FTNBOGMKZ 28480 188400247

4506 1854=0305 L] TRANSISTQR NPN 285079 31 TOw72 ROMRGOMM 0atT13 ELLERL

ASQ7 18855=01 30 9 TRANSISTOR NPH 5i PO=350M4 FT=4,.5GHZ 28uRa 1854=0y30

ASGRS 1854m0) 30 g TRANSTSTOR NPH 51 PLe350MW FT=4.5GHE 28480 18%54m0y 30

1111 185am0247 3 TRANSIATOR NFN ST TOe39 FDWIW FTRBOOMKZ 28480 1384m0 24y

ASR) N797wp43l 3 5 RESISTOR %, 11K 1x ,1259 F TCwpeel00 24546 Clul/BaTonditaF
A3RE 06983444 i H RESTBTOR 3fs 1% 1354 F TCaOewtoo FLLITY CU4mi/ButOmBibHwF
ASRY 06%3m2218 1 REBISTOR 220 Sy ,25W FC TUa=dp0/+600 LERY 11 [2:FFIR

ASRY 1698=720% 0 QESTSTOR 51,1 1X ,05W F TC#04s(00 20540 Ciwl/BaTO0nS1R =5
ASRS 0698e720% [} RESIBTOR §3,.1 1% 088 F TCEO+eiOn EEL T C3lal/BaTQ0e51R] 4G
ASRE t698a720% [ REAINTOR 81,1 1y 08K F TCwose]0C 4544 Clal/duToomBiRieb
ASHY 1698523150 [ 1 RESIATOR 2,370 (X L1250 F TC8O+4ei0C L L0 Clwl/BaTOu2l?lef
ASRS 0a98a3437 H 1 RESISTOR (33 §X 125N F TCRosaloo 24548 Cini/BaTgml 33K aF
ASRS 26031028 ] RESIATOR K %X ,25W FL TCawiD0/+400 0i{2y CRtozs

ASR1p psFBaT12 L] RESTATOR 100 1% o8¢ F TCug#=100 24g ks Cim{/3nTpejnoieg
ASR1Y bopletals H i RESTSTOR &80 3% ,25W FC TLawd08/+809 012y ceeals

ASR12 068302215 ! RESIATOR 220 %y 250 FL TCRelQ/+600 01121 [ FF L]

ASR1Y 069BaT18R ] RESISTOR 10 5% 058 F TCmoww10d 24546 Clel/8aTylelORnt
ASRYY 06967208 3 1 RESISTOR 68,1 1Y ,054 F TemO+={Q0 ZUBHY Cimi/BuTiOnbBH ]
ASR1S D69BaT198 [ 9 RESISTOR 17,8 1x 05w F TCeoeaind LT Clmi/B8aln0wiTRBeG
ASR1p 568322215 1 RESTIBIOR 220 Sy 25N FC TCwwd(0/+800 tiiay CER221S

ASR1T 06831025 9 RESISTOR 1K 5% ,25W FL TLewd0o/+600 05124 caroas

ASRIA 069Ra?{BE 8 RESIBTOR 10 1% _0SW F TCwaewi0o LI Clet/BmTo0@iCReG
A5R19 0696=719U 6 RESISYOR 17,8 1Y ,08W F TCwdewlQO AUSHE Clmi /80t 00w ) TREnG
ASRR0 G6R3=2215 1 REBISTOR 220 $X ,25W FC TCwwdDO/+600 gliet ca22Ls

ASR21Y 0pB3«1025 ] RESISTOR (K 5% _2%% FC TCamdD0/+500 n1424 cBi02s

ASR2R 0eAin1018 7 RESISTOR t00 5% 25N FC TCwadoO/e%n0 0112t Cé018

ASRZY 0eBlu22% 3 SEETIBYOR 2,2K 5% 25W FC TCawd80/+4700 01121 regza2s

hSR24 068321015 7 RESTSTGR 100 S¢Y ,25W FL TCE=Uo0/+504 a1121 Gey01%

ASRRU 0683=1015% 7 RESLSTOR 100 S% ,25W FU Tow=d00/4500 oyt cai0Ls

ASR2S 06822215 3 REBTATOR 220 §% ,25W FL PORwUQD/ 600 oit1Et CBzets
ASR24 0b81a561% ] RESTATOR Sep SX ,25W PL TCxalp(sibon LERY3} Chsety
isRp? 06831035 t RESISTOR 10K 5% ,254 FC TCwwdpo/+700 o112t C81035
AZRaR CaBiez215 i RESISTOR 220 &X ,25W FC TCmweudd/eenlh LERF 2 [ FTI% ]
ASRDO C6B3a2215 t RESISTOGR 220 5Y ,25W FL TLm=dgn/s000 0t1ae cB2ats
AsR3p 16B%e2225% 3 RESISTOR 2 2K g% 250 FC TCwed4do/*To0 0il2t Cozzey
ASR31 c6B3u101% 7 RESISTOR 106 5% 251 FC TLEadR0/+500 g1t CB1015
ASR3R LT EES R 9 RESTSTOR 100 1% ,05W F TCuGewilo 24%4¢ {lel/8eTO=ladn s
AYR3Y 06B3=2215 § RESTSYOR 220 8y 25K FL TLimmidnd/eb00 211 CB2215
ASRYY 068381035 1 RESISTOR 10K Sx 2%« FT TCRel00/t700 o112l CB1GES
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Section VI
Table 6-3

Reference HP Part |c| o e Mfr

: ! 1 Description Mfr Part Number
Designation | Number (D Y P Code

A5A1S 0683a5461% }; RESISTOR 560 5X ,25W FC TORedgQ/+600 t1121 CB%6LS

ASH3e tboBetios b RESTAYOR 17,8 1% 050 F *Cobesigo 2484 3wl /8aT00 L TRE;
ASRYLY 0787=0416 9 1 RESIBTOR 619 1% ,i25W F TCkO+w10D 2ashe Cim1/8uTOmb | IReF
(131 07570276 9 RESISTOR 1,78K 1% ,125W F TCEGemiOR 245468 (4n1/8uTOmiT8LwF
ASR3Y 0683ui015 b RESISTOR 100 S% .2%W FC TCmwag0s+5%00 LR T3 CHingS

A5RuY 068302225 3 RESISTOR 2,2% Sx ,2%% U TCwedoo/+700 01t2y CBgazs

A8RUY 0683861 S 1 RESISTOR %60 5% ,25W FC TCe=d00/4800 oii2y cosels

ASRuz 06R3e3915 L] 1 RESISTOR 390 5% ,25¢ FU TCW=400/4600 01121 £63943%

A5RUY 06831038 1 REAIBTOR 10K 5% ,25% FC TCm=400/4700 o412 tB1038

ABRuY fe9BaTRLE 9 RESISTOR 100 L% ,0%9 F TCRO#=00 2u%4n 3=t /8uThal00Rel
SRS Ded3atinls 1 REBIATOR Su0 Sy 25 FC TCasdQo/tbo0 olids CBBb1S

ASRAE 06433515 i REATSTOR 860 SX ,25% FC TOWedDO/¢600 pilds c35618

ASRay D69%a7217 4 2 RESISTOR 162 1X ,0%W F TLWO4w] 09 20844 (3el/B8aThulbiRut
ASRUB 06831015 7 REQISTOR 100 5% 25w FL TCWwdQ0/+500 oLty c81015

ASRa9 0pB3my 035 i REBEATOR 10X 5% %% FL TCawyoo/+700 0142y C3103y

ASRSO h98e?R12 9 RESIBTOR 100 1% ,05% F TCyO#e100 FELTTY CInl/BnTOwi00RwG
AERS| 06331018 1 RESISTOR 10K By 25N FC TCmuinos/eT00 o2t C810)5

AER52 06831015 ’ RESTATOR 100 5% ,2%4 FC TCemd0/¢500 01121 £81018

ASREY 26835615 1 RESISTOR %60 %% ,2%4 FU TCmedQO/+s00 o124 [LLI3E]

ABREY 069827212 L] RESIATOR 400 1Y 054 F TLedveifd 2u%4b C3ml /8T 0wl 00ReG
ASRSS 06835618 1 RgszaTDR 560 5% 2% :: TeReiiQo/+600 oli2y Ea!&i!

ASRES 069827217 q AEBLIETOR 162 1y ,O5W F TCN0+w100 24506 Jal/BaTomlb@Rel
ASRST 06831035 1 RESIATOR 10K §X ,25W FL TCumdQd/¢700 oriae ca41038

ASHSE 0683e1015 T RESEATOR 100 5% ,2%% FC TCawdp0/¢500 oLy calo1s

ASRYS 069Be7124 & RESESTOR 17,8 1x ,45W F YCNGsmtOD 24804 Clwl/BaTpow) THERG
43R40 0aSBaT22 9 RESTATDR 100 iy ,0%K F TCa0+wjon FLLLS £3ai/BuToniCoRel
ASH81 te9BeT212 9 RESIBTON §00 1X 0% F TCaQ+w) 0O 2usikb C3nl/BaTOni0ReG
hERE2 06A3+5618 1 RESTSTOR 860 BX ,25W FL TCWwd00/ 0D [FRT 3 41171 ]

(11,3 Ge9BeT212 9 RESIBYOR 100 31X 05w F YUWG+=100 24544 3wl BuT0ml00RuE
ASR&Y G6B3w5615 L RESISYOR 560 5% 25w FC TCw=d00/4600 FIRY } 4113} ]

ASRLS LRSS L1 [ RESISTOR 17,8 $x ,0%h F TCOSOewmigD 2u548 C3wi/BeT00u|TRBwg
ASRB6 06882225 3 RESYSTDR 2,2K 5% @54 F{ TCwwipo/¢700 eiidy CBgzas

LM B6BAwEH1E 1 RESTSTOR %40 5% ,25W FC TCweq00/+800 o112t 41187 |

ASRES 06BYe103Y 1 RES18YOR (0K BXx ,2%W FL TCEman0/+700 o112y cBio3s

ASR&S 068IadT s [ 5 RESISTOR 470 5% 28N FC YCRAD0/4800 olldt [4-UA R3]

ASRTO 06B3a10tS ? RESISTOR 100 9% ,2%% gC TCwad00/+500 01121 LBi101S

ASRT) 06987205 0 REAIBTOR 51,1 1% ,05% F TCEGeeinD 248as C¥el/BuTOOnS]Rialb
ASkYZ LILCLEL T L[] RESISTOR 100 1% ,05% F TCe0+w100 24%4s C3=l/BetORiCOR=G
A5R73 0683e5015% ? RESISTOR 100 5% ,2%% FC TCWaan0/+500 01124 cBin1s

ASRTY 06983440 1 7 REMISTGR 196 1Y ,12%W 7 TCW0+el00 24840 Climl/BuTOul94HeF
ASRYY [ ST LT 9 1 RESIBTOR B3y 1X L125W F TCal4=100 2654y Cldni/paTOa2ITReF
ASRTS Da9BmT197 3 2 RESISTOR 23,7 1x ,05¢ F TCmossiQD ELLTTS CIni/BuTO0m2IRT G
ASRTT edle2225 3 REBISTOR 2,2K 8% ,25W FC TCemdoo/+T00 1121 cagaas

ASATR 06987197 9 RESISTOR 23,7 1X 080 F TCROwwtOD 24566 Clui/BaT)0edINT=l
ASRYS 06835615 1 RESIBTOR 560 5% 254 FC TCawdo0/-600 o13e %1%

ASRAY 0683ed?25 2 12 RESISTOR 4 Tk %% ,25W FC TCwed00/4700 01121 GBuYes

ASR8Y 0757=039% 1 1 RESISTOR 56,2 tX 125w ¢ TCWOe=i0O 24%de Clmi/8uT0nSbR2er
ASRB2 06ATa3Y25 & ] RESIBTOR 3,3K Sy 25K FC TCmwd00/+700 priat CB332%

ASRAS 6831315 4 RESIATOR 330 5Y ,25W FC TUswdQ0/+600 [ RRY 3] CB33LS

AER&U 06Blwy7 28 2 REBIGTUR 4 7K 8% ,25h FC TCewa00/¢T00 0112t CRUTRS

AgRAS 0pa3msH1s 1 RESISTOR 540 8% ,25W FC TLww800/4p00 [38Y 3} CBSbiY

[$1.1.7% 089ALTI9¢ b RESTISTOR 17,8 1x 05K F TLN0+miOh 24Shn L3=1/8aT00e}THBE
ASRBEY 0oBaT22]) 2 5 REGISYOR 287 1% 0% F YCaC+eiDd 2u84e £3a)/BaT(adB8TRuG
AERAR GpGanyRR3 2 REBISTOR 287 1% 054 F TLaQ+=i00 FrLYTY CIni/0nTindB8TReG
ASRAY 0698.7216 3 2 RESIATOR 1d7 Lx ,0%% F TCWO+el00D 24548 Clul/BeTluliTReG
ASR9Q 06987702 ! t RESIBTOR 38,3 1y ,05W ¥ TCRO#ei00 24546 C3al/8attoudifiag
ASREY 98Tt 3 RESIBTOR 147 1% ,0%4 F TLuQemiOQ 24546 Cimi/BntOuiéIiag
A5R92 0698.7223 H RESIAYOR 287 ¥ 054 F TCwOe=100 24%45 C3ni/laThaBTReG
L5R93 0b98e¥194 -] RESISTOR (T,8 1y 05K F TCwoeml0D 24546 Cinl /8700wt THAAG
ASR94 D698eT223 H REBYATOR 2BT 1X 05K F TUsO#emi0o 20548 Clml/BaTOn28THup
AKRGS Ounl=102% [} RESISTOR 1X &% ,2gW FC TCe=d{0/+400 oLyt catody

AER94 6987194 [ RESIOTOR 17,6 1% ,05K F TCHG+mi00 2u%4s C3at/8aT00wiTRERG
ASRETY 06987205 0 RESTSTOR S1,1 1% 0%k F TCHO4e]OC LT Ciei/Bnt00eSiRlnG
ASROE 069827205 ] REBISTOR %1,1 1x 058 F TCwoewlon U548 C3ui/8al00ubtRisG
ASR3® 068343915 [} REA[STOR 390 5% ,25n FU TCemdgd/+b00 o112t CB39LS

ASRi00 06831028 L RESIATOR LK 8% 2% FC yiweiD0/+600 (RT3 LBlO2S

ALR101 0aAIni028 L] RESISTOR ik &K 254 FC TCm=q00/4400 0112t cBlo2s

A%R102 06PBulals 3 b} RESJBTOR §47 1% ,125W F FCmoemiod 2URLE C4ni/BuTOnidTRaF
ABREQZ 06983418 [ 1 RESISTOR 38,3 tX 125K F TCmOwsel0D 24546 {4ul/BuTQu3BR=r
ABRtod TLETETEL 3 RESIGTOR 147 1X ,125W F TCwoesing 24848 Ciwi/ButomiaTReF
AU ITY{ZITIR [ 1 IC FF ECL DeM/8 DUAL G471 MEIO013LF

AgU2 t82G=0T04 4 1 10 FF ECL DeM/8 04713 MEisToL

A5V tB20e2108 2 1 1C FF ECL DaM/8 POBWEDGE=TRIG 07263 Fi1G08DE

See introduction to this section for ordering information

#Indicates factory selected value
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Section VI Madel 41914
Table 6-3
Table 6-3. Replaceable Parts
Reference HP Part |c Q i Mfr
; . t Description Mfr Part Number
Designation Number (D Y p Code
1T 0419 w6a%0s | 3 t FREGUENCY DOUBLER BOARD ASSEMBLY 28u8g IR IETYY 11
1sl1 01603877 5 CAPACITORFXD 100PF +e2px 200VDL CER 28480 016C=3877
AGC? 21 60=205% 9 CAPALITOR=FXD DIUF +80-20% LOOVDC CER 28680 G140=205%
el 01803677 S CAPACITCRaFXD {00PF +m2ox 200YDC CER 28480 Glaon3AT?
AbCY 0160=1872 9 CAPALITOReRXD 2,287 4w 25PF 200V0C LER 28480 Glalm3arT
AsCS 0160=3873 1 CAPACITORFXD 4 _TPF eu,SPF 200VDC CER 28480 0140w2RYS
Anle d1s0=3872 1] CAPALITORFXD 2 2PF 4w ,2%PF 200V0C LER 28480 Digoalnte
asl? 0160=3872 ] CAPACITRReFXD 2,2PF +=,25PF 200YDC CER 28480 0lecelard
ALCH A1enmiAT 7 CAPACITOR=FXD _o1uf +egoX foovDC CER 28u80 lp0=2aT9
469 515060124 5 CAPACITOR=FXD ,quF +80e20X So0yDC CER 28480 p1S50=012}
AelC10 D160=3879 T CAPACITOR=FYD _O1F +=20% 100VDC CER 2848¢ Cla0=3479
deg11 Q1603879 7 CAPACITOCR»FXD ,0LUF +wBOX LDOVDL CER 28480 016023879
Aplrz 01500121 H CAPACTTORaFXD 1UF +Rpe20k Sov¥DL CER 28480 LEELLLAT-3
A1y [EE-LEIS YRR 1 CAPACTITORFXD _0fuF +=20X j00VDL CER 284890 01403879
ApCia 0len=3870 T CAPACITORwFXO .QQU' +=20X 100¥0C CER 2848 (BEY-LICRL]
4pC1S piScwnl2t 5 CAPACITORwFXO qUF +Boepny SpydC CER 28480 0i%0m0t21
apCle Clé0=2055 9 CAPACITORaFXD ,pIUF +80w20X 100¥0C CER 28430 0 460mnss
a8C17 t1Bdmpile ] 1 CAPACITDRePXD & BUF+w|0Y 3SYDL Tt $H28% 156DbESXI0A582
bpC1R 0160e20585 9 CAPACITORFYD _0IUF +BDe2n% 100VDC CER 28480 NtaOmA0%E
apl19 0160e20%5 ] CARPACITOR=FXD ,DLUF +BO=20X 100yDC CER 28480 0fn0wEnsS
AuCa0 HN1s0e3872 0 CAPACETORF XD 2 2PF 4, 2%PF 200¥DC CER 28480 01a0w3BT2
LT 3] 1603875 3 CAPACTITORSFAD 22PF +ufy 200VDC CER peals 28480 01603875
AL 22 0160=3878 & CAPACYTQR®FXD §DROPF 4=20% {00YOC CER 28480 0160=3878
heC21 BlbaOapnts 9 CAPACITORFXD  o1UF +80-20% 100VDL CER 28480 LYY L Y1
ApC o Blea0=3878 ] CAPACLTOR=FXD jo0aPF +=20% 100VDC CER 28400 0lo0=3RTE
halpe Glet=3878 ] CAPACITORFYD spooFF +e20% 100vDC CER 28440 0te0mIBTB
Asle 2160e0570 9 CAPACITORWFXD 220PF +m20X l00VDC CER 20932 SORUEMLHORDZZIM
aaCe? 21603879 T CABACITORS¥ XD ,01UF +=20X 100VDC CER 26480 Disf=lBYe
AsC28 tlegw38té ? CAPACITORFXD §0PF +» 5PF 200VDC CER FATLY] 0i60e3tTd
ABCRY tis0m1872 ) CAPACITCReFXD 2,30F +w 250F 200YOC CER 28480 DieoedlTe
AsCso flana3AT8 T CAPACITORLFXD ,p1UF +e20t 1Q0YOL CER 28480 Bte0m}8rTR
Al 01&0=3878 b CAPACITORWFXD 31000PF es=2bX 100VYDC CER 28480 0lat=lnye
aplse 0ib0a3878 ] CAPACITORWFXD 1000PF +=20% 100VDC CER 28480 Dla0=3278
AbC33 2160«3878 & CAPACITOREXD 1Q00PF 20X {0OVDC LER 28480 01603878
Asl3a 0140=38TR ] CAPACITORWFXD 1000PF +=20% 100VDC CER 28489 OlagslinTe
ASCES Cia0e3B7O T CAPACITORFYO ,0LUF +w20% LOOVDC CER 28080 0)140=3879
4403 O1p0~3578 [ CAPACITORFXD 100QPF «=20X 100VDL CER 28480 0i1a0e3gre
ApC3? C1e0e3BTa 6 CAPACITORFXD 1nnoPF +e20% 100VDL CER 28489 01603878
AGC3B Gl1e0e3878 5 CAPACITOR=FXYD J000PF +wgdX JOOVDC CER 28480 N1oG=3878
Y <1 (AL T 1 3] 5 CAPACITOR, FXD tnn UF Jev M 28480 01803 0%
AbQUG 2180105} 5 CAPACITOR, FXD foD UF bV ¥ 28480 0180=10%1
sty t901en0l? 4 OLODERPIN 1tov 28489 S082=3040
aplez t90 w0839 4 DICDEwPIN 110V ELTLY] 5082+3080
dpCR1 1901 =0639 4 CIORE=PIN 110V 28480 50823080
AbC oY H1E2wp0T2 & DIODEwYVL 2,2FF SX C3/C25=MINnd,S OHTIY EERELL]
beCRS o122egn?2 L} SIDDERVYE 2,2PF Sx CHsC025-MINwa S ouT1y B810%8
44CRy 0122e0072 5 CIODE=VYL 2,23PF g% C3/CaseMiNmg,s oyrly L3R 1]
ApLR7 01220072 & DIODEmyyl 2,2FF 5% CI/C25=MINNG, S puTIY BRyo%e
AsCre ofe2wnnt & DIORE=YY( 2,2RF 8% C3sC2%=MIhnd,§ 0471l -L3¥-1 1)
LpCR® p122wp072 L] DICDE=YYE 2,2PF 5% £3/125«MINa2 S 20712 #Bi088
gl dpmn1 S8 -] COIL=MLD tUM fDx QW32 930X, 25LG=N0M 28480 1g0=0y88
apl2 Fi4p=gity 4 COILeMLE JOUR 10% GR35 ,1S5DX, 375LGeNOM 20ubo Flapw=g11a
AL 9i4pep1 88 L] COTL#MLD (UM LO% CW32 (080X, 25LGwNiM 28480 1a0=0158
isly MiUnwptts L] COIL»MLD tUR tox @2 ,098DK 25LGeNOM B4dp G140=p1%8
ABLS Q14D Bh & COILwMLD fUR 10X 9u32 ,0950X,25, 6wnDM 26480 LITTLY:38.2)
AbLb 1600158 [ COtL=#LD UM 10% GM32 ,095DX, 2%, 6eN0M FLALL 140w0158
4sL7 40w R L] COIL=MLD 1UH §0X G322 ,0950X, 2% GeNDM 28480 F1000) 88
LYIR ] 1002247 4 COTLwWLD J0ONH 10X O®34 ,095D%,25LGeN0M 28480 9to0m2247
iela F140=0137 1 COIL=MLE I1MH 5% Qubld ,190X,44LGeNOM 28480 9la0=0y3y
ASMP| 03B0=1007 % STANDOFF=RIVET=0N 00000 ORDER BY DESCRIPTION
ApMpp 21904124 4 WABHEReLIC INTL T NO, 10 ,195=INe]D 28480 glg0egy e
AgMPY 2200m0142 Q SCREWMALH Uwkp ,JidwlNell 104 DEG ogoon ORDER RY DESCRIPTION
LaMBY 23600114 4 SCREWmMACH b=32 J12=INall PansmnaPD]l 0000 ORDER pY DESCRIPYION
LeMPE 29%na0n78 q NUTuMEXmDBLaCHAY 10=32=THD 067w INaTHK 28u8p 29%0=0078
LgMpy 2819100602 | 2 SHIELD=ROY 28u80 G4191e0000%
ApMB? DAt9l=00612 | 4 H AHIELOwBDX 28480 04191w00812
AnMPR a1 =00k13 | S 2 SHIELD»HOX FLEE 041912004813
LEMPY Q4191 =00014 | & H SHIELD 2848¢ 04191=00814
ApMP10 QULB1ebH00NE | 5 ! COVER 28480 04151e80005
6P 12501220 4 CONNECTER-RE SML M PL SpeCMM 20489 1250=1220
ABP2 12504220 0 COMNECTORRF 8vp M PC SpwQHM 28uBy LE%0=1220
AsPY 1250e1220 9 CONNECTOR=RF Aug M PL S0wDHM 28480 1280w} 220
LePY 1250=1220 ] CONNECTOR=AF 8we M PC Spm0HM 28480 1280=1 220
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Model 41914

Table 6-3. Replaceable Parts

Section VI
Table 643

Reference HP Part |c Q - Mfr

: A t Descri n M rt Number
Designation Number (D Y ptio Code fr Pa

L1 1854=0720 3 1 TRANSISTOR NPN 8] PDaSQgoMM FTeaGHI 28480 18540720

AbG2 185a4=00632 ] 1 TRANSISYOR NPN A1 PORIBQMM FTEAGHY 25403 BFRe9Y

[1-13 §85320020 4 TRANSISTOR PNP 81 PDminoMa FTsi5QoMKZ ELTLR 18530020

(YL £85%«0020 4 TRANRYBTOR PNP 81 Anw3onouw FTR1S0MNZ ELELT 18053=3020

An0S 18%54.0130 L] TRANSISTOR NPN 51 PD=350MK FT=4,5GHZ 20480 185dwpy 30

Y11 18%4=0130 L] TRAKSTISTOR NPN &1 PD=350MM FT=4.5GHZ 28480 1B54m91 30

ApB? 1a54.0130 L] TRANSISTOR NPN Si PD=350MW FT=4 .5GKZ 28480 185d=0150

(791 §854en1dd ] TRANSISTOR NPN S PD=35B0MW FT=4.5GHZ 28080 185de0) 80

(X111 1854nn1¥0 9 TRANSTISTOR MM &1 PD=3BOMM FT=4_ 5GHI 28480 16%4m01 30

AbRY 01570280 3 RESISTOR 1K 1% 125% F TCeO+~100 24544 LUel/8aTOwiGdinF
ApRR 06TA,T184 A RESTBTOR 10 1% ,0SW F TCeoes1n0 2uGue Clal/BuT00nl{R=G
LoRY 36587194 8 | RESTIATOR 21,5 18 058 F TCmOemiQD 245ub C¥mi/ButQ0n2IRSwG
heRy 046987223 H REBISTOR 287 1y ,0%W F TCmOewiln 2u848 Clut/BuT(udBTHaG
ALRS 065BeT1RY [ REMIEBTOR 17,8 1% 0858 F TCH04al00 24546 C3wl/BeT00n}TRBuG
ABRY 069872 9 RESISTOR 100 1% 05w £ TCul+mi0D 24546 Clel/BuT0nidiReg
ApRS 065827212 L] RESISTOR 100 1X 054 F TCwo%eton FELEY] {lei/8aT0nlo0R=0
ALR® 0a98wT2t2 L RESISTOR 100 4X ,0%4 F TCRO+«100 24546 C3ul/Bat0w!d0R=6
AsRto 06987212 9 RESISTOR 106 1% ,05h F TCHGewi00 2A%iE Clei/BaTOm] QURG
AbR1y 069BaT21? 9 RESISTOR 10¢ 1% ,05W F TCROewi00 2a%ue Clul/8aTOn100fnG
ApRy2 069847212 9 RESTIATOR y1po 1X % F TCapsstog PASHS L3ay/BuTomi 0l
AoR1Y 0698a7212 9 RESIZTOR 100 1X ,0%4 F vC80e=t00 20844 $3ui/BaT0=l00/aG
ASRIG 0898a7212 9 RESISTOR 100 1X ,0%4 F TCuO4=100 2454 C3wl/Bu(miiRnG
A6R1S J698e7212 2 RESIATUR 100 1% ,0%% F TCagswiOQ 2454% CAml/8uTO0ni00RG
AeR1b 08FAuTEL2 9 RESIATOR 100 1% ,0%W F TC®Owelfo 2u546 C3ui/8mtOei0RaG
A&R1Y 06987212 9 RESISTOR 100 §X 0% K TL®0+mico 24%408 C3mi/BaT0nlf0N=G
AsRyn 069827212 9 RESIBTOR o0 1X ,o%W F TCeptatgn 2uBds C3wt/BuT(miGiReb
AeR1Y 0698540 ] RESISTOR 215 IX 1258 F TCWOveino 24548 Cinl/ButiaBtSHuF
ALRZD a683w02% o RESISTDA 1K 5% ,25W FC TCuwddo/+b00 o2l cai02s

AeR2Y 0698a%44y L} RESIBTOR 218 1% ,12%3W F TCmye=ind 24846 Chul/BuT0wd}3aF
AgR22 0683wl D25 9 RESIBTOR tK 5X ,25W FC Tisedoo/+400 dital CByo2s

ALRES 075740001 ] RESTATOR 100 1% ,12%% # TCmOesi0D 2uS4s Cémi/8aTiel0)F
AoR24 0750180 2 § RESIATOR X1,6 1% 2% F TCuoew)bo 784Bo 0757=04B0

hoR2S Ne9BellLY 2 t RESISTOR 1,058 1% 1250 F TCw0+eing 2484p Clst/8uT0ei0S]mr
AoR26 07570u38 3 RESISTOR K 11K %X ,125¢ F TCensmi00 uBug Clwi/BaTOublilaF
AsR2Y D69Ba304) i} RESISTOR 219 ix ,125% F TC=0swiQo HELTTY Clwi/BaTned)SRaF

L L 0757=0276 i i REBIBYOR 61,7 X 125w F TCHO4=100 RUSHY CUni/BuTOabiP2arF
haR30 0698m7250 7 3 RESISTOR 10K §% 05N F YCmOe=idd 24848 Ciml/BaT0niQ0E=G
hsRYY 0683m1025 ] RESIBTOR 1K 5% 28w ML TCEmdon/eboo a1ydt €8102%

46R32 De9BwT 200 ? RESTATOR 0K tX 0%W F TCabe=i00 20%4a4 £is1/BaTOni002uG
AbR1Y 069B=T260 i RESEATOR 10K 1% 050 F TCRO+ei0b 2084 [3wi/BaThalduEng
heASU 06831015 T RESISTOR 100 %X ,2%% FC TCEad00/+S00 o112y C8go018

AORIY 075740394 0 1 RELYSTOR %1.t 1% 1254 F TCEO0ewl) 24546 CUm1/8aTQullRlwF
heR18 068341325 [ REBISTOR 3,3K &y _@5w FC Tlmwd(o/¢T00 [IRT 31 casses

ABRY? 068%=101§ ? PEBYISTOR 100 5% 254 FC TLumd0g0/+500 o121 CeLo1s

abR3e t6B83=223% L 10 RESIBTOR 23K SX ,25W Fg Tpewd00/eB09 ol12y a223%

AbRYE BoYRa3LAY 1 REJISTOR 316 1X ,:235W F TCwO+=1Q0 2adily Ciml/BuTQnIloRef
LoRu0 LEELTR L) ) RESISTOR §0 X 08w F TCMOe=iQD 24848 C3mi/BaT0lwlQReG
ApRyy 67570279 3 RESIBTOR %,16K 1% (1250 F TOsoe=jon F{LLT] Clwy /BaTnmlinleF
[YY:.TH 01570279 [ HESTSTOR 3,16K 1% (250 F TCeo+e) 00 2UTUb Cdmi/BmTOn3181=F
AHRUS 073 %andlb 7 RESTATON 51t 1% 1258 F TCal¢m10D 24%ue Chwl/BeT0eS]IRaF
AsRUY 0698-TIRS B RESTSTOR 40 1% 085w F TCWOs=10D 24544 Clal/BaTON=10RG
ABRUS 0698=3440 b RESISTOR {96 1% ,125W F TCWO+wei00 24546 Cdwl/BuThn] PhRef
[TLETY 0698ms44D 7 RESTSTOR 196 1% L12%0 F TCm +mind EELIT) Cdwl/BuTOmiBoR=F
AGRUY 0698=7188 [ RESIBTOR 14 1% ,0%w F TCw0+ J00 2uste Cywl/laTponl (el
AGRUB 07%7e0416 7 RESISTOR Siy 1x 1258 F TCe04eipO 2u548 Limi/BaTOnb|iRaF
[YLLL D6FBusLRY [ 1 RESIATOR 249 1% ,125# F TCmhswlO0 2U%ue CUwl/BmTOWZEIV=E
LeRS0 0698w40b0 3 H RESISTOR 649 1% 125W F TCWO+w100 2u%de Clml FBuTOubiFRaF
ARG 06987193 5 RESISTOR 16,2 1% 050 F TCW0e=100 2u%up C3mi/luTO0ut bHEG
ABRSR NeP8atdpd 3 RESISTOR &49 1) .lESV- F TCmoe=]C0 FLx10-) Chul/BmTQubiinaf
ATt 083826020 | 9 L TRANGFORMERWAF, YELLOW 28480 08552mb0RU

A7 0419 aBbS0T | U [ SELECYABLE FILTER BOARD sgBEwE(Y 2BuB0 04191 ebb507

701 DLUG=pntRY 1 [ CARACITOR=F XD J1gpF +=S5% 300vDC MICA 12136 DMESF1yLdoduanviCR
arce 0140m0205 5 [l CAPACITORWEND #2PF +=5% 300VDL MICa 12138 DMISER0JR3000VICR
A7CY 01400205 5 CAPACITOR=FXD 2FF #=%% 300VDC MICA 72136 DMySEL2anJoloowyiCR
hTCY 04UGentd? 4 2 CAPACITORWFXD (AUPF +=8% 300VDC MICA 72136 OMESFIBLIDI0ONVILR
ATis Qpugm0y 9y i CAPACITOReFXD 110PF +=9% R00VvDC “1CA 12138 OMySF Y11 J0R00¥V (R
ATCH 0jugmnER} 9 ? CAPALITOR=FXD R2PF +#5X% 300VDC MICaA 72138 DRISEBROJEIVO0NVICH
AT 014QentoY 4 CAPACITORSFXD 1RORF +&5% TeoVDL YICA 72138 DMISFIALJn300RYICH
ATCSH otugentye 1 CAPACITORFXD 110PF +wS% JOOVOC MICA 72138 DMESFIY1Jp300mVICR
ArCY [STLETIE: ) 1 CAPRLTITURSFXD R2PF +e3Y 300VOL MICA 12138 OM19ERZ0J03IN0HYICH
ATCLD 0tugentod 1 LAPARITORNRYD (10PF +mBY 300YDC MICA 72118 DMISFL1 JOI00RVICR
(3543 D140=020% 5 CAPACITORPXD 62PF +«5% 300VDL MIga T2138 DMISELZ0IRI00NVICH
ATgL2 G140en2ns 5 CAPALITORSFXD 62PF +=5X 30GVDL MICA T213s GMISELZOJDIU0NYICR
[543 f190unidL % CAPACLITURSFXD ,{UF +Bow2n% SoVDC CER 28480 n1%0m0121

arlre G1bpw205S M CAPACITOR=FXD ,014F +80we20% 100v0C CER FEEED] tlsne2nss

AYCLS BLANwmZENSS & CAPACITORWF XD _atUF ¢ROw2pX 1nnvHL CER 28480 Hteawansk

See introduction to this section for ordering information
*[ndicates factory selected value
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Section VI Model 41914
Table 6-3
Table 6-3. Replaceable Parts
Reference HP Part |c Q I Mfr
; 4 t Description Mfr Part Number
Designation Number |D Y P Code
ATCH? 01602266 4 H CAPACITORNAXD 24PF se8% 500VDL CER pDeelp 28480 [FTTLFEITY
arcis 0160m224b 0 b3 CAPALITOR®FXD 3, 6PF +=,25PF 5004DC CER 26080 [FULCYEITS
L3113 01802204 7 3 CAPACITORFXD S1PF +=SX 300VDEC MILA 28480 0180wP204
ATE2Y 01p0=2159 H H CAPACITORWEXD 30PF +=8% 308VDC WIgA 28080 Dle0m2)19%
ATy 0f4pm2201 1 CAPACITORFXD S1PF #=8X 300VDL MILR 28480 0160=2204
Arter 1602199 2 CAPACITORFXD 30PF +=5% 300YDC MIL2 2hado [FEYLTICL
arcay 0160w2266 4 CAPACITORMFXD 20PF 4=5K S00VDL CER DéelD 28480 01b0m2268
ATl H160w226% 9 5 CAPACETORRFAD (5PF enSX S00VRC CER DewdD 28u8p [FTLETEIT
AT0N2 C1p0e20%5S 9 CAPACITOR®RFXD ,01UF +B0=20% 100¥DC CER 28480 01602058
ATC33 016622058 L] CAPACITORFXD ,niuUF «B0w20X 100VDC CER 28480 0560=R0%E
ArCyu t160e2058 9 CAPACITORFXD ,plUF +BOe20¥ 100¥DL LER 28489 0La0e2pSS
ATC3Y H160=22%4 0 CAPACITORSE XD T SPF ¢w, 25PF 500yDL CER 2848y DEo0=2254
(241 01602287 3 3 CAPACITORWAAD $pPF 4=%% 5006VEC CER ttedl asadq 0160=22%7
331 05602251 7 8 CAPACITORSEXD S, 6PF #= 25PF SQOVDL CER 28480 DleD=22%t
ATLRY LREY LY ? CAPACITORSFXD % 4PF 4a,25PF S00YD{ CER 28080 D1e0wR2%Y
Artyy 0160w228] 7 CAPACITORFXD S 6PF +a,25PF S00VDC CER 28480 0160w22N]
ATL43 016022261 5 CAPACIYOR=FUD (EPF +=5X 500VDC CER O+w3p 284680 D160w226)
47{4d 0160m2261 9 CAPACITOARFND |SPF «wb% S00VDC CER Dewdt 28480 D180m2201
ATC4G 0je0e22%7 3 CAPACITORFXD [0PF +a5X S500VOC CER O4wbd LT olyomgzsy
arLeY 01602257 3 CAPALTTORFXD (aPF swSX S00YDC JER Oewald FIYTT) Dls0m22%T
3 L) 01bosp2%! b CAPACITORFYD S,6PF +a,25PF S0oyDC LER FLTLE] Pla0m2251
(341 0160w2Ub [ CAPACITOR=FAD 3, 6PF +m,2%PF S00VDC CER 28480 01eD=2248
A7C82 0160m2251 9 CAPACITORMFXD JSPF #akX S00VDC CER 04m30 28uBn D160w2261
ATCSY [FLY2F-FIT 8 CAPACITDR=FXD 15RF #+w5X S00YOC CER Oee30 FLIT:1 CSTTLE TS
ATC8S 0leoed?s? 3 CAPACTTOR®FXD 10PK +m3X Sa0VOL CER O4ms0 FLT1Y 01602257
ATCSS 01&0=22%7 3 CAPACITOR®FXD 10PF #mSX 500VDL CER D4wsd 28489 0160w2287
(%151 ] 0140=22%1 7 CAPACIYORFXD 8 oPF 4w, 25PF S0QVDC CER FRusy Q160w
ATCER Dlbge2246 0 CAPACITORRFYD 1,4BF 4w, 25PF 500VDL CER 26489 0lbNedde
ATCSY Dle0ez25d 0 CAPACITORmEXD 7, 5PF +m,25PF SOuyDC CER 2B4B0 0160w2254
[ {A%] 0166w7257 1 CAPACITOR@FXD 10PF ¢=5% %00YDC GER Demb0 z8u8y 01602257
Ly {TY) Jlbo=22%4 I CAPACITOR=FXD 8 4PF 4= 28PF SonvDC CER 2848y 0160=225%)
ATCES 0160»2254 T CAPACITORWFXD % 6PF wu,2%PF SnoyDC CER P8uBq 016022251
A7CeY 0160=2251 7 CAPACITORSFXD 5 4PF #x,2%PF SooVDC CER 284Bo 0160w2251
[%i11] 01602055 9 CAPACITORWF XD _01UF +BOw20K J00VDC CER FL-TLL] ale0wpohs
ATCr0 0160=2085 ] CAPACITOR®FXD ,01UF 4B0=20X% 100yDC CER 28680 0160w2055%
ATEYY 0160w205% 3 CAPACITOR=FXD ,01UF +B0m20% 100VDL LER 268489 016De2045
A7LRY 19015040 H DIODELSWITCHING 3g¥ SoMA NS DOL3S 28udo 19¢1=0p4a0
arcag 1901m0040 1 DIODE=SWITCHING S0V SOMA 285 DD=3S 26480 19¢1=0040
ATCRY 190 1mngug { DIODE=AWITCHING 30V SOMA 2N D0a3S 28480 1901w0040
ATCRu 1901=0040 { DIODEwSWITCHING 30V S0Ma 2N8 $0e3S 28400 19010000
ATCRE 19010040 1 DIDDEwSWITEMING 50V SOMA 2N3 COw3S 28480 15016000
AYCRE 1901 m0040 ! DIDDE=SWITEHING 30V 50Ma 2NB 5038 p8480 RLILLETT
ATCRT 19010040 1 DIDDE=BWITCHING 30V S0MA 2N8 DOwl§ 2Bupo L90 w0000
ATLRR 19610040 1 OIODE«SWITCHING 30V 50MA NS 5038 28480 t901=gau0
ATCRO 1901 =004D 1 DIODE=SWITCHING 30V SQMA 2N8 D »38 p84B0 90 =040
ATCRLO 190 w0040 H BIODEwBWITCHING 30V 50MA NS DOW3S 28480 19010040
ATERLL 19010179 7 DIODE=SHITERING 15Y SOMA 7SGP8 pOw? 284689 130180179
ATCR(2 19010179 b DIDDEwSWITCHING 15V S0MA 7S0PE 00m? 28480 19010179
AYCRES 19010179 7 DIDDE=SWITCHING 1SV SO0MA Y5GPS DDm? 2B4BD 190180119
ATCRLY 1901=pt?y 7 DIDOE=SWITCHING 15V S0Ma T50PS D0=7 26489 1901017y
ATCRLS 1901=03 79 r DIODE=SWITCHING 15Y S0MA 7SHPS 00w? 26uBY 19010179
ATCR1b 19010179 ? DIDDE=3WITCHING 15V S0MA 750P8 0Qw? 28489 19010179
ATCRET 19010040 1 DIUDE=SWITCHEING 30V SOMA 2NS DD=35 28480 190140040
ATCRyE 190140040 1 DIODEwSWITCMING 30Y SoMA 2NB DDaYS ELTLT] 1901w0049
ATERLS 19010040 1 DIODE=SWITCHEING 30V S50%A 2NS N0alS H-LLY] 19010040
ATCR2O 1901m00480 1 DIODE=BWITCHING 30V 30MA 2N8 DOw35 28480 19810040
AYER21 19010179 ¥ DIDDE=MWITCHING 15V SOMa T50PS pOe? ELEL D] 19010179
A7CR22 19010179 b DICDELSAITCHING %Y SoMA TS50FB DDw? 2648y 190120179
ATCR23 1901=0040 1 DIOOE=AWITCHING 30V S0MA 2N8 DD=35 2BUs0 190120040
ATCR2Y 1901wp0d0 1 DIODEEWITCHING 30V SOMA 2NS DOs3% 28480 1961.9040
ATCR2S 1901 =0040 i DIODE=BWITCHING 30V SOMA 2N8 DOw3% 284B0 1901w0040
ATCR2G 1901 «0040 { DEIDDEBWITCHING SoY S0MA N3 DOe1S 28480 19010040
a7CA27 1901 =g0k0 1 DIODE=BWITCHING 30V 50Ma 2NB DOw3S 28480 L901m0040
A7CR28 19030040 1 DIODEmBW]ITCHING 3oV S0MA 2NS DOw3S Bubn £961w0000
A7CR29 19010040 1 DIODE=SWITCHING 30V 30MA 2NB DOw3S 28480 1904mp0ud
ATCR3p 190ten080 1 DIODE=BW]ITCHING %g¥ SoMA gNB ©S0w38 28480 t9a1v0hA0
AYCAY 190180040 1 DIODE=SWITCHING 30V S0MA 2N8 DO#3S 28480 1901mt0uD
Aycay? 19610040 1 DIODE=8KITCHING 30V S0MA NS DOw3S 28480 190t=paup
arcRy3 190129040 1 DIODE=SRITCHING 30Y S0MA 2N8 DOe3S 28480 190 w0048
ATCA14 1901 w0080 1 DIODE«SWETCHING X0V SoMA 2N8 DOW1S P8ulp 1908=0040
ATLR1S 1901e0040 1 DIODE=SKITCHING 50V S0MA4 2N8 DO} 2848 190190040
ATCENS 19610179 7 DIODE=BKITCHING 15V S0Ma 7S0PS pOe? 20400 1904#0179
410437 190480179 7 DICDE=BWITCHING 15V S0MA TSOPS DQOeY 28480 190i%0) 79
A7CAIA 19010179 b DIODE=SKWITCHING 18V SoMA 750PS 0OOe7 28480 1905=0179

See introduction to this section for ordering information
*Indicates factory selected value
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Model 41814

Tahle 6-3. Replaceable Parts

Section VI
Table® 6«3

Reference HP Part |c Qt Descripti Mfr

g escription Mfr Part Number
Designation Number |D y P Code

AT 91002251 n 3 COM.wMLD 220MH 10X B832 ,0990X,35LG=NOM FLYLY] 9100m2251

atTL 2 91fp=p24% [ 4 EOIL»MLD tHONA 10% Gm34 L 095DX,2SLGwNOM 28489 9160w2e9

ATLS T QompRT 4 COTLwMLD 100NM (D% GW34 ,0950X , 24LGeNOV FLILT 91002267

ATLY IthpudRsl [ LOIL=MLD 220NM 10% 0832 L0950x,2%L GeND¥ FLYEL 91002251

ATLS F10o=2249 b COIL=MLD IHONM 10K GR34 09%DX, 25LGeNOY 20dBp 9100m2249

ATL S 91002248 5 i COILmMLE {20NH j0x O®34 ,098DX, 25LG=NOM 28489 S1g0=2348

ATLT 91002251 ] COIL=MLD 220NH 10X G832 ,095DX,25LGeNOW 28480 SEO0wRRS

ATLR 1gnap249 [ COILwMLD 15aNH (0 Gu3d 095DX,25LGeNDM 28489 YE00-2RUY

AT 9 FI00aR24T 4 COIL=M,0 100NH 10X GR3d .OGSDM.ESLG-NDM 2Bud0 F100a2247

ATL1G F14nap1 79 1 3 COTLwMLD RRUM 1nx OnTS L 1350X, 3TSLGN0M HLY L] 91anep]79

A7L11 Fiug=plse ] CONLeMLD (UM 1oy DR32 ,0950X, 250 0=NOM 2848 9la0=ny58

ATLI2 Q1Un=0188 & LOTLMLD (UM 10X Q932 SOOGS0 2%LGeNOM HLEL-L G140m01%8

AYL19 9Lu0mp %R [ COILwMLO JUN 1oy G832 ,09%0X, 250GeN0Y ELYTY 1400108

ATLE0 Frdnenisa & COTL=eLD UM 106X GN32 L0980, 2% GeNOM ELTT 1 S140w01%2

ATLZy Ytnne3922 [ ' COIL=FIXED 12ne)300 HI R0uBY S1p0"30z2

ArL22 gibompgdy 4 COTL=MLD F0ONH 10% Quwdd ,0050X,250LGeNDM asupd Qlo0ed2ay

[ 3193} FLupuntse & COIL=MLD tun jox @s32 ,0950%, astG.NDM 2848y 140wy 52

ATy LITLEN R L) 1 LOIL=MLD 22UM fOX ants’ .155n:.315L6-~uu 26480 LITTELERL)

L7128 F106a1R22 4 COILFINED L20a13p0 MZ 28480 9100=3822

ATL28 003922 [ LOILeFIXED 1201300 N7 28480 9100w3822

LT, 2Y F100=2247 4 COTL =MD 100NH {0% G834 ,093DX,25LG=NON HLTLL 9100m2247

ATL2R Lcapibh & EGILwMLD (UM 19X DE32 ,0950% 24 GeNOM 2BuBY LIVEEY IR L

a7,29 uomn1 79 1 Col em D 220K 10X GATS 15SDX, 378 GenpM 28480 914teQy Ty

ATL39 F100e2207 4 COIL =MD 1O0ONH 30% GA34 0950K,25LGeN0H 28480 9100w2247

TLup Ylige22d? 4 COILWMLD 1ANNM yox @834 _09SDX, 2SLGeNOM ELELI 9ipomd24?

ATLay Fione2247 4 COILWMLD jogN® 0% DE3u Q950K 25LGLNOM 28489 Fiche2dd?

BYMB Y 2190e0t2Y 4 KAYHERLK INTL T NO, t0 ,195«INalD ELELD] 2190wpigé

(Y ALEH 2360=051% a SCREW.MALH Bw32 ,312eINalG PANWHD@POZI 00000 URDER Ay DESCRIPTION
ATHRY 2950=0G78 L} NUTmHEX@RBLuCHAM j0m3d=TsD 04T elNeTHK aBudg 2950=0078

INPY E0nlant?y 7 phubY 5A01w0173

AMeg 191 wp00le | & 1 CUVER 28440 04191wp0000

AYPY 1250=1220 0 CONNECTORWRE Swp M BC 50e0HM 28480 12%0m1 220

ATRp 12501220 0 CONNELTORmRF 8w{ H PL SQe(HM 28480 12%0=1220

A7R3 1250=1220 0 COMNELTOR=RF AW 4 PL SOmOHM ELEL 12501220

LTRY 06B3atplS ? HESTSTOR 100 S% 25 FC TLm=d400/¢300 LIRY-H) £B101S

LIRP OBRYw3ANS 2 RESISTOR 3% Sx _2%4 FL TCE=sun(/+300 LIRT ] [4:33 13

ATR} 0bBle6B0S 3 to RESTSTOR 48 5% 254 F{ TCe=d00/+500 LIRY 3 [4. 1110

ATRY OeBlmbBOS 3 RESISTOR 6B 5% 254 FL TCeEadGn/e500 o1r2 [4.17:11.

ATRE D6R3asR0S ] RESTHTOR 6B 5% ,PSW FL TCEmU00/+500 a1t [4.17.3:1 3

[ %4:13 068%apB05 3 RESIATOR 68 5% , 25w FC TUmwd00/+¢300 LIRT]] Cipb05%

AFRY 0681uiRAS 3 RESISTOR &8 KX _2%% FL TLwadf0/4500 0412} Cosn0%

LY LL] e83unbos 3 REGIRTOR &8 5X 2%+ FC YCmmdgp/e500 ol1Rl CBef0S

ATRS 0483=pB08 3 RESYSTOR 8 SX% ,2%W FC TCwedd0/+500 ol [4:11. 11

ATRIG NeRlapbing 3 REMISTOR &B 5% ,28W FL TCmedng/+500 artdl COp80%

Y] NOT S83TRNED

Ly QUL mba%0Y | & 1 RF DIRECTIONAL BRINGE CIRCUIT BD A38Y 28480 0519 wbbs00

A9CY 81hbupb8h L} [ CAPACITORFXD  4TUF +s20x S0YDC CER 031828 BOS4TwuTuMP

[y 1) 0la0=nban ] CAPACITORWF X! L 47UF +=go% SovDL CER 03528 SORUTMUTUNE

ASCy Dlép=n&it A CAPACITORFXD _4TUF +a20X% Sovi( CER 03526 S0RaTwuTUMP

LL [FETIY LT 8 CAPACITOR=FYL ,4?yF e=20X SovDLC CER 03528 S0S4THUTHMP

(Y141 Ofbnwgban a CAPACTTOR=FYED ,4TUF +m20% 50VDC CER 035 2N E0SUTWyTyMP

LLT4% 0§60wibRe ] CAPACITORWFYD ,u7UF +e20% 50VDC CER 03538 5084TWUTUMP

[ETN) ®170=095% 2 1 LORE«TDROID 28480 9170wqe8}

a9Le 170=0498 i 1 CORE=TORDIR 28480 9170m0u9Y

gLy R100e3F22 L] COILFIXED 1261300 HI 28480 M00m3922

ALY 9i4p=0t29 1 5 COTLeMLD 220UH 3% GELS L1550, 375, GeN]QM 28480 $l1UQenLR%

a9k NeBaeT5EY 3 5 RESISTOR B0 1% ,IW F TCmG4=g5D 28480 06987513

[TLE PFRaTELY 3 RESISTOR B0 ,1% 1w F TCmo+eB0 28488 06987513

ASRY Do%B=7513 3 RESTETOR 50 1% 1% F TCeoewS) agaqen 06957513

AORY beRRaT222 1 4 REAISTOR 261 1% 088 F TLEO0ew100 24546 F3el /BuTOubiReh
AGRS 0a9ReT222 1 RESISTOR 26) 1% ,05W F TCw0ewilQ 24548 Cinl/BuTOndb)fAeg
iRy Oponayloy | RESISTOR 3p,2 L% ,0%5M F TCmQéw)OD 2ukap Cysi/aaT00nlghget
A9RT 058987493 g RESISTOR 16,2 t% 05w F TCEd+al0D ELLET Clal/8aT00mibR2el
AgRB GhoBer222 1 RESTATOR 261 1% ,09W F TLaldestl0 L L] Clsi/8atdedbiNeg
A9RS CLIReTRRR 13 RESTISTOR 26t L% ,0%4 F TLAQ+eing 24546 Cim1/8aT0n2b|Ral
49R10 0bT0aTIAR L] 12 RESISTOR 11 1% ,0%W F TCw0eal0D 24546 $3mi/BuTOielIRDeG
AIRYY 0aFa=7189 9 RESISTOR §1 1% o84 F TCmo+=190 2uSUs Ci=1/8eTpow)|ROnG
AORYY 0nR8=T1A9 9 REQIBTOR {1 1X 0%+ F TCEQe=iQn LTS Ce]/BeT00wliR0uG
agR1d 48987180 9 RESISTOR 11 1X 08BA F TCaOesQ0 24548 Clel/BaTi0aliR0=G
AgR1E JaYB=TiR9 3 RESISTOR 11 1% 054 F TCuQ+=]00 2U%He C3w)/BeTOOniiRO=R
ASR1Y NedRwt18Y 9 RESISTOR 11 1% _oSw F TCEgesind 2454e Cinl/utonnilROaG

See i;\.troduction to this section for ordering information
=[ndicates factory selected value
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Section VI Model 4191 4
Table 6-3
Table 6-3. Replaceable Parts
Reference HP Part |c 0 . Mfr
; g t Description fr t mber
Designation | Number |D Y scriptio Code Mfr Part Numbe
ASR1B 04%8uT227 6 3 RESISTOR 422 1% 0%% F Timoewio0 2u544 $3ui/BulOudddRal
AGRIS 049847189 9 RESTATOR 11 1% ,08W F TCaO+=1Q0 20546 C3nl/8af00al INOnG
A9R20 069847189 L] RESTATOR 11 1Y ,N8W F TCQ+sigp 2usds Clei/8aT00e1 R0b
AGR2Y 069847227 4 EBTATOR 422 1% O%W F YORO4=100 2454e £lei/BaTOnd2dRng
A9R23 04987513 3 REBISTOR 80 1% 1N K TCanenSo 28480 06982781
A9R24 06987513 ) RESISTOR 50 1% 1N F TCS0enSQ 28480 0a58u?81}
AOR2S 069Bn7589 ? REBISTON 11 (X ,0%W F TC20+=100 LT C3ul/8=t00wltRGunG
A9R25 N698=718% 1 RESISTOR 1§ 1% 084 F TCE0eaips 24804 C3mi/8aTD0w]iR0aB
A9R2Y 06987227 [ RESISATOR 022 1% ,0%% F TCEO+a|0O 24%04 Cimi/BaTina2Ang
A9R28 06987189 ¥ RESISTOR 11 (X 050 F TCRO+m180 2us4e Clai/Bal00e) RO
(LU D6SRTLAG 5 REBIBTOR {1 1x 08N F TCao+wlno 24544 C3ui/BuTOQuliR0G
Apo 0419t =bs%10 | 9 2 REF {HANNEL SAMPLER BOARD ASBEMBLY 28480 419 1mpanLn
AJogt 0150=174% 4 [ CAPACITORFXD 1,5uFe=10X 30VDE T4 5h289 1500155x902042
AtoC2 0180w T4S 4 CAPACITURePXD |, 5UFemiOX 20VDC T4 56280 1860158X902042
A30c4 2180wy T8 4 CAPACITORFXD 1,85UFes10X FOVDC TA 56289 130D159%902042
A1ols 01400199 & CAPACITOR=FXD 2408F +w3X 300YDC MICA 12138 DMISFEGIJO300WYICR
A1oCs 01603879 7 CAPACITORSFXD ,01UF #»20% 100YDC CER 28489 160=3879
Atoc? 0160m1743 H H CAPACTTORFX] ,1UFtel0X 3SYDE Th 55289 150p104x5035A2
Kioge 01800197 A 4 CAPACITORSFXD 2,2UFs=i0X 20YDC TA 56289 150D22sAR0 2042
L4 G180=0197 8 CARPACITORFXD 2 2UF+=idX 20vDC T4 S0289 15¢RE2sxsodoA
Apglie 0180=0299 3 CAPACIYOR=FXD ({F+wy0X 3SVDC TA L1FLL 15001089 p354A2
A10L1 NOT ASSIGNED
AOL? 140wl 29 { COMLwMLD 220UN %% QoS ,1550%,}75LGeNCM 28uBo R140w0129
ALOLS 9100=0129 1 COIL=MLD 220UH %Y dxes _1830X, 375LG=N0M LTI L 9140e0§R29
ALgHPL 23600115 q SCREWaMACH £032 ,312e]NelG PANwMDaPDZ} 40000 ORDER BY DESCREFTION
Lyomp 0419124004 | 8 4 BPACER 28480 04191224004
Ay ouPY 04191.29000 | ¢ 2 COVER 28430 QUL 29000
ALePy 12500829 3 4 CONNECTORWRF 3MC M BGLwMOLE=FR S0e0HM 28480 12500829
LN L4 12%0w082¢9 3 CONNECTORwRF SMC M BGLwHOLEsFR SQwOHM 2dude 1250m082¢
A1oRt 189320020 [ TRANSISTOR PNP A1 PDEYQ0Mw FTa1B0MHY 28480 18830020
A1002 1884=0071 7 TRANSISTOR NPN 81 POw30OMN FYg200MHY 20480 185400071
A1QQ3 18540071 7 TRANSIATOR NPN 81 POm3onMa FTa200MH2 28480 16%50w0071
ALory D75 T=0230 1 RESISTOR 1K 1% ,12%4 F TimOemiQ@ 206508 Chal/BulOni00laf
A1OR2 07570280 3 RESISTOR 1K 1% ,125W F tis@4el00 24848 Chwi/Batini00lnF
ALORS 07570d3% ] REBISTOR &,8tK 1% 125K F TCwoeeioo U548 Cdni/BaT0ubBllaF
ALORY DeBlai0as ¥ RESIBTOR 1K 5% 25K FC TCwwd00/e000 01124 CE1045
ALORE IR TR H RESIBTOR O,b4K X ,125K F TCwOemigo 24%44 Chwl/BaTOmibiinF
AjoRe 0757=003%9 [ REGLSTOR 6,81K (X L1258 F TCEQewi0D 2u%ue Cdm{ /AuTOmbE] ] of
AYORY PAB3=2238 LS RESYSTOR 22K 8% ,285W FL TLwwa(0/4B00 pliey CB22)s
LLORE 0683a3318 4 RESISTOR 330 8% ,2%¢ FC TCwadnO/+800 01124 CB33LS
ALORS 06832238 L RESIBTOR 22K 5% ,254 FC YOwado0/¢Boo tiias CB223%
AtpRtp FILEEFRF2 ] L] 10 RESIBTOR 2,7# 8% 2850 FC TCawapo/¢700 o112t chayas
[$TLIE] LITREEREL] 8 RESISTOR 2,7% 5% ,29W FC TCawd00/+700 pl14 LH272s
YLLIT] ¢T5Te0a40 H z RESISTOR 7,84 1x ,$25W F TCMosetfn 24544 Cimi/8uTouTE0]el
[STL3%] 0157=0d41 [ 2 RESFSTOR B8,25K 1% ,125% F TCmO4al0) 24846 Cdal/8uToubSieF
ALDRYY 683ath2S 1 14 RESISTOR $,6k X ,25W FC TCwmd00/¢700 21121 £B562S
ALoR1S 07570038 3 RESISTOR 5,11K px ,123%W F TCWo+eloo 24504 Chui/8aT0aS111aF
higRyé 06835615 i RESTBTOR 560 S5y ,2%W F{ TCM=400/#000 o112y - 1T3L
AyoRy? [LLERINIL ] ¥ RESISTOR 100 5X 294 KL TCwed0o0/¢500 i1l CE101%
hioR18 2100-2216 [ F RESIBYOR=TRMR 5K 10K C TOReADS jeTAN 28480 2100-2216
AtORES 2100-2522 2 RESIBTORTAMR 10K 10X [ SIDE=ADJ 1=TRN FLYT.L 2100-2522
Ao Ut Nd1918%100 | 3 H] QAMPLEReMI 20080 CEIRAET L EE:L
Aft 06t =bbbin | 9 tEgT CHANNEL $AMPLER BUARD AgSEMBLY 2880 G4191wsb8l0
A158y [FLITIR T 4 CAPACITORFXD 1,5UF4m10% 20YDC TA 56289 1500159x902042
AL1E2 C180w) 748 4 CAPACITORSFXD | SuF+=}0X ROVDE TA 56289 1500188X902042
hitia 0180miT48 a CAPACITOReFXD 1 SUFestdy 20VDC T4 55289 1300158X902042
ALLES 0140=0199 ] CAPACITOR=FXD 200PF +=$X 300VDC MICK 72138 pMISFa1J0300RVICR
AL1te 01603479 7 CAPACITOR=FXD ,0tUF *=20% 100YDE CER 20480 0160=3879
(Y81 0180=174g3 2 CAPACITOR=FXD ,fUF+s10X ISYDC Ta 56289 L5ED104A903NA2
(Y31 G180wn197 [ CAPACITOREXD 2, 2UF4mi0X 20YDC Th 54289 t5002284502942
A11ES T180=019? [ CAPACITORaFYXD 2,207 410X 20VOL TA 50289 §50DR28NB02042
LTRE2L 0180029} 3 CAPACTITOReFXD tUF+ei0X 3ISYDC Ta $6289 150D108X503542
(231 %] NOT ASBIGNED
AriLe 140=0120 1 COIL=MLD 220UM 5% @S ,1550K,375,GeN0M 28480 gia0w0y2e
A11L3 FtUpe0 529 1 COlLmMLD 220Um BY JEe8 _1EEDX 175 GuNOM 28480 $1d0=gy29
[YELLE] 25b0-0118 L] SCREWaMALH Ge3? ,312wiNalG PAN=HPwPOZI 24000 DRDER BY DEBCRIPTION
Apiupe D4iG a2u004 | 8 SRACER 28480 0419 w4004
Aj1up3 D4195=239000 | 4 COVER 25480 U191m29000
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See introduction to this section for ordering information
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Model 4191A

Table 6-3. Replaceable Parts

Section VI
Table-6-3

Reference HP Part |c I Mfr

: p Qt Description Mfr Part Number
Designation | Number iD Y P Code

IYTL] 1250=0829 1 CONNECTORWAF SMC M AGLuHOLE=FR SQeOHM 28080 125000879

YL 1250082¢ 3 CONNECTORRAF 8MZ M BGLeHMDLEwFR S0w0HM 28080 L2Bo=0a29

atal 18530020 4 TRANBIBTOR PNP §1 PORIOOMA FTEiSOWMY 28480 1853m0020

A{192 1854007 7 TRANSISTOR NPN 81 PDBIQOMW FYaZNOMHT FLTLT 1884e00TE

A1193 18840071 7 TRANSZETOR NP 81 POBIOOMN FTN2OOMNZ 28080 18540007}

[IRLSI 01%T=0280 3 REAISYOR Ix 1% ,125W ¥ TCugee100D 24546 Clwl/ButOeldlaF
hyR2 015T=0280 ] RESIBTOR 1K 1% _12%0 F TCmotei00 pusae Cdnt/AaTouioflsF
ApqRY 27570439 4 REQISTOR 6,81K 1X L1258 F TCaQ+elop 24848 Cliw) /Bat0ubdlloF
YL 0683e102% 9 REBISTOR 1K SX 25w FC TCm=k00/4600 011 ca1oes

AL LIRS 0698u31 89 ! RESISTOR 4,64K {X 125K F TCAOewigl 24808 Clel/BaTombbdleF
[JEL 075Tmpd3® 4 RESIBTOR 6, 81K 1% ,12%% F TCwo+el0f 24848 Cidui/BulonbBllaf
AfiRT 068342235 | S RESISTOR 23K 5X 28K FC TCms000/s800 ot1dy | cazads

Ay IRA PLLE TR ETL] 4 RESIBTOR 330 5X% ,2%W FC TCewigQ/eb00 [33% 3] Ca131s

ALIR9 UbB3e2235 5 RESISYOR 22K 8% ,25W FC TCH=d00/4800 ot1ay caass

ALIRD S4BT RS ) RESISTOR 2,7K 5% ,25W FC TCwed(o/e700 [TEE 4] capres

[YILIT! 0653a272% L] RESISYOR 2,7K Sy 254 FCL TCe=400/+700 ot Cagres

ht18t2 37570449 7 RESIOTOR 7,5k 1% 125K ¥ TCOO4migd 24544 Cén)/BaTOuTS0Ler
SELIT] A78Te044y a RESISTOR B, 2%K (X ,12%W F TCmoem100 FLLITY Cley /lunTiubibieF
ALIREY 06834562% 3 RESISTOR 5,6K Sy 25w FC TCRadQ0/4700 otidt c8%6as

ALIRLS [FLELT Y)Y 3 RESTSTOR S, 01K 1X 028K F TCagewion [EL1TY Luel/BeTOnSi]isF
AEIRES 06E3u5615 1 RESISTOR 560 SX 25w FG TQoumd0a/+400 LIRE 4] ca561s

ARy 048%e1015 b REBIBTOR 100 5% 250 FC TCEwi00/4500 (3313} ca1018

ApIRES 2100-2216 & RESIATOR=TRMR 5% {0% € TOP=ADJ {=TRN 28480 2100-2216

ALiRLS 2100-2522 2 RESISTOReTRMR 3oM 10X C SIDEsAD] feTAN a8uly 2100-2522

[ERATAI 0419153100 | 3 BAMPLERWMIC 2880 04194e85100

(31 Qul9teppsiz [ 1 1 PLL BAMPLING CONTROLLER BOARD ABSEMBLY 8480 Oul9ieyn5iz

(YT 141 D180w2205 3 t CAPACITCRaEXD ,33UF4atOy JSVDC TA 56289 18003ISAN9038AZ
atace 0150m0121 H CAPACITOReFXD ,{UF +80s20% S0YDL CER FLTLY] 0150m0421

Arals 0180-0116 6 t CAPACITOR-FXD 6,8UF +-10% 30VDC TA

A12te 01B0w1083 3 CAPACITOR-FXD 33uF -10%+75% 25WVDC ALM 2848y 0180wy 083

arals [FLNTSYYH] 3 CAPACITOR-FXD 33uf -10%+75% 25WVDC ALM 28480 0180wi0ls

hyece 9180e1083 3 CAPACITOR-FXD 33uF -10%475% 25WVDC ALM 28480 0160w10683

LY 01%0mg124 -] CAPACITORWFXD ,1UF «Bow2ox S0YDL CER 204849 01%0m0121

Ar2ce bikosa200 [ 2 CAPACIYCRwFXD 39GPF #wBX J0OVDC MICA T2138 DMLISFERLJOB00RVICR
byale D150mp121 5 CAPACTTORFXD _1UF 4Bpe20% 50v0DC CER 2B4ds 61500012}

AL2C10 016pe]083 3 CAPACITOR-FXD 33uf -10%+75% 25WVDC ALM 28480 0180m) 083

atacit 015peqy 21 5 CAPACTTORaPXD ,1Ur +BOmEON S0VDL CER 28489 0180s0121

agagye 01801083 3 CAPACTTOR-FXD 33uF -103+75% 25WYDC ALM 20480 0180e1083

A2t 6140e5178 1 i CAPACITORAFXD %p0PF 422X 300VDG MICA 12138 DMESFE41GOIDORYICR
hg2l14 016g=p98y u \ CARACITORPXD 4302F +-8% 3GOVDC WMICA 28480 016000839

Ay 2815 DL4Qwp198 5 1 CAPACITORSFXD agoPF +=3X% 3GoVDL MICA Te1de DMISF2yiJ0B00MYICR
[3tiat otag=1083 3 CAPACITOR-FAD 33uF -10%+75% 2BWYDC ALM 28484 01p0eigald

Apacae 0150wt 083 3 CAPACITOR-FXD 33uf -10%+75% 25WYDC ALM 28080 0180=1083

Ageat 0LAGei0AY L3 CAPACITOR-FXD 33uF -10%+75% 25WYDC ALM 28480 pisowigay

hy2tp2 0180=1083 3 CAPACTTOR-FXD 33uF -10%+75% 25WVDC ALM 28480 5180=1085

hjagas 01b0mnBAG 3 CAPACITORSFXD [ 33UF +elgoX BOVOL POLYE 28u8p Die0mnBaT

Ajalay 0160=0§56 9 CAPACITORSFXD sapgPF 4®y0% 2ooVDE PCOLYE LY D] 0lbo=0) 58

Ataces 01bowg22e [ CAPACITORWFXD 1200PF +e8% 300vOC MICA 28489 Qla0=g220

Ayaiey 018Ge1083 3 CAPACITOR-FXD 33uF ~10%+75% 25WVDC ALM FLI L) al18pmighy

Ay2028 Q180m1083 3 CAPACITOR-FAD 33ufF -10%+75% 25WvDL ALM 28489 0180=1083

Ayacae 0180.108% 3 CAPACITOR-FXD 33uF ~10%+75% 25WVDC ALM 28480 0180wi083

A12C30 0)1Bpuitgs 3 CAPACITOR-FXD 33uf -10%+75% Z5WYDC ALM 28480 0180w1083

hpa0ay G180wR9BS & 4 CAPACITORGFXND 33UFse20% H3VDC AL 28480 0180w208K

A12¢32 D1bpwl58 ] CAPACITORWFXD 5500PF +wi0X 200V0L POLYE 28480 FICLLY TR L

Ay 2{Rg 19010518 8 DIDDEwSCHOTIKY 28480 190iw0518

Atzena 190t=0518 8 BIGHEaSLHOTTHY 20489 190k }B18

A3 2CRS 1904 =040 t DIODE=SWITCRENG 30V SoMa N3 00«38 28489 190k=gaip

AL BCRYE 190t=p0ae 1 DICDESKITEHING 30V S0MA 2NB D0e3S 28ud0 t90Le0a40

A1 2RS 1931 =0000 1 DIODEwSWITCHING 30V SoMA 283 DDe3S FLITY 1901e0080

&12LRe 1905ep0dd 1 DICDERSKHITOMING 30V SoMA 2N3 DOw3S 28480 t904w00d0

A 2CRT 1901=0%18 ] DIJDEwACKDYTKY 26udo 19010818

At2tRa t90N=0818 [ SIODE=SCHOTTKY 28480 19010818

ARERE 19010518 [ DIODE=BCHOTTIY 28480 1901»0518
M2TRYY £902en04Y & 1 DIODEwZINR §,11V X DDe? PDE, 4% TCWw,009% 28480 §9020041
h12CRy3 t9p2-1288 L] DIQDESINR 23,7V 8% DOs=7 PDa,ui TCe#.07e% FLTLL L902*325¢8

MLt Rludmnlliu 4 COIL=MLD §OUR §DX% Gn53 ,L1550X,375LG=N0M 28480 gi40=pilé

A2i2 S140=G11d 4 EOILwMLD 1QUH fo% S@SE 1580, 375LG=NOM 28480 91ag=0iid

123 F140=0114 4 COILwMLD 10UM f0X 5855 L1530, 37SLGuwNON 28880 9ia0=0114

A2Le LTS 4 COILeMLD 2,2MN BX G870 ,2130%,58L0=NOM 28480 9100s166]

[3%-1% ] R00mibUT [ 2 COILeM,D UTOUH 8% GweB 190X, 44i,0ennn FLYT Y ig0mipi?

See introduction to this section for ordering information
*Indicates factory selected value
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Section VI Model 41914
Table 6-3
Table 6-3. Replaceable Parts
Reference HP Part |c Q © o Mfr
: g t Description Mfr Part Number
Designation Number (D Y p Code
h2Le 9100e1647 & EOILeMLD UTOUR S QwaS 190X, a4l GuNOM 284BY LIT T IR L
ALaLT 100w b44 3 1 COIL»MLD 3I0UH 8% GRAS L 190x, GaLbGeNom 28440 910014l
AtaLe 9140m0310 1 1 COIL=MLD 100UX B Qus0 155DX.378LG=NOM 28480 gladegalo
h12L9 9140m01t4 4 COILaMLD yOUN 10% GwES 188Dy YT75LGaNOM 28480 LITTE IR
hy2upy 2419 1mb0007 |7 1 COVER FITTL p4191w80007
204 18530020 4 TRANSIBTGR PN® AT POBI0OMA FYaiSoMe 28u8g 1883m0020
A1202 18550042 a 1 TRANSIATOR JwfET N=CHAN DwwODE 81 28480 18550062
A12R}Y 2100-2516 0 2 RESIBTORTRMR 100K 10X C §TDE=-ADJ juTAN 28480 2100-2516
AL2R2 2100-2514 & RESISTORTRMR 20K 10X C BI0EwADJ 1=TRN 28480 2100-2514
Ay 2R3 078%u0199 3 4 RESISTOR 21,5K 1x L1250 F Yim0swl00 20846 Chui/BaT0u2S2aF
A12R4 0683eu?25 H RESISTOR 4,7k 5X ,25W FC TCR=dQ0/#%00 atsdd caurTas
L12RS 07570199 3 RESIATOA 21,5¢ tx ,128F 7 TCuG+n10D FIL T Lom1/B8uf0egiB2er
Ay2Re 0483a; 015 t RESISTOR 190K Sy ,25¢ FL TCW=d00/e700 o121 cai038
A12R7 0757 eglbl 2 1 RESIBTOR &B,iX X 125K F TCuO+eiOd 2484b Chel/8aT0unBl2uF
AL2R8 0683a5608 9 RESISTOR &6 5% 200 FC TCwwd00/+%00 oy121 T
41279 046835w1028 v REATISTOR 1K 5% 358 FC TCEmAO0/4400 FERET ca102%
A12R10 04R321015 1 REATSTOR 10K SXx 28N FL TCwed0o/4700 LIRY 31 CB103s
iRyt 0757-0447 [ H RESISTOR 16.2K 1% .125W F TC=0+-100 24544
IYFLIT caf3ed?2y 2 RERISTOR 4,7K 85X 25 FC TCwws00/4700 ERY 1 CBur2s
ITELIE 0683w 055 D 3 RESYOTOR M 5X _akW F( tCmmaog/e900 ei1t CBlo%s
A 2R14 T683.2718 2 1 RESISYOR 27K 5% ,254 FL TCMwido0/+800 o112y CB2Y3S
Ap2nss o8B3a8628 3 REGTISTOR §,6K SX 25K FC TCwwsDO/eT00 e11@! cB85625
A2R1E 075Ta0kb0 i 2 RESIBTOR 61,98 1% 125" F TCHOW=100 2548 GUml/BuTOub] 9oy
LN 0683e5825 3 RESISTOR 8,64 S ,25% FC TCewaDo/+700 1124 [i1Ti
hyaazt 079%a041? ] RESISTOR S62 1x ,125% F 1ie0+aigo 24546 Cimi/ButDuBo2RnF
YL 07%7w0192 3 RESISTOR 21,5K (% ,12%% F TCu0+el00 2usHe Clmi/anTiogig2ur
AL 2R2Y 07570199 3 RESTSTOR 21,5K (X (128K F TCuoew100 24544 (heal/82T0a2i82F
Af2RQ4 069823438 3 RESTETOR 147 tx ,12%W F TCRQea100 24840 Comi/8aTomidTHar
AL2R2% 0683n1 025 3 RESISTOR 1K 3% ,25% FC TCRma00/4800 LIRS catods
AL2R30 0633a101% 7 RESISTOR 100 S% ,25W FC TCemu00/+500 pridy CRLO1%
ITELI 0683mi015 7 RESTETOR (00 5% 230 FC TCRaU400/e800 o1y cHi01%
LYELiT 075Twyuas 0 1 RESISTOR 6BIX yx ,12%K F TCw0+ei00 25480 G787=0485
hE2R3S 0757=0280 3 RESISTOR 1K 1% ,t2%w F vClugenripd LT Clial/8ntiml0dler
ALY 075 Twnds0 1 RESISTOR 61,9K §% (1234 F TCud+mi0d FTLTY Cdmi/BaTlnbif2er
A12R3S 06815625 3 RESISTOR $,4K 5K 25N FC TCwed00/4700 [IREL £ase2s
h{2R36 B6R 3t 008 8 T RESEISTOR 10 5% ,25% FC TCawd00/4500 b1l c8100%
ALaRS? 04231528 4 REBTATOR 1, 5K X 28K FC TCRed0n/+700 01121 cB18es
Ay 2R38 0683wy 233 3 ! REBISTOR 12K 8% ,a5% FC TCwwago/+800 0ii21 (81235
A12R39 ITLITTERE 5 ) REQESTOR 180 5% ,2%0 FC TCRedpo/eb00 oyidi 81818
AL2R40 bo83wuTOS 3 t RESESTOR 47 85X 2% FL Ylwsioo/¢%00 01121 tBaT0s
A{2R41 0633.)00% s RESI8YOR 10 5% 25w FC vlwmi00/e500 [IRT 3 c8{008
ISELLH 0882225 » RESTATOR 2,2K 8% ,25W FC Ttmedo0/+700 ot12t co22s
41281 310102128 ? SWITCM=BL 8PDT SUBMIN Ja 12SVAL PC 2Budo S101-212%
A1282 3101e2125 SWITCH=SL 3PDT BUBMIN 3A 123VA[ PC 28480 3ici=gigs
AU 1820m0261 t IC MV TYL MONDSTBI 01298 NTHLZIN
Ay aua 182pwtd2} t 1 MV TTL LS MONOSTEL RETRIG DUAL 01298 INTaLALAIN
AL2u3 1820=4112 IC SF 1YL LS DaTYPE PUB=EDGE«TRIG 0§29% BNTALBTUAN
K204 1825a0139 I IC GP AMP GP DUal BwDIPaP af92an cAludeg
Af2us 1820=1112 s IC FF TTL L3 D=TYPE POS=EDGETRIG aj29% INTULBTAAN
At2ye 18201197 9 H 1C GATE TTL L8 NAND QUAL Z2elpp 01298 GNTULRODN
AL2Y7 1820=1197 9 IC GATE TTL L& NAND QUAD 2~INP oiaex ANT4LIOON
hiaue 182bud210 ] [C COMPARATOR HE {dwDIPwP 27014 LA3aIN
IS 18200630 IC Mlat TTL 4T3 MEgoaup
[YENEY 182500319 3 IC O AMP  TOmgg 2role LA3SeN
A3 04L91ebeSI3 | 2 1 #LL SAMPLING FREQUENCY yTQ BOARD ASSY 28480 [ERLITTTY 38 ]
A13C 2121e00388 0 2 CAPACITORwy TRMRWCER §,5e18PF §Sgy 52763 304374 5,5/ 14PF NRO
[$5 14 9160m2055 CAPACSTORWEXD ,01UF +80=20% 100VOC CER 284BQ 0140=2058
A13(C3 1603873 CAPACITOR=FXD &, TPF +=,8PF 200VDC CER 28400 G100n3AT3
A13%d 0160=3874 CAPACTTORFXD toPF ¢« 8PF 20QVDC CER 28480 D160=3a%4
A13LS 016021873 CAPACITORWFXD 4,7PF +«,50F 200VDC CER Z8us0 aleo=3a73
A1826 G180e8H9Y 1 1 CAPACITOR«FXD 27PF +=%5% 200VDPL CER O+»X0 51642 200+200eNPOw270J
A13C7 d1boe22gH 1 CAPACITORWFXD [DOPF +=3% 300VRC MICA 28480 Glbon204
Ay3La 016022055 9 CAPACTTORFXD _oiUF #80420K 100V0DC CER 28480 01602055
A13ge D160=3456 5 CAPACITDRaFXD {Q00PF 4w10X LKYDC CER FLIT I 016003488
A13iie 140=3458 & CAPACITORWFXD 1000PF +=30% LIKYDC CER 28480 0140e345s
A13C1t 0160e3458 6 CAPACITORFYD 1000PF +wgox LKyDC CER 28486 t1e0=3u50
a13812 tlsgw3uls 6 CAPALITOREXD JOOQPF +iQX 1KVDC CER 28480 t140=3ube
A13Ci3 0180a3u58 6 CAPACITORFKD 1000PF +wyoX L1KVOL CER F8a80 180=34%8
AL3C14 0160-205% g CARPACITDR=FXD ,01UF +80=20% 100VDC CER 2048) 01602055
AL 01602058 2 CAPACITORaFXD ,0iUF +BCe20X 100VDL CER 208480 0160=2085
Ay3pie G180a298] 2 2 CAPACITDR=FXD Z20UF+m20% §OVDL AL 28480 Bi80=290]
A13C17 018p=2981 2 CAPACITOR=FXD 220UF4w20% 0VDL AL 28480 0180=298)
A13C18 G180<| 083 3 CAPACTTOR-FXD 33uF -T0%+75% 25WyDC ALM 28080 0180=1083
(35141 0l60a38TA b CAPALITORWFXD 1000PF ¢e20X 1Q0YDC CER 2duBo 0160n3ATS
a13c20 P160=1458 & CAPACITDRWEXD L00GPF +w10X IKVDC CER 28480 01003458
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Model 41914

Table 6-3. Replaceable Parts

Section VI
Table .6-3

Reference HP Part |c L Mfr

: . Description Mfr Part Number
Designation | Number |D Qty pt Code €
AL3t2t CLe0=205% 9 CAPACITORRFXD ,01UF +80=20% tOOVDL CER 28u8¢ 0160w208S
aL3ca? 0180m2055 9 CAPACTITORPXD ,01UF +80=20% 1OQVDL CER 28480 H160a208S
415C23 [T TS 5 CAPACITORWFXD {n0QPF +=fdX 1KYDL CER 28480 0160m3u58
A3Ced 0180w1083 3 CAPACTTOR-FAD 33uF -10%+75% 25WVDL ALM 28400 G180=1083
A28 0180wt DAY 3 CAPACLTOR-FXD 33uF -10%+75% ZOLHWDC ALM 28aRH 0180wt OBY
A1302e 0§160=2085 L] CapaCITpaeFXD ,01uUF +B0e20% 100v0OC CER FLYT Y G160w20%5
Apatay 0160w2058 4 CAPACTTORFXD _01UF +80m20% 100VDC CER 26480 0160w208%
d3Les Ci6ne2085 9 CAPACITORWFXD ,01UF +80«20% 100VDL CER 25480 0160=20%8
a13cee N180m205S 9 CAPACITORaFXD ,p1yF ¢80w20% 100VDC CER 28udo 016002055
hy3C30 0160w2058 9 CAPACITORSFXD ,0AUF +BO=20X 100¥DG CER 2AUBY 018022059
ay3iu 018032984 - CAPALITOReFXD 47UF+m2p% SQ¥DC AL 28480 p180%2984
byalse 01892985 [} CAPALITORGFXO 33UFemdpx 63VDL AL 28080 gl80e2988
A13633 P160w205S 9 CABACTITOR=FXD 04yl +BJe20X 1O0VDC CER 28480 0160w20%5
a13034 0180=20%55 4 CAPACIYORGFXD ,0tUF ¢80e20X 100VDC CER 28480 D140=2053
At3cas 0150=0121 H CAPACITQR=FXD 1UK +BG=20% S0YDC CER 28480 01500121
(381411 0180e1083 b CAPACTTGR-FXD 33uF -10E+75% 25WYDC ALM 28480 0l80mipa}
A{3Ca? 016n=205% 9 CAPACITOR=FXD ,gUF 4B0e20Xx 160¥DC LER 28480 Dla)edpss
413838 Didpmy08Y 3 CAPACITOR-FXD 33uF -10%+75% 25WVDC ALM 28480 0180=15:83
(3015 1 0160=20%5 ® CAPACITOR-FXD _p1UPf +BJe20X 100¥DC CER 28480 flio=205%
413CR) D122a0309 o DIODE WYC  High § 28Vmax 11pF{vr=3V) 28080 012de010%
Aj3gH2 218Ew0109 e 9100 WYC Righ 0 28Ymax 11pF(¥r=3Y) FLILL 0122wol09
A13CRE y1g2ea109 9 DTODE WYC 0 28Ymax V1pF(¥r=3Y) 28489 0122m0409
B13CRU 0y2p=0100 i} DIGRE VVC uh 0 28Ywax 1pF{Vr=3v} 28480 012Z=0409
AL 3CRI 04220109 i DIODE WWC High § 28Wmax 11pF{¥r=3Y¥) ELTLY oi122=0109
Af3ICRE 190223082 L DICDEWINR &, 64V Sy D0u? PON 4W TCNm, 023% 28ud8o 1902+3082
A1ACRT 9023256 9 DINDE=INR R3, Ty 5% 00«7 POR G TCHE,0THX L] 190232546
LER 1N R17Gap0ed 1 CORE=BHIELDING BEAD ¢Budo ?17d=0029
Ag3LT Gidn=0114 a COILeMLD 1oUH 1o% QwS8  1SSDX 175LGaNOM 2848y 91a9=0114
apaLe F1To=0029 1 CORE=BHIELDING BEAD FLTT:IH 1Ta=0029
ALY GLugentse [ COILmMLD LUM 10X QN33 L0%%0X,25LG=N0M 28480 91400158
A3l F14cmgn9h 1 COIL=MLD 2,2UH 10x Gm33 L1550, 375LG=NOM 28480 91400098
[SEINE] F1U0e0058 X COTL=YLD 22U 1og D33 1550, 3TELGaNOM 28480 9148w0098
Ar3uie 91400098 3 COILwMLD 2,2uM §0K G¥33 ,185DX 375 GaNDH 28480 9140=0058
A3y S140wn0%8 3 EOILeMLD 2 2UH 15X G833 150X, 3TILGaNOY 28us0 9140m0098
A13,14 9140=01%8 6 COT MO JUM 10x am32 ,0950X,25.GeNOM 28480 Q1uomp1 58
A{3LS 1 Toepn2® 3 COREwSHIELDENG AEAD 28480 9170=0029
Atblle Flidgwpisg b COlLwMLD 1UK 10% Ou32 L095DX,25LGaN0M 2g4a0 Ql40=pi8g
Ai3LT LI TIART ] COTL=MLD JQUH jox @mSS  §85D, 375LG=NOM 28480 9140m01 54
M13LLS Fi4om0t 14 4 COTL»MLD 10UH 10X GRES ,§5S0DX,375,GmNOM 24480 LITTETIRT]
YRS H380wi00T s STANDOFE=RIVETwoN t0000 GROER BY DESCRIPTION
A1 3WPR 2190w01 20 [ WASKERwLK INTL T NO, 10 ,195«1NelD 28480 2E90w0 R4
h)3VP3 2200=0142 ® SCREweMALH dwdg  J12wlnNeli 100 DEG 00gd0 URDER HY DEBCRIPTION
IR LLE 23e0e0145 ] SCREWmMALK 632 ,3idwINelG PAN#HDWROZ] a0000 CHDER Ay OQESCHIPTICN
Ay 3PS 29500078 g NUTHEX=DBLaCHAM | 0e32aTHD ,08TeINeTHK 28480 2IEO=GATE
Ay3upe 50010173 ? 28480 5001=0173
Ai3uey 04i91=00403 | 3 1 SHIELD=BOX 28480 D4L9lenta0y
(SR AL GU19 w0t | & i SHIELD=BGX 111 DUEILwo0O0H
A{3IYP9 04i91e8000° | B 1 COVER 28489 4t91eb0008
(38131 125ne1220 0 CONNECTORwRF 8MC M PL SOm(HM 28480 1250=1220
A138 1854w0 345 8 TRANGTSTOR NPN aN51T9 51 TO«T2 POmZooMw 0471y 2NS1Te
ALBG2 1856008 1 i TRANSTATOR JeaFET Ne[KAN DsMODE 81 0129% 2nNS24s
41363 1850w 345 a TRANBISTOR NPN BNSITH 51 TO=72 FOm200MW 04713 2nsite

(SR 111 1854=0071 ? TRANSISTOR NAN 31 POuBOfYx FTa200MRI 28u8o 1854#0071
A130S 1A5dwnny9 3 H TRANTEISTOR NPN 8] TOs=18 PORI&gMA 28480 185400019
41304 185U=p01® 3 TRANSISTOR NPN 81 TQwi2 PDa3opMe 28480 1854=0019
L3213 068336058 L4 REgIgtlR 56 5% 25w FC yUmed{o/e500 i1t Casb0y
apdRe 0p83e102% 9 RESIBTOR 1K 5% ,25W FC YCw=d00/+600 olids £B108S

A1 3RS 0683e2TRY 8 RESIBTOR 2,7k Sy 250 FC TCwmdg0/4700 01428 cazras
[YR.LL 06832728 - RESLBTDR 2,76 By ,25W FC YCwedO0/4700 [FR 1] cagvias

4g 318 0683e5528 RESISTOR S, 8K Sy 28K FC Y{wedg0/+T700 112y cess2y

At 3Re osaletens REJISTOR 854 %% ,2%4 FL TCa=d00/4500 i1t CB%e0%
A1ERY 0483a1 528 ] RESIBTDR ¢, 5K 5% 25w FC TCumddo/4700 ni121 CRtS2S
A13RE 0o83at0al 3 10 RESIBTOR 100K 5% ,2%W FC TCWe400/4800 ity CBI04S

L3R LL] 04A%a}R325 3 RESTSTOR 3,3K Sx ,25W FC TCesd00/e700 012 CR312S
A13R10 0u8L.2728 L} RESISTOR 2,TK 8% 25w FL TCwedQ0/+700 LRRY 3 cBaT2%
A13R1Y 0683ep?28 & RESIGTDR 2,7k 8% 254 FL TCwed0g/e700 sl1d1 CE2T2s
AL3AL2 0757=0438 3 RESIBTOR S,110 ¥ 125K F TCRO+e100 2UsSde Cl4ul/BaTOwSllieF
Ay3R13 1B10ugded 3 NETWORK»RES SeBIP1G,0K OWHM X & 28480 iB1he0269
Af3R1d 0683e5615 L RESISTOR 560 5X ,254 FC TCmed00/+600 o112 (1138

IR LR 1 065Te5415 1 RESISTOR 60 8% ,2% FC TCwedd0/4600 ot Cosels
h3Rye LIS T TIL] 1 RESISTOR %40 Sx 254 FC TCmed0/4800 01121 LTI
AL3RET 06835658 1 RESISTOR 580 5% 254 FC TCWwdod/eb00 oltel (B56158
[XRLIL} D6R3=221% 1 RESIBYOR 220 5% 25N FC TCwedd/eb00 LERT 3} CBgaLs
AL3Rs9 06838205 1 RESIHTOR 82 5X ,23W FC TCmmdo/e500 0112l [ LH)

AL 3R20 06831035 t REBISTCR 10K 8% ,2%W FC TCma00/4700 (38513 C8103%

See intreduction to this section for ordering information
*Indicates factory sclected value
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Section VI

Model 4101 A

Table 6-3
Tahle 6-3. Replaceable Parts
Reference HP Part |c Q . Mfr
: A t Description Mfr Part Number
Designation Number [P Y P Code
LYRLFS] DEBT=101% 7 REBISTOR 100 %% ,25% FL TGw=dg0/+500 04121 CBios
A13628 P6AT=t 518 2 L] RESISTOR 150 %% ,25w F{ TLM=d00/4600 01121 cs1%1%
ISELER 05851525 u RESIBTOR 1,54 4y _25¢ FC TCwed0p/4700 01124 CA1E2E
[SRLFL] 06835815 i RESEBTOR 560 9% 254 FC TLuwdo0/¢800 01121 cassi15
[ERLF 1 o8ATes 015 7 RESEBTOR 100 %x ,25% F{ TCwwdgg/+S00 at12) CRINYE
h)13R2e 0tPlat0lS ! RESISTOR 100 S% ,a%¢ FL TCEadg0/4500 01121 CP{g1s
[SRLF 0eR3aj0is i REQISTOR 10K S% 25% KL TCm=4p0/e740 oitat CRLC3S
413IR2A 08RTLi 525 4 REGIBTOR 1,5% Sy ,25% FC TCmadno/+?00 o121 CB1%ay
a135829 0698.3153 ? RESISTOR 3,83k 1X ,125W 7 T{sO+wild 2u548 Clnt/BaTlnibller
h13RAD NE*tafB1S 1 RESISTDR Reo Sy 254 FL TCmedgoséspn oit1dt 4.3 1.30
k1IR3 075T=0u2U ¥ RESISTOR § 4¥ 1x 1258 F TCwQeejOo FL3-11S (sl /BuTguitOlmF
A13R32 oeRim10ts ? REQISTOR 100 8% ,254 FC TCewdpQre%00 o1t2l CBiols
A13R31 ARy nps ° RESISTOR 1K 5X 28N FU TCmwdGO/eb0d of1dy CB1c29%
By3uly V681e5818 1 RESISTOR S60 SY 254 FC TCWUd00/4b00 0i124 CBssis
L ERLAL] 181 heg2h® 3 NETWORKwRES 9e81Pja,qK OWM X & 28480 1810202569
A1 30 HLEELLIEY ] 4 TRANSIBTOR ARRAY epiag 185a=0038
By 3U2 1820wt1)2 & IC FF TTL LS UwTYPE POSRECGETRIG 01298 GNTALBTUAN
L3510 ] tR20w| 33 -] IC SHFeRGTR TT| {8 ReS SERIaL=IN PRLeQUT 0139% SNYAL B &UN
[ S R1¥1} 1A20enfR2Y L] { IC CMTR ECL BIN UR/DOWN SYMNCMRO 04713 ML1013AL
h13US §A20et22% 4 i IC FF ECL D=M/§ DUAL 04713 wCi0dsLe
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Table 6-3. Replaceable Parts

Section VI
Table" 6«3

Reference HP Part |[c . Mfr
; . ] Mfr Part Number
Designation Number |D Qty Description Code a
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Section V1
Table"6=3
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Ap7Ce P18p=29) 3 CAPACITORWFXD yyFasjpX 35V0C TA 56289 {18001 98X9pR502
(314 01801083 3 CAPACITOR-FXD 33uF -10%+475% 25WVDC AL 28480 G1B0elnBE
4708 01805083 X CAPACITOR-FXD 33uF -TO%+75% 25MVYDC AL ELELY Gl80w} B3
A1789 0180wl 0B) 3 CAPACITOR-FXD 33ufF -10%+75% 25UWVDC AL FLITT ¢l180a10B83
A710 01801083 3 CAPACITOR-FXD 33uF -T0%+75% 25WYDC AL 28480 Gl80alpay
h1781) 0180wn29) 3 CAPACITORFXD (UFem10x 35VDC TR 50289 t50D10Sx90354/2
MY12 0121=5105 4 1 CAPACITOR=Y TRMReCER 9w3S5PF 240V PCaMTG 3763 354324 9/38PF NaSp
A17E13 flbo=3210 -] ? CAPACITORSF XD 1090PF +eBx JOOW0C MILA 28480 t1a0e2218
A17g14 Plove20s 3 1 CAPACITORaF KD BROPF +=5% 300VDL MICA 28480 tib0=gs09
Ar781S Q180=1083 3 CAPACTTOR-FXD 33uF -T0%+75% 2BWyDL AL 28480 ¢i80ai0n)
h7i1e 0180=tOB3 3 CAPACITOR-FAD 33uF -10%+75% 25WVDC AL FLYT pIBOw108)
Ay1TC1? G1AGe10BY 3 CAPRCITOR-FXD 33uF -10%+75% 25WVDC AL 28480 Di80mipal
Ay7C18 0§{80a]083 3 CAPRCITOR-FXD 33uF -10%+75% 25WVDC AL 28489 DE80m1nad
A1TE1Y G180=1083 3 CAPACITOR-FXD 33uF -10%+75% 25WvDC AL FLELL VIBOm106)
A7CR0 ¢160ei083 3 CAPACITOR-FXD 33uF -10%+75% 25WVDC AL 28480 Q58pm10BY
AyT021 0150w0t 2 B CAPACITOR®FXD 1UF +Bow20y SpyDC CER 28480 0150052}
by7l2e 0ibo=1083 3 CAPACITOR-FXD 33uf -10%+75% 25WYDC AL 28480 oLa0=183

Ay 7E23 0180=1083 1 CAPACITOR-FXD 33uF -10%+75% 28WYDC AL 28480 080wy g83

Ay 7eae 0180m108)3 3 CAPACITOR-FXD 33ufF ~10%+75% 25WYNC AL ELLET 0180w3105)
hyttes 0180=1083 3 CAPACITOR-FAD 33uf -10%¥+75% 25WVDG AL 28080 0160w1083
Ay7C26 plB0=]043% 5 CAPACITCR-FAD 33ufF -103+75% Z5WVDC AL FLYLT plBomiga}
g2t 0LtBGwipal 3 CAPACITOR-FXD 33uf -10%+75% 25WVDC AL 28480 nLBawigad
Ayrt28 0180w1083 3 CAPACITOR-FXD 33ufF -10%+75% 25WYDC AL 28680 0180m1083
AT029 0180m1083 3 CAPACITOR-FXD 33uF -10%+75% 26WYDC A 28080 0180w 063
A17830 0180wb291 3 CAPACIYORFXD 1UFsmiDX 38VDC TA 56249 15001 05%903542
447031 018p=g294 3 CAPACITIRGFXD yuFemiph 3SVOL YA Se2k9 19001 05X90354¢
AyTCY2 B1B0mpd % 3 CAPACTTORF XD 1yFyeiox 35900 YA 56289 1500108x9035A2
ALTLA3 01602218 b CAPACITOR=FXD 1008PF ew5% 300Y0C Micn 26480 01602218
ALT034 0150w1083 3 CAPACTTOR-FXO 33uF -10%+75% 25WVDC 28480 0150m]p63
AL7035 N18Gu1 083 3 CAPACTTOR-FXD 33uF -10%+75% 25WVDC AL 28480 01601083
A17C38 018pw)0B3 3 CAPACITOR-FXD 33uF -10%+475% 25WVDC AL FLETT 0180wy 0B}
AL7C37 0180m1083 3 CAPACITOR-FXD 33uF ~T0%+75% 25WYDC AL 26480 a160m108%
ALTC3E [RLITSYT-} ] 3 CAPACTTOR-FXKD 33uF -10%+75% 25WVDC AL 25089 [T LITI-N
AtTCRE 1901aQ040 1 DIGDE=BAITEHING 3oy S0Ma 2nE DYw3§ 28480 19010
ALTLR2 19¢1e0040 1 DIUODE=SNITCHING 30V SOMA ZNS DD=35 28480 1991 =0040

A ICRS 1901 =040 1 DIQDEwIWITERING X0¥ S50MA 2N8 DQ=38 28460 19310040
ALTLRY 1901 w0040 1 DIODEwSWITCHING 3OV SOMA 2NS DOw3S 28080 190tea040
A1TLRS 1901 eg040 1 DIODEwBWITCHING 30V S0MA 2NS DOw3S 28080 1901wgaib
ALTLRD 19010040 1 DIODELAWIYCHING 30V SoMA 2N8 DOae3S 28480 901=yOH0
A1TERT 1902=3104 -] DIODEwZNR S,02V 5% DO=T POy dw TCue, 050X 28480 $02=3104
TEALE! 1080a01th a PiNagRY .oea-:N-o;n W20xINmLG STL 2huBY 1UBG=OLLE

41 7HR2 4040w0TU? 4 EXTRePL BD BRN POLYC ,062aBluTHXNS FLTLY unudmsu9
FYRALH] 40400755 H 1 EXTR=REC gb V10 POLYC .oba-eo-rnxns 28080 H0u0m0 755
ALTQL 845 w09 3 TRANSTEBTOR JeFET NewCHAN DeMDOE SE 28480 1655m0p9]
At7R2 18550091 3 TRANSISTOR JoFET NwlMAN DuMUOE 8§ 264840 1855009
AL703 1853epg20 % TRANSIBTDR PNP AT POw300MN FTwiSOMHZ e6uBy 18%3epp0
A1TQ0 L853=p020 ) TRANSISTOR PNR §1 PDSICOMA FTRISOMMZ 28480 1853m0p20
41748 §853ap020 4 TRANGTBTGR PNP 81 POMIQOOMM FTa)SOMNT FLTLL] 18530020
A3Tds 1851«p0206 4 TRANSIBTOR PNP 8] PORYpaMN FTeiSoMMZ 2848p t853=0020
L1737 1855ep128 4 2 TRANSESTOR N-CHAN JFET 59 26480 i655e012%
Ai738 1858=0128 4 TRANSISTOR N-CHAN JFET Sf 28480 18550125
bL1TR9 188%=0020 4 TRANSISTCR PNP 81 PON3OQMA FTmiSgMH2 [LIT- 1] §8%km0020
417310 (855#0091 3 TRANBISTYOR JwFEY Nw[HAN [eMODE 81 28480 t855=009)
a17g11 185520091 3 TRANBIATOR JuFEY NewCHAN BeMUDE 8% 28480 L8850 0Yy
ALTRY 0683a4725E 2 RESTATOR 4,7k SX ,25W FC rCmedfo/e700 pirdt CB4Y2S
ApTR2 Opd3wy?2s H RESISTOR A,7K BX 25W FL TCww400/¢700 LIBT3 (1.5 1

Ay TR3 0683a18358 9 1 RESISTOR lah 5% 25K FC TCmwig0/+800 01121 caials

AtTRA 06983226 i H RESISTOR &,49K % 125K F TLNO+n1GD 24546 Ldwl/BmThubld9leF
ALTRS 0883m1 DGS 5 RESISTOR 1M 5X L2504 FL TOwwBOG/4900 oltal 330311

AtTRE 2100-2518 [ RESISTOR=TRAMA 00K 10X ¢ BIpEwAD] {=TAN 28480 2100-2516

A\ TRY Qu83=101% ? RESISTOR jg0 9% 254 FQ TCmedoo/+590 ol1dy CE1018

AjTRE 0483m1015 7 RESISTOR 100 5% .!5* FS TCWe400/4500 0111 CE101S

h1TRG 075Tmaa42 9 RESISBTOR {oK Lx 1254 F TCmOewlow 2US4E Cdul/BuTOmlp0BnF
ATRED 475T=0260 3 RESTSYDR §1K 1X 125w F TCad+=yon 24S4e Cdmi/BuTON] 00 aF

See introduction to this section for ordering information

*Indicates factory selected value
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Section VI Moldel,4191 A
Table 6-3
Table 6-3, Replaceable Parts
Reference HP Part |c} o _ Mfr
; . t Description Mfr Part Number
Designation Number (D Y P Code
[TRALE] 0TS TmpEB0 % RESIATOR (K 1x ,i25% F TCuOwmjOl 24%us Ciui/ButOmicoleF
MTRLE pe8lmu?2s 2 RESISTOR 4,7x 8% 23w FC TCE=u00/+700 oit2l ca4t2s
h1TRLY 0683az2)s S RESISTOR 22K S% (258 FL TCRaudg0/+B00 01121 CBR23S
&17Re4 0583=143% i REBISTOR 10Kk 5% ,2%0 FC TCawd00/¢700 LAY 2 ca10ds
A1TRYS 0683%w1 038 1 RESISTOR 10K S% ,2%W FL TCE=i00/e700 41121 L1038
At TRYe soB3e10458 7 RESIBYOR 100 5% ,25% FC TCRaupo/+500 0142t CB101S
AfTRY? 0bAl=1019 7 RESISTOR 100 5% 2%« FC TCmwd00/+500 L1y La101%
[TRLIY] 0e83=101% 7 RESISYOR 100 S% ,2%% FC TCawdpo/#500 or1ds £B1015
Ay TRY® Ge83=1045 Y RESISTOR 100 5% 25w FC T1(selpg/+S500 01121 CHEO1S
aITR20 T3 TSR L) T RESISTOR 100 SX ,25W FC TCmed00/+500 [BET 3 CBLOLS
By7R2S 0pB3atHP5 L] RESTSTOR tx 5% ,@5# FC TCBwl00/+600 sii2! cBi1028%
Ay rRee D68 Tes 048 3 RESISTOR 500K Sx _25W FL TLeediu/+B0¢ ¢l121 CBypay
A1TR2E 0bBi=1 015 ki RESTSTOR 100 5% ,25% FC TCaedgdseSn0 Gildl CB10tS
A TR2Y [TCLETITIL 7 RESISYOR 100 5% ,25M FL TCRwuGO/e500 c1121 CBIOLYS
[SRATS) A8B3=1025 9 RESISTDA 1K 5% ,éSk FC TCu=dug/+boD 01181 CBi02s
417820 De9Ba3i5h 2 RESYOTOR 14,7k 1% 125w F TCRQ4migQ 245UL Cdel/BuTOuldT2nF
A TR2T 06ble10§% ? RESISTOR 100 5% ,25+# FC TCRadOu/*800 o121 CB1g1S
LYRLTL] gebl=101% 7 RESLETER jov 5% ,25¢ FC Tiswy00/e500 olldy LB1o1s
agTR29 075 w280 3 RESESTOR Xk 1% 1254 F TCaD¢=100 24548 Céml/BmTmiGOlaF
41 7R30 06631025 2 RESISTOR 1K 85X ,25% FC YUswd(Q/¢B00 Vi) CHio2S
4y 7R 0efled71R 1] REBISTOR ¢70 Sy 254 FL TCwwdpo/ebpo vi1dl CRUTYS
ALVTRRZ 0683=2225 3 REBIGTOR B,2K % 25N FC TCEw40Q/eT00 03idl cageas
A1TR1Y 068Tw2225 3 RESIQTOR 2K 5y ,2%% FC TCmad0Q/e700 01121 CB2a2s
AL TRY4 OpB w2225 3 RESISTOR 2,2K 5X 254 FLC TCEadgo/4T00 0112t (8225
Ay TRIS paBim2228 3 RESISTOR 2,2K 6% ,25W FC TCewunG/e?00 0112y CHa28%
atralie toalesn?2s 7 3 RESISTUR b,6% %% ,2%8 FC TLawd00/+4700 o118 cALRRS
AL TRYT to8lay0ls 1 RESTBYOR J0K 5% ,25% FC TCmwd(0/+700 (T3] [3:-FNi k3]
ALTRES 058%wi 035 1 REGISTOR 10% §% 29w FC TLawdOn/+4700 niiey Ca103s
AL TRIY CuBle10%6 1 RESISTDR 10X S% ,&S% FC TCeeU00/+70C a1 CB1OAS
AsTRAD phBle1035 ] RESISTOR 10K 5% 25w FL TCEwUpQ/+To0 051} C3103%
hyTRUL [TLE PR 1 RES{STOR 1Ok 5% 250 FU TCwwdgQ/e700 titel CBi0l8
hiTRUE ObRL=1925 2 ) REBISYUR 3,9% 8% ,2%w F{ TLmedQQse700 c1121 CR3I9RS
B17%43 0683e}525 q4 RESISTOR §,5K 5% _2%% FU TC&ed00/+700 61121 ce152%
A THGY 0899a3156 2 RESISTOR 14,7K 1% 1254 F TCROs=100 2454p {dmi/BeTOululReF
b17RuS Je9heltss 2 QEBISYOR 14, 7K 1X L125% F TCapealgn 2uSLE Lunl/BuT0alyf2aF
A1 TRA PeEIa) (1S T REGISTOR 100 Sy ,25% FC TU®ad00/+¢500 o112l CRigys
A17Wul Np&layth 7 RESISTOR 100 3% ,25#4 FC TCe=#400/+500 LERY )] CB101S
b17R48 069bB=0(RY K 4 RESISTOR 2,15K 1% ,125% F TCsQ4wmin0 24540 Cidml /BaTlm@lS]eF
Ay 7aa9 069Bw00BY 9 RESISTOR 2,15K 1% 12858 F TCWO4=1D0 20548 Lol /BaTOudiSleF
411RS0 06Rep0BY k] RESISTOR 2,15k 1% ,125% F TCwosaing pakde CHet /BT ISL=F
by TRS] DaYBeg084 9 REZI5TOR 2,15K 1% ,125w F TCR0#4-100 2R54n Ldmi/BuTOu2]SLaF
[SRALYS neRI+1015 ¥ RESTETOR 1u0 5% 254 FL TLaw400/+500 al12t ca1015%
41 7RSS Gobhs101% 7 SESTSTOR 109 5% 2%« FL TCRa4QC/eh00 oL1es £B101%
A TRSY Cr57en2q0 Fl RESISTOR &,19% 1% 1254 F TCH0+4elQ0 19701 MEGC L /BuT et Piuf
417355 naHle] 35 1 RESISTOR LK 5% ,2%e FC TCuwUQO/+700 o412 Ces03%
LAREET] 0757y 290 s RESTSTOR B, 19K 1R (125w F TCMGewiOE 19701 MEULE/BuTgublF]uF
ay17RG7 075 Ten3E 4 RESISYOR 10 1% ,12%4 F TCeCe=iug FELLL CUnl/BaTOa]GROwF
ATy 1GDe0 B85S & o TRANBFORMER L PUL BE 28480 YLloomgBns
a17Te 1 0u=yBSES L] TRANSFORMER®PULSE 28480 G100=0R5%
L1773 9100=nBES & THANSFORMER=PULEE PBuBO G100m085%
LYRAU] 1Rebenly 1 1¢ COMPARATOR WG | 4eDIPaR 2014 L¥BbIN
A7 1H2heyll e ? 1€ QP aWP TOw89 erotle LF3SEH
&y 703 1226=90H1 it 1L 0P AP wh TOm=9% 27014 LM318H
ALTud 1826w0316 T 1C gfF Aup  T0=09 27014 LF3SeN
417U5 1A2e=0 AT 0 1C AP AMB WH TOw9% 27014 (S SLLJ
atrde lagpwoi7h 2 2 1C COMPARATOR GF QUAD fdsDIP=P Z8UBD 1ade=0174
AyTur 18201730 [ 1 IC FF TTL LY DwTYPE POSLEDUETRIG COM 24295 SNTULBRTIN
AtTul 1Adum1 433 L] IC SHFwRETR TTL L3 R=5 SERITALwin PRL=DUT G129% ShTALSledN
A1TU9 1AZn=1189 i IC INY TTL LS HEX Is]InP 01295 SN74L80UN
ASTUL0 LRZB=(1 74 2 It COMPARATOR GP GUAD ldeD]PeP FLTLL 1B26m0 74
[ E RN [T LTS | i IC OF AMP wE TOw99 21014 LMILER
a1701¢ tA2ben2 1N 7 IC COMPARATOR HE 1dwD[PwP 2To14 LMIRIN
Ry7J13 TAZL el dud 7 1 IC MUKR/DATAwSEL TTL LB ta¥letwl INE DUAL n129% SNTuULBES3IN
174 tRZsun2e? 1 ! IC OB AMP GP QUAD 14=D]FepF 07263 Uaul3epPL
ayrats VAR wi OB W IC OF AMP wE TNw30 27014 LM3thn
ME 4L =bbS18 | 7 1 tanmHz CLoCx GENERATOR & DOUBLER BD Agsy 2848g pULFlenbSie
YL Hienw@iss k] CaPACITURRExD 01uF +80=20% j00yDL CER 26480 oleb=2055
18R Ulhuwlisb A 2 CAPACITOR®FXD 1OUPF +=l9X LKVDL CER 288y vipDeduss
A1ATY o1dte(430 b CAPACLITDRY TRMRLCER 1 .5-8. 8PF 350V X
MALa H1oue2n8% a CAPACTTCRFXD ,01UF +8uwZ0% 100VDL CER 28489 Hie0=205%
bpals 0lbi=20%% 9 CAPACITORWFXD [ 0tUF +80x20% 100VDL CER 2euB0 BRETEFS L]
LY 1) G1ened0hh b CAPRLITORRFXD _p)1UF +Buwznx 160VDC CER 2848g 0lege2(hh
LLHCY Ninoe2055 9 CAPATITOR®FXD ,ni1UF +BOw20% 100vRL CER 28480 0160=20%5
ALMCR Ciste??261 B 1 CAPACITHR-FXD 18PF +-5% 500VEC CER 28u80
IS M diep 199 3 CAPACITURFXD PUQPF +=5% 300VDE MICa Tl OMISK241J0R00NVICR
angyo AT K CAPALITORF XD  oluF +how2X juovDC CER 28480 oleo=265%
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Model 41914

Tahle 6-3. Replaceable Parts

Section VI
Table- 6-3

Reference HP Part |c Q - Mfr
. . t Description Mfr Part Number

Designation Number |D Y p Code

(311481 01b0eldbe 8 CAPACITGReFXY 10027 +elx 4KYDC CER pludo 0Lo0w3Ydbe
AtRC12 V16p=2055 2 CAPACITOR®FXE ,0lyF +80=20X luoy0o( CER 28480 0kbgm2058
A1BL13 0160=20%5 9 CAPACITORaFXD GIUF +80.20X L00QYDC LER 28480 0LoOm3A0SS
418214 Uis0e2055 e CAPACIYOR=FXD ,01uF +B0=20% 100VDC LER 28480 0ts0=R05%
B1BC15 0164=2237 9 2 CAPACITORPXD 1,2PF +»,25PF S00Y0OC LER FLTT-T 016022237
A1BL1® 016082055 g CAPACITORSFAD ,otUF +Bum20X 100¥DL CER 2880 t160~205%
L18817 N1bo=205s 9 CAPACITOR=FXD ,04UF +B80w2DX 100VOL CER 28480 Cle0=205%
Aaty@ 0160=3456 & CAPACITORWFPAD 10COPF +=y0% 1XvDL CER 28U 2160=34%
A1BL1Y 0160-2241 & CAPACIYOR®KFXD 2 ,2PF +- 25PF FLLLIY

L18G20 0lep=a%i? 4 2 CARACITORFXD 4fPF +=5% 200VDC CER pasdd 208489 J160=4387
LRR-14 3] TSI TR L] 3 2 CAPACITURWFAD 33PF 4a8% 200VDC CER pewdp S1643 200=200wNPOw3B0)
1852 0160G-2241 ] CAPACIFOR=FAD 2, 2PF +-.25PF 28489

a18L23 C16gmq3BY 4 CAPACITORFXD LYPF eaSX 200VDC CER deelp 28480 Qlebedyay
ArBL24 t1b0=4386 3 CAPALITORFXD ISPF +=BX 200YD( CER 0+=30 5142 200=20pwNFCa3I0]
ArBl2s 0160-2241 & CAPACITURFXD 2.2PF +-.25PF 28480

Ar8Las flote?2}? 9 CAPACITURSFXD | 2PF +u, 25PF SyoYy0DC CER ELLLY] G160=2237
Ataga? Brene3use [ CAPACITORaFKD to00PF +wigX tKYDL CER 28480 0160=3458
a1acze 0102055 9 CAPACITORwF XD ,0%UF +B80e2u% 100VDC CER 284l CleQw2o5s
a1 BL2d U160e5a%6 b CAPRCITURSFXD J00GPF ewy0X (KVDC CER 28480 G160=3456
418L30 0lagm2p5s 9 CAPACITORWFXD ,ofUF +80020%X 100VDC CER 28480 Gle0=205%
a1803% 01e0m2089 9 CApACITOR=FXD ,01UF +B0w20oX 100VDC CER 28480 bi40a2055
418032 0loGw2(%5% 9 CAPACITORSFKD _ oiUF 480w20% 100YDC CER 28uB0 61602059
Apal3s 0to0Om2055 L4 CAPACITORFXD ,01yf +B0m20% 1p0VORC CER 28480 Cla0=2055
Aracid [REIER TS 1) & CAPACTTOR=FXD 1906PR 4e10% IKYDL CER 2a4da0 Gled=34sSe
A1ALTS 018Ce1i38Y 3 CAPACITOR-FXD 33uF -10Z+75% 25WVDC AL 28480 G180=1083
R18C36 0121-0437 CAPACITOR-TRIM 2.1-13_3PF

L1421 19610040 1 DIODE=SWITEMING 30V S0Ms 248 pOw3S adudo t90imGU0
LAL-IN ] 1 ép=0158 b COTL@MLD TUH §0X GE3Z ,095DX,2% GeNOM 20480 9inpmpt S8
41802 F4pen158 ] COIL=MLD jUM 19X G832 050X 2SLGeNOM 2Budn Fluowayse
A18L3 EAUTEY-F-IL b ColimmiD 150NM 0oy GR34 ,095D%, 25 6mN0M 2848¢ 100=22u9
A18Ls 914cmn158 L} COTLwMLD 1UKH Sox O%32 ,0980x,25LG=NOM 20480 G140m0458
418Le LACTTY LY ] b COIL=MLD 3uUM joX Qw32 ,0950X 25LG=N0OM 20u8g Qluo=§58
sy8L7 Fipo=p24? [l COILMLD foQNM o% UmId  y950X, 25LG=NOY 28480 Sip00"2247
a1aL8 91 00=2247 4 COTL«MLD 100MH 0% Ga3d ,095Dx,.25LGeN0M 28480 F100=@2a?
A1BLY 9100-2251 -} 3 IHDUCTOR-FXD 2200KE +-70% RF CHOKE-MGLDED 28480

AyBLLLO 9100-2251 ] TNDUCTOR-FXD 220MH +-10% RF CHOKE-MOLDED 284480

AyRLLY 9190-22351 ] IMDUCTOR-FXD 220MH +-10% RF CHOKE-MOLDED 28u80

R1RLL2 #10pe2247 4 COTLaMLO 10QNH 1% UN3Y 050X, Z5LG=NOM 28480 9ta0m2 247
AyBLLE i opw2a? 4 COTLmMLD 100NH 10X Q%34 L095Dx,25L6=NOM 28a80 i0Nw2247
A18LL0 lupmpiGa & COILwMLE 1UR L0X @mle ,095DK,25L5=N0M 28480 Sid0m0ise
418415 Y4om0158 1 COTLeMLE 1UM 10% QRJ2 ,0950%, 25L0-NOM 28489 Aluomp]58
ALBL1b F14pe01588 ] COIL»MLD lun LO% QW2 L095DK,25LC=NOM 28480 9140~015%8
AlgLly 9160=tTRE [ CHOXE=WIDE BAND ZIMAXwappl OHME 1g0 MMZ 02114 VE200 20743
118vR} 219uepl2d 4 WASHER®LK INTL T NO, t8 ,19SeINs]D 24uB0 2190n0{ 24
LIE-LL¢ 2360=0115 4 SCREWRMACH 4ul2 ,3lP2mlNall PaNwHOWPOZI 08G90 ORDER BY DEBCNIPTION
L1BYPY 950wp 78 9 NUTwHEXuDBLeCHAM {Ce)2eTr] ,0b6Tm]NaTHK 28480 2950=0078
L1BYFu S0¢1=0173 ? 28480 SCpLwpi7s
h1BMRY OUIF ab0003 | 3 1 COVER 28480 D419Lwto003
A18°4 1250=) 220 ] CONNECTOR=RF 3L & PC SpeOHM 28480 12%50=1220
L1BP2 1250=t220 0 CONNECTGR=RF SMC ™M PT SgeQnM 28480 1250%1220
11831 1854« 505 5 TRANSISTOR NRAN 2NSETT S TOwT2 ROR200MW 04713 2ns179
[RR-2F [8Suanyyly & TRANSISTOR NPN INS|Y9 8] T0e72 PDazi0MW Sat1y FELIRL
41833 8% 6en345 -] TRANSISTOR NPN PNSLT® §] TO=72 POE2pOMW o471y eNBiTY
bipau AL Ias £ TRANSISTOR NPN 2N5L79 8] TU«72 PORZQOMW QU7 ENGLT
1183% PRGUmuTY ki TRANSISTOR NPN S} FOw30OMA FTa20UMKHZ 28u8yp 1854m8071
21806 [LLETT N ? TRANSISTOR NPN 3] PDRIOBMN §FTE2GOMHI 28480 1865qmpp7Ty
41874 06R1e2715 & ? AESISTOR 270 SY 254 PO TLE=AQD/4BON 01121 cBaris

Ly AR 0683w ] BnS 3 { RESTSTOR |8 5% _25M FL TLaedi0/+500 01121 CRiBOS
LRLE] CELETERRL] & HESISYQH 270 5% ,25# FC TCReugOs4800 1121 ceas
AyRRn 0b8%=1015 7 RESYSTOR 100 %% .25% FC Timedgu/+Sgo 21tel CBy1019
4835 LELE TSR] T REBISTNR 100 5% ,254 FC TCselo0/+500 ¢lia1 C8i01%
182 06BIeR015 1 RESISTOR Ben SX ,2%«¢ FU riwedoQ/+000 61181 CBSets
bipRy Ouhlelldg fa RESISTOR 3,3k g% ,25% FC TCawaQp/seyod o112 [4-FEEL
AYARR opAle1525 x RESISTOR 1,54 §% ,25w FC YCesaO0se700 01121 L8152%
AjRRY G15Ten447 B RESISYOR 582 1% 1254 F TQmo+eldn ELELT] Cliwl/BaTOmS0gdaF
ERE-EA N1 tHBle5625 1 RESISTOR-FXD 5.6% +-5% .25W 250vDC CARBON aitel

45BR1 (eRintbyh 1 RES]BTOR %80 SX 254 FC TCawupgseénn 011d1 85415
dyARye CoB3e3 2% ) RESTSTOR 3,.3K 8% 29w FC TCaei00s/+709 nylel CB332Y
42313 0757-0417 1 RESISTOR-FAD 562 <+-1% 125K ohi12y

AtARTA 06A3=3315 u HESISTOR 330 5% 2%« FC TimedoD/seb00 ni12% GBS
ApRr91Y GhAle)Sas 4 t RESISYDR 35 5% ,25% FC Tlsmiulose300 1121 {Bi50%
A1BR1E isBleddin 4 RESIHTOR 330 5X 25K FC TORUO0/eb00 nyiel CA3INLE
ayB7 i6h3=4225 | RESISTOR j 2K SX ,@8« FU TCE=a0o/e700 altét hi22%
dtAn1B PeRlenb0h 3 HESISTOR KB SX ,2%a FC TCewdfg/e500 01181 LasBLS

L3 -La R PLLETS L 1) 2 REGISTOR 3,9k Sx _25A4 FL TCawiCyseTno niiel CH392%

A1 8rey hAle) 2% 1 RESISTOR $.,2K BY 254 FC TL3=400/4700 61121 cat22s

See introduction to this section for ordering information
*Indicates factory selected value
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Section VI Model 41914
Table 6-3
Tahle 6-1. Replaceable Parts
Reference HP Part |c i Mfr
: . Qt Description Mfr Part Number
Designation Number |D Y P Code
A1Bagy 068328505 9 REBISTOR 56 5% 25+ FU TCw=d0p/e500 31121 CBYHOS
A1aR22 0aB83el52E & REBISTOR 4,85K &% ,2%% FC TCa=g00/+700 o112} CBISdS
A1RR23 06B3ej015 7 HEBTATOR 100 5% ,25% FC YLwed00/+500 01121 181048
A1BRZ4 06BTuEHDS 9 RESTSTOR 56 5X 28K FC TCwmid00/e500 01181 Less0s
A1ER2S 0aB81ea805 3 RESTATOR 68 54 ,2%4 FC TCw=d00/+500 o112 £Baals
[STLFT 0681a3925 2 RESISTOR 3,9k 5y _2%W FC TCam&00/4700 o121 CB392%
LyBRET 068%e33525 6 RESISYTOA 3,34 5% 256 FC TCawd00/4700 o121 ¢B3328
L1BRZR 0653mi 035 i RESISTOR 10K Sx .29% FC T{maup0/4700 61121 LBIO3S
a18R2% 0eBless3t i RESTSTOR-FXD BEK +-5% (254 250vDC FILM o112 CBi038
A1BUd t42oetaY B 1 1€ WCVR ECL LINE REVR QUAD 2elap o471l MEIOLE18P
4187y 0410-0773 7 1 CRYSTAL-QUARTZ 10GHMHZ 28480 0410-0773
8159=n00% o 1 WIRE 228wG w PyC gx22 80C 28489 815920005
Ty NUT AS83YGNED
az0 D4191-66620 1 MICROPROCESSOR DIGITAL COMTROL BD ASS'Y 25480 04191-66520
iy 06191266527 | | 1 VICHOPRUCEABOR DIGITAL CONTROL BD ASSY 2848y 041971-66521
2206 LIV T T 9 CAPACITORFXD ,01UF +B0=20% 1QoVDC CEK 26uBg 01602055
L20g2 0iB0=2UsS 9 CAPACITOR=FXO ,01UF +B0=20% 100VDL CER 284890 0le0e2085
27003 Gie0=2055 9 CAPACITORFXAD ,0iUF +80=29% {QoVOC CER 28480 0lebe2055
AZ0CY Q1 64=2055% L] CAPACITORWFXD ,01LF +80=24% 100VDC CER 28u8g 9160=2055
A20C% L 8Gm2055 ¢ CAPACITORGFXD ,L01UF +B0a20X 100VDC CER 28480 01602055
AzDCe 0160e2055 g CAPACITURWFXD ,0iUF +80s20% 100VDC CER 28uBy u160m=2095
azng? ¢ BG=g05S 9 CAPACITOR®FXD ,01UF +BuUa20X% 100VDC CER 28uBy vis0=2035
aznte 01602058 9 CAPACITOReFXD ,a1UF +B0w=g0% 100VDC CER 28480 a160m20%5%
az7nee Ntatm2nss ¥ CAPACITORZFXO ,01UF +B0=20X 100YOL CER 28480 0160=2055
A70C1G 01602055 ¢ CAPACITORFXD ,01UF +B0a20% 100VDC CER 28484 0160=2055
A2nEed 0fbamanss 3 CAPACITORWFXD ,piUF +B0=20% 100VD( CER 28480 ola0egnsy
A2GE1Y 0t80=1083 3 CAPACITOR-FXD 33uF -107+75% 25WVDC AL 28480 01801083
AZDC1Y 018Cw108)Y 3 CAPACITOR-FXD 33uF -10%+75% 25WVDC AL 28480 0180w} 083
n20t1% Ilbap0sh 3 CAPACITORWFXD ,0i{UF +80w20% 100yDC CER 28480 0160w205%
AZGCYS 01oymF0SS 3 CAPACITORFXD ,0iuF #+80e2G% 100v0C CER 26480 01602055
AZDGYB 0L4gmt9e 3 CAPACTITORwF XD 240PF +«5% 300yDC MICA 72138 DMy SFRuidolaQuyiCH
AZREYS Dlagm0iog b CAPACITOR=FXD 240PF sesX I00OVDE MICA 1213 SMIEF2ULJ0I00MVICR
azGLR1 01602055 ¥ CAPACITOR=FRD ,01UF +80a20X% 10GVOC CER 28480 0160=205%
Az0C22 0160e2055 2 CAPACITOR=FXD ,01UF +80a20% 100VOC CER 28480 016020558
AzDER3 0160=2055 9 CAPACITORSFXD ,01UF +80e20X 100V0C CER 28480 0160=245%
AZ0L24 0lbo=205% 9 CAPACITORF X0 ,0t1UF #B80eg0%x 100YDC CER 28480 0160w2p5S
AZOLRS 0160=208E 9 CAPACITORFXD ,01UF #+80e20% 100VDC CER 28480 0160=2058
AZOG2S 018G=2055 9 CAPACITORWFXD ,01UF +B0w20% 100YOC CER 23480 0160w2058
AzOCRY 0160e2058 9 CAPACITORSFXD ,GIyF +80m20% 100YOC CER 28480 0160=R058
AZOCRB Dibo=2055 L3 CAPACITORFAD ,01UF «B0aZoX 100VDL CER 8480 01602055
Az0Cee N160e2058 3 CAPACITORRFKD ,a1UF +B0w20X 100VDC CER 28u89 0160=2055
220030 0t 00w 2085 2 CAPACITOA=FXD ,01yF +BO=20X% 100YDC CER 26480 4140w20%55
A200¥1 01a¢n2055 3 CAPACITORWFXD ,01UF +B0wedoX 100VDL CER 26480 0160m2055
Y13 T 0i60a2055 3 CAPACITOR=FAD ,01UF +B0=20% 100VOC CER 28480 8160w2055
220833 0140e2055 9 CAPACITORFXD ,01UF +80e20X 100VDC CER 28480 0160=2058
A20L34 014gwg200 o CAPACITORSFXD 390PF +u%x 300VDD MICA 12138 OMiSF301J0300#V10R
A20038 0§BQ=1083 3 CAPACITOR-FXD 33¢F -10¥+75% 25WVDC AL 28480 01803083
szolie 01851083 3 CAPACITOR-FXD 33uF -10E+75% 25W\YDC AL FTTT Gi80e1083
A200%7 G160w2055 9 CAPACITOAFXD ,01UF +B0wi0X 100YDC CER 28usg 0160w2055
A20C38 01402055 9 CAPACITOR«FXD ,01UF +B0=20% {00VDC CER 28450 01402055
A20039 t160a20Ss 4 CapACITOReFXD ,01yF +B0e20% $00yDC CER 20480 0180w2055
A206u0 Cpatm205S 9 CAPACITORWFXD ,01UF +B0=20% 10GVYDC CER 28480 0160=205%
420041 016om20%5 1] CAPACITOReFXD ,0iUF +80e20% 100VDE CER 28480 016022055
AZ0BaR 01602055 % CAPACITORFXC ,01UF +80w20X% 100VDL CER 28480 016002095
420843 Q18gmp228 6 1 CAPACITORFXD 22UFen10X |SVOC T4 56289 15002262901 982
AZ0EEY 0ie0m0t27 H CAPACITORWFKD LUF +=20% 25V0C CER za4s0 015000127
A2084% 0L60e2ine 5 2 CAPACITORFXO 33PF sa%X JOOVOC MILA 28480 0160%2150
AZ0CHE 0t40mQt9R ¢ ? CAPACITORLFXD HAPF +uSX 30OVWOL MICA 12138 DMISERBOJOIOOMVICR
820647 01602055 % CAPACITORWFXD ,01UF +BOw20% 100VOC CER 28480 0160220%8
A20Cq8 Gia0n20%5 g CAPACITOR=FKD ,0iUF #+80w20% 100VDC CER 28480 416092055
AZ0E49 0160a205% ¥ CAPALITORSFXD ,0{UF +80e20% 100YDC CER 28480 0180=2058
A20L%0 P160e205%5 9 CAPACITORSFXD _G1UF +80=20% 100VOL CER 28480 01602055
A20E51 0160m2055 9 CAPACITOR=FXD ,01UF +80w20% J0GVOC CER FLTLY] 0160%20%5
A20C0%2 0160m20%5 9 CAPACITOR=FXD ,p{UF #+B0e20% 100VDC CER 24udo 0160w205%
A20L53 0160=0127 2 CAPACITOR®FXD {UF #=20% 25VOC CER 28480 olagedy2?
A20L%4 0tpo=2150 5 CAPACITORWFXO 33PF 4wS) 300VDE MICA tsidad 01p0m2i S0
A20CSS DL40m0L9R % CAPACITORWFKD 88F +uSX 300VDC MICA 12136 DM{SE6B0J0300NYIER
A20LS58 05602055 3 CAPACITOR®FND (O1UF +80420% 100VDC CER LT 014022085
A20C87 0180»2201 7 CAPACITOR«FXD B1PF 4wSX 300VDC MICA 28480 Qledwdac)
A20C88 Di21=004b H 1 CAPACITORY TRMACER 9e35PF 200V PLaMTQ 52763 304322 9/38RF NoKO
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Tahle 6-3. Replaceable Parts

Section VI
Table 6+3

Reference HP Part |c Q _ Mfr
: . t Description Mfr Part Number
Designation { Number D Y P Code
AZOCS9 0160w2058 1] CAPACITORFXD ,01UF +80=20% 100VDL CER 26480 0160w205%
Az0te0 0169»2055 9 LAPACITORSFXD O1UF #80wR0% 100VDC CER 28480 01B0=205Y
A20Cnt 0160w2055 9 CAPACITORFXD ,01UF «BGw20X 100VDC CER 8480 0160m2055
LY R1Y ] 0160w205% 9 CAPACITOR®FXD ,01UF +B0w20% 100VOC CER FLITTY 0160=2058
hz0ted 01602085 ] CAPACITOR®FXD ,01UF +80«20% 100V0L CER 28480 0160=2055%
A20064 0t4oenide 3 1 CAPALITORFXD |80RF a8y 300VDC MICA Td1da AMY8¥ {51 J03000VIER
A20 2% 04{A0m10BY 3 CAPACITORWFXD 33uf -10%+75% 25WvOC AL 28480 FHALLTTLY ]
AzoCwb 0l60e205% 9 CAPACITORSFXD ,01UF +B80w20% 100VOL CER 28480 016022055
Az0te? 0160w2055 9 CAPACITORWFXD ,01UF +BUe@0X 100VDL CER 26480 0lno=205%
A20{a8 0le0w20ss ] CAPACTTORWFXD ,01UF +B80w20% 100VDC CER 28480 0ledmdyss
A20CeY C100et 0B H CAPACITOR-FXD 220uF 20% 16WVDC ALM 28480 ol80w106)
AzZaCto C180m1068 1 CABACITGR-FXD 220uF 20% 16WYDC ALM 284b0 G180w1064
AZ0CTH O01BomyOdh 4 CAPACITORFXD 190UF47S=10X 28VDC AL 56289 JOBIUTRONOPR
azoere B180w0094 4 CAPACITORFXD 1o0uFe7S=40% 25v0L AL 6289 3004076025002
AZOGRY 1901=0040 1 ODIODESAITCHING 30v S0MA 2NG DOw}S 28480 19010040
AzOgme 1901 #0040 1 DICOE=SWITCHING 30V SOMA NS DOw3S5 26u8p 1901m0040
A20LRY 19010040 1 DIDDE=SWITCHING S0V 50MA 2N3 DDe}S #8480 1701w004p
AZ0LRY 1901m0040 1 DINPEwSwITCHING 30V SOMA N3 DOwIS 28460 190t =044
AZOERS 1901=0040 i DIUDE=SWITCHING X0V 50MA N3 DC=35 28asg 1901=0040
AZ0 D81 199 0w0uhs [ 43 LEDVIBIBLE LUMaINTEIMED JFu20MAnMAX 208480 HLCELYTY T
AzZ0d 1260-0830 1 1" S0CKETwll 24wCGONT DIP [IPeSLDR 28480 1200-0830
AzaJ2 1200-0830 1 SOCKET=IL 24=CONT DIP DIPwSLDR 28480 i2060-0830
A2033 1200-0830 1 SOCKET»IC 20aCONT DIP DIPRSLDR 28480 1200-0830
A20.04 1200-0830 1 SOLKET=1C 20mOnY DIP OJPaBLDA 2BUBG 12000830
AZ0 IS 1200-0830 1 SOCKETe]L 2u«lDNT DIP OIPeSLDR 28480 1206-0830
AZ0Js 1200-0830 1 SOCKETWIC 24eCONT DIP 0IPeSLDR 28480 1200-083C
LELR S 1208-0830 1 SUCKET=IL 2u=CONT DIP DIPeSLOR 28480 1200-0830
A20J8 1200-0830 1 SUCKETeIC 2u4=CONT DIP DIFwSLDR 28480 1200-0830
A20 39 1200-0330 1 SOCKET=]C 24=CRNT DIP PIPeSLDR 2048¢ 1200-0830
LELEET 1200-0830 1 SOCKETSIC 24=CONT DIP DIPW8LOR 28480 1200-0830
AZOJN 1200-0830 1 SOCKETwIl 2uwfONT DIP DIPWSLDR 28480 1200-0830
A2aT12 1251=5848 1 1 CONNECTOR SwPIN M POMY TYPE 28480 12E1mIALS
0 1
AZOJYY 1200-0654 1 1 SOCKEY INTEGRATED CIRCUIT 40CONTACTS 28489 1200-0654
rz0Ive 1E0GwoelR ] 1 SUCKET=IC 20+CONT DIPwSLOR 28489 1200°0039
AZDJ 20 12510541 8 t CONNECTOR 34=PIN M RECTANGULAR 28480 1251=0541
Azl 13% =341 ] t CONNECTOR SOwPIN M AECTANGULAR 28480 12513141
A20J22 1200-0607 h] i SOCKET-1C 16-CONT GIP-SOLDER 28480 1200-0607
AZ0J23 1251-4958 CONNKECTOR 2-PIN M POST TYPE 28480 1251-4959
A20WY FLugmodol 2 t COIL buuH 2B84dp Plugengot
202 91001829 4 COILMLD UTUH SX OwS% L153DX, 3TSLGuNOM 28480 9100w1629
A20RR 1Rigmp2b9 3 NETWORK#RES Fw8IP1G0K OnM X 8 28480 18j0mpa89
K2DRY 1810=0269 3 NETWORK®RES S=S1P10,0K OMM X & 28480 1810e02069
A2ORY W643au735 ] 2 RESINTOR 47K 5% ,p5W FG TCEadpO0s+800 011l CB4T3S
A20RS 0683eu4735 [ RESISTOR 47K St 254 FC TCM=a00/4800 01121 CBUTIS
A2ORY 1B10m0R6Y 5 NETWORK=RES Se8IP10,0K OHM X 8 26480 16100265
A20RS8 1810ep26d 3 NETWDRKwRES FnBIPI0, 0N (WM X 8 28489 18100289
AZOR9 06831015 b RESISTOR 100 5% ,2%4 FC TC@ed00/45%00 oft21 CBI01S
AZDR1D UBE3=E618 1 RESISYOR S80 8% 5% FC TCm=d00/e600 0ttel chESeLs
AZORYY 164838215 3 RESTAYOR B2y 5% 2% FC TLwed0s/en00 01121 C8a2y5
AZOR1E V6B3minUs 3 RESISTOR 100K %X ,25W FC TCewd0O/+800 i1l CE1045
AZORY3 1R p=p26% 3 NETHORK®RES FoBIP10OK OnM X B 28480 1B10w026%
AZORYG 1R1gw02el 3 NETWORK@RES Fu8IPLG, 0K QHM X & 26480 1810e0206%
A20RYS 064321005 5 RESISTOR L0 5% ,25W FC TUmedGose500 piidl CB1ogs
A20R18 0pB3ap208 9 2 RESISYQOR 22 5% ,29n FC *Cmwitio/+500 FERY-3} CB2205
A2BRy7 obbIm{p25 g RESISTOR {K 5% 25N FC TCmmdpo/4800 9r1d CB1o2s
B20R1E Oupladyds 2 RESISTOR A7k 5% 250 FC tCw=d00/4700 sit2) ca4ras
A20R1Y D6A3mI03E H RESTATOR {0K 5X 250 FC TCwsdg0/eT00 aitdl (43431 )
AZOR20 181 ¢mNE2bY 5 NETWORKSRES 9e8110,0K OHM X 8 28400 1B1Deg289
AZDR2) DeR3aio1s ? REBISTOR 100 %x ,250 FC TCmedpo/e500 HERTI C6i01%
AZOR2E [ELECIT L T RESISTGR 100 5% 25 FC TCw=400/4500 015t [4- 3131
A2nR2S 6f3einyy 4 RESISTOR 10 SX ,25W FC TLEwdQD/¢500 o112l LA100s
A20R24 N683=220% 9 RERTATOR 22 5X 24K FL YCeedQ0/+¢300 (2] ] CBa20%
AZ20R2% 08683min2} L4 REBIATOR 1K 5% 250 FC TLmed00/eb00 oiidl CBLO2S
AZOR26 068lmyT 28 2 REAISYOR 8,7k 5K @34 FC TCwelD0/eT00 (3R T3} cauT2Y
AZ0RE7 08H%ei03s H REBISTOR 10K 5% 250 FL TCRes00/+700 5112l CoiodY
A20Rp8 06531015 )] REJISTOR 390 Sy ,25H FC TCRaG00/4800 01i1dl CBisis
AZORRY 1810=026% 3 NETWORK®RES wBTR10,0K ONM X 8 2B4BE 18100269
AZORYD LR F P 3 NETWDRK=RES 9=8{P1O,0K ONM X 8 28480 1810=0269
A20RSY UaBlatapl 9 RESISTOR 86 5% ,24W FC TLmed00s+500 uligl CBSs0%
AZOR3E 0683e1635 1 RESISTOR 10K 5% ,25W FC TCmed00/+700 priet [1: 312 13
AZOR3Y VaB3e5h05 9 RESTSTOR 56 5% ,4%W FC Tomwd0o/4500 ul1dl [1:3 111
AZOR3Y 181pw0269 3 NETWORKeRES 9wSIP{0,GK QMM X 8 2B4BD 1810%0289
AZOR3S 06B3e1015 7 RESISTOR 00 5% 250 FL TCEmd00/4500 o1t C8101%
A20R36 [ELED-TIEY 1 RESISTOR 560 5% ,25n FC YCuedon/+000 oLies ca561%
A20RE7 08f3el03s 1 REBIATOR 10% SX 258 FC TCRed400/eT00 [F%T1} CB103%

See introduction to this section for ordering information
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. . t Description Mfr Part Number

Designation Number D Y P Code
R2NRIG 06R3a132% ] REBISYOR 3, 3K 8y ,2%% FL TCE=a00/¢700 Git2y CH332%
A208y I10jey273 9 1 SHITCHaSL UPDT Sudu¥iIN 24 12oval PL 28uadp Jlhiw1273
Az0g2 11011888 El 3 SHITCR=5 B=ld OIP=SLIDE=438Y ,14 SOVDC 28480 J101=1854
£2083 110y=1854 5 AWITCHaBL He)d DIP=SLIDERARSY 14 SOVDL FEL-LE-Tt] LR SN 11
AP Y 310115858 % SWITCHaSL BelA DIP=SLIDEwASSY 14 %29VDC gBuydp 5101=1858
A20UY GUi91e8500]1 [ 3 1 1¢ FROM=PROGRAMMED 2848y HusYteabhocy
AZ20UR G191 =88002 | & 1 IC PRDMaPROGRAVMED 28udo paL9ImBSO02
Az0yl 04191=85003 ;' & 1 IC FROM=PROGRAMMED F{-I'1-14 LERRAET:1-113)
AZOUY CUIR 185004 [ & 1 IC PRAOMwPROGRAMMED 25489 0459 wBS 004
AZGys 417t wB5008 | 7 1 I1{ PROMmBRROGRAMMED ga4BD GERRART )11 1]
AZ0UG cH191 85008 | B i IC FROM=PROGRAMMED 26usg FEREREY-1 106
AZOUTY cU19ti=a85007 | @ 1 IC FROMaPROGRAMMED 28480 UERATTE 11
AZOUS 0419y =B%008 | 0 i IC PROM=PROGRAMMED R LT QUL =85008
A20US 0419185000 | 1 1 IC PROMePROGRAMMED 284890 44191m85009
AZOYR 18201199 1 1€ INV FTL L§ HEX 1wINP 01295 BNTHLEOYN
A20U13 1820m0bb] [ { IC GATE TTL OR GQUAD 2<INP 0129% §nNTaIaN
A20U1S 1818-1350 1 ] IC M589815-30 HLEY14

A20U1e 1818-1350 1 IC M589815-30 2B480

AZ0UYT 1820e1216 3 b 1C DLOR YTL L8 YaTOaBaLINE JuINP 91298 BN74L31 38N
A20UYR 162¢e12186 3 IC OCDR TTi LY 3«TOwB={ INE 3=INF n1aes INTYULEYBBN
AZOu2O 1820w1 208 [] 1 10 GATE TTL LS AND QUAD 2aINP 0129% BNTU4LBOBN
AZOY2L 1820mi112 ] I FF TTL LS DatTYPE POSEUGESTRIG ay2vt BN74L 874N
Az0yaR 1820=1218 3 IC OCOR TTL LS 3wT0=8ulINE 3aINR 01298 GNTEL 31BN
REZ0Y24 1818-1350 1 I0 M5RE%815-30 28480

A2Dy2% TB18-71336G 1 IC MhE9215-30 28480
AZ0U2e 1820=2075 4 2 1C MISC TTL LS 0129% SNTALBRUSN
A2auR? 1820=1197 g IC GATE TTL L3 NAND QUAD 2eINP a129% ENTGLBoON
A20upd 1820«1208 3 i IC GATE TYL L5 ok BUAD 2aInNP 01298 SNTOLEI2N
Az uee 18201144 L] 1 IC GATE TTL L3 NOR QUAD zmlINP g129% BNT4LBG2N
AZ0use 1820w1217 4 t IC MUXR/DATA=SEL TTL LB BeTleiwsLINE 01295 SNTALBLSIN
LEDIT 3] 1B2y=2255 H 1 IC CNTR CMOY DECD b=]NP 2844¢ 18202255
AzoUx2 1820w3112 8 IC FF TTL LS DaTYPE POSmEDGE=TRIG J1298 BNTULEBTUAN
870Ul 3l 1820=142% b i IC SCHMITT=TRIG TTL L& NAND QUAD 2=INP 2129% FnTdLEL3eN
A20N%4 1820=3112 8 IC FF TTL LS DeTYPE PUSAERGE=TRIG 91298 BNTULSTGAN
A20U3S 1Rgoe1262 7 2 IC GATE TTL L8 NAND TPL 3=INP 0129% INTALSEON
420038 1a20=ligd 2 L 16 BFR TTL LS NON=INV OCTL, 21014 oM1L 858N
A20U37 1B2Gef 794 2 IC BFR TTL L3 NONeINV OCTL 27014 OME1L 995N
A20UIE 1820e1975 i 1 IC GRFaRGTR TTL L§ NEGEDGE=TRIG PRL=IN 61295 SNTALELESN
AZ20OUNS 15202340 b 1 TC-MPU SUPPORT CHIP F=2MHY 28480 1830wd3ug
A20UGG 18201794 2 1t BFR TTL LS NONeINV O£TL 27044 UHE1LEISN
A20Qdt 1820=1198 ] 2 IC FF 17L LS DwrypE POa=EOGRE-tRIG GgM 01298 ENTOL3E AN
AZ0V42 1820y 148 -] IC FF TTL LS DaTYPE PUB=FDGE=TRIG {OM 0129% SNTQLA 74N
AZ0Ua3d 1820wt YU e IC BER TTL LS NONINY OLTL 21014 DMB1LASN
AZOUGY t820m] 804 5 i IC BFR NMOS CLOCK URVR U7y MPGAEYR
Az20YeS 1820m120¢ & IC GATE TYL LB AMND QUAD 2eINP ¢l29s BNTALBOEN
AZ0UGé 1820mt 480 3 1 Ic MICPROC NMOS BwplT GHAT1Y ML hBODY,
AZOJGT 182062075 4 IC MISC TYVL LS 61295 BNTalL §RUSN
h20yu8 t820=1202 7 IC GATE YYL L& NAND TPL 3=INP 01295 SNTALSLON
AZOUGY 1820wt21 8 3 IC DCDR TTL LE 3eT0wBalINE 3aiNP 0129% gNYULBL 3eN
AZ0USE 1B20et2ls 3 16 DCOR TTL LS S~fDmBulLINE 3mitP 01298 SNT4LEL I8N
A20Ust [a20=) a7 L] IC GATE TTL L8 NAND GUAD 2+]INP 01295 SNyalL80ON
AFOU%E 182002024 3 1 IC DRYR YTL L8 LINE DRVR OCTL 01298 SNTaLBZHAN
420U%3 1820=0514 ? 1 IC GATE TTL AND QUAD 2eINP #1295 SNTAQBN
A20U84 1820199 i IC INY TTYL LS HEX 1eINP 0129% SNTLLSOUN
AZOUSS 1820n1508 8 ' IC BFR TTL LS BUS GUAD 21295 BNTULELASAN
A20YSh 1820wt 794 2 16 BFR TTL L8 NONINy DETL 27614 $MBLLEISH
£20U87 18201991 t 1 1C GNTR TTL LS DECD DUAL 4mBlY 01298 BNT4L 530N
AZOUSE 1820m1195 7 1 IC FF TYL LB PeTYPE POSHEQGESTRIG COM 0129% SNTaL B TEN
Azoyse 1820%1216 3 IC DCOR TTL LS 3oTQwBmlINE 3=fNP ¢1295 SNTdLEL 38N
AZOUSQ 1B20e1Ptb 3 IC JEDR TTL LA 3=TOw8sLINE 3=INP 01298 BNTULS1 38N
A20Us1 1820w 432 g 1 IC CNTR TTL LB BIN SYNCHRO POG<EDGEsTRIG 01295 BNTULE1IAN
A20WbE 1820a141b 5 IC BCHMITTeTRIG TTL LG INV HEX is=INF 01299 SHTULS1UN
AZOUSD 1820w1430 3 1 IC CNTR TTL LB BIN SYNCHRO POBEDGEsTRIG 0129% SNTULOLE1AN
A20UGE 1820.00%4 5 1 IC SATE TTL NAND QUAD 2eINF 0i39% BNTHOON
A20UBS 18201616 5 IC SCHMITT=TRIG TTh LB INV HEX {=INP 01298 BNTOLAUN
A20Veb 1820=211} 1 ! 15 MICPROCaAGCERS NMOB 04113 MEpaaaaL
A20u6? 1820=1199 1 IC INV TYL LB MEK I=INP 012958 BNTULAAUN
A20WbR 1820w1 599 i IC INV TTL L8 WEX 1eNP 0129% SNTULSQUN
Az0UY 1620=1199 1 IC INY TTL L8 MEX le]NP 01295 SNTaLsgaN
R20UTO 1820w1199 i IC TNV YYL L8 MEK ie=INP 0129% ANTULSOAN
A20UTY 1820e1112 |8 1C FF TIL L8 DayypE Poy=EDGE=TRIG 0129% | aNTULATEAN
A20U72 18201199 t IC INV TTL LB HEX I=]NP 0i29% ANTULBOUN
Azourd 1820=1201 b IC GATE TTL LS AND BUAD 2eINP 01298 ENTULBOSN
AZ0UTE 1820=2058 3 4 I£ MISC TTL & GUAD 28480 1820=3048
A20UTS 182002098 3 IC MIAC TTL § GUAD 78480 1820w2058
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Table 6-3. Replaceable Parts

Seetion VI
Table 6<3

Reference HP Part |c| ‘e Mfr

. A t Description vifr Part Number
Designation | Number |D v P Code
AZGUTE 1820=2058 3 IC MISC TTL & QuAD FLITE 182022058
AZGpYT? 182002058 3 IC MISC TTL § BUAR 26480 1820wZ0%8
AZ0UTA 1R20e1204 L] ! TL GATE TTL L8 NAND DURL delNP 01295 BNTaL8 DN
Az2 ELIRARTTL Y- | DISPLAY & KEY CONTROL 80 ANSEMBLY 28480 D419 mhes22
a22ct 01p0w20%% ] CAPACITOR®FXD ,0IUF +80=20X 100VDL CER 26480 05p0m2035
nzate U1B9m10BY 3 CAPACITOR-FXD 33uF -108+475% 25WYDC AL 28480 0180mi083
azata U1b0w205% 9 CAPACITORWFXD ,01UF +B0w20X 100VDCL CER 28480 V1bGw2055
LEH D16Uw208% 3 CAPACITORaFXD L 0LluF ¢B0«20% 100¥DC SER 28480 0la0wgpss
h22ls [ LT DT ¢ CAPACYTOR=FXD ,q(UF +80%20% 100V0L CER 28480 0D16Q%205Y
L2206 01602055 9 CAPACITOR®FXD ,0DIUF +80=R20% 100WDE CER 28460 Dle0m2055
Azacy Q160wg] }e 1 CAPACTITOR=FXD 220PF +wS% J00VDL MICA LT 0160w0134
L2208 F1b0e2058 8 CAPACITOR®SFND ,01UF +BO=20% 10QVDL CER 28480 0160w2055
422409 0160=3456 & CAPACITORWFXD {pygPF +=10% 1K40C CER 264690 Qladedabe
h22C10 G1eGm345E [ CAPACTITOR=FXD [O00ORF +=10% IXVDL CER 2BUBY 0160e3458
22l 0i6p=3456 [ CapaCiToreFxD 1o00eF ser0x LKyDC LER 28480 0160=345p
422081 1990m0lfe L] LECay ISIPLE LyMaINTRIMCD [FegoMawMay ELTEL SOBZmdbBY
A22082 1990=0681 3 2 DISPLAYwAN®BEG 1wCHAR L408ek RED 2bu80 s082a7y56
422083 198 0ma540 3 3 DIBPLAYwNUMRSES JulHAR ,u3ws 28480 8$082m7680
Kp2084 199 0maS4d 3 DISPLAYSNUMREIEG LwlMAR ,4YwH 28480 %082els50
422085 19900540 3 DISPLAYLNUMRNEG tulMAR L 43ai 28Uy 5082uTh%0
h22084 199040540 3 DISPLAYRNUMABEG f=CHAR _43mH 28480 5082078650
s226s7 1990=0517 4 21 LEQ@VIBIBLE LUMeINTNEMCD IFS20MAwMAX 28480 S082wup5S
22084 9900517 4 LEDLVISIBLE LUMLINTBIMCD [Fa2pMamMaX 28480 §082=485%
A22089 1899=9517 4 LEO®VISIBLE LUMINTSIMCD IFRIOMASMAX 28080 LLLELTTY 1
4220810 1990w0517 4 LEDWVISIBLE LUMWINTRIMCD IFm2oMAnMAX 28480 5082e4s%5
haebByy 1990w0817 4 LEDmVIBIALE LUMGINTUIMED IFma0MAmtAX 28480 S0A2edbS5S
AR2DSLR 199020517 4 LEDRVIBIBLE LUMmINTEIMEG JFM20MARMAX 2848¢ 5082wd b5y
A2p0813 19900517 “ LEDWVISIBLE LUMKLINTRIMCD IFW20MAmMAX 28480 5082mkn5S
A2apBid 199520517 4 LEDSVISIBLE LUMeINTSIMCD [TRZOMASMAX 28480 5082=u4p5%
4220818 1990m0517 4 LED@VISIBLE LUMGINTRIMED EFm2iMAeMAY 28480 5082w4b5%
2220814 19900517 4 LEPRVIBIALE LUMSTNTHIMCD [Fa2oMiaMix 28UBY 5082m4s5Y
4220517 1990epuBe 6 LEDwVISIALE LUMeINTRIMED [Fa20MAeMAX 28480 S082wdbby
4220818 1990=0b81 3 DISPLAY®ANGSEG (=CHAR ,uQBwh AED 28480 S0B2eTe5e
AZ20819 1990m054p 3 DIBPLAYNUMWEEG LwCHAR ,y3eH 28480 5082wTp%0
A220820 19900540 3 DISALAY oNUMeBEG §mCHAR ,43ud 28480 50B2mT450
A220821 19900864y 3 DISPLAY®NUMLSEG pwCHAR ,U3a 28489 5062w7850
Ag20s2y 9900540 3 CISPLAY=NUMBSEG 1eiHAR ,43=H 28480 S5082=Ta%0
A220823 19900517 4 LEDWVISIBLE LUMLINTRIMCD TFmZoMAeMAX 23480 5082wl y5S
Ap20824 19%0m0817 4 LEDWVIBIBLE LUMSINTWIMCD IFSZO%AnMAK 28080 S08ZelpsS
A2205RS t990e0%17 4 LEDAVISTRLE LUMINTEINCD [FRROMAmMAK 28480 FRLELYTY 3]
Ly 3L 1990w0517 4 LEDmy [STBLE LUMaINTHIMED [FR20MAemAY 28480 LLLFETTS 11
Apabaay 1990m0%517 L LEDWVISTBLE LUMLINTHIMED TFugoMAmMaX FLITH] S082e4b%Y
hpablzs 19%0=05817 4 LEPeVISIBLE LUMaINTSIMCD IFMEoMAmMAX 28uBg 5083einss
a2RDY2Y 19900517 L] LEDSVISIBLE LUMwINTSIMED TFR2OMAwMAX 28480 5082wupcs
220830 1990m0517 4 LEDWVISIBLE LiMuINTHIMCO 1Fm2QMAnMAX 2480 LITFLYTS 1]
k22083 199009517 [l LENaVISIBLE LUMLINTESHCD [FR20MA=MAX 26489 HEHY T
4220832 199040517 ] LEDwVISIBLE LUMaINTRIMCD [FmROMieMax 25480 5082wyphs
h22083% 1990m0517 [ LEDRVISIALE LUMaINTRIMED 17 W20MARMAX 25480 5082mia5S
A220D834 1990480 3 LEDeYISISLE LUMSINTHIMGD [#B20MAnMAY 28480 FLLTLrTLY
k280438 199040531 F4 5 OTARLAYwNUMSEG {w{HAR L Jus 20480 5042aT610
4220839 199020531 2 DIBPLAYWNUMSBEG {uwCHAR , 3uH 28480 5082mTh10
A22D8H0 19900531 d DISPLAY=NUMSSEG 1mCHAR o 3wH 26480 5082mTal0
h2a084y 1990w0531 4 DISPLAYwNUMaSEG |=CHAR ,3uwH 28480 508207010
A2epgaz 199040531 H DISPLAYSNUMSSEG ImCHAR o Inn 28480 S082=Ta10
A220843
A22088 1990w0d 86 ] LED«YISIBLE LUMRINTRIMED [FRa0OMAwMAX 84so LLLT XYY
AzaxCi S041ap38y 6 3 KEY CAPwQUARTER, BMIKE GRAY 28aso $041=0584
[3¥iiT] S041mp38Y b KEY CAP«GUARTER, SMOKE GHAY 28480 S0Usm384
AZRKCY Sou1e03?h 5 t KEY CAP=QUARTER, sMK 28480 S044m0327%
h22xCu 5041w0260 ki “ KEY CAPwHALF, L, PRL 28489 S0ui=ggie
A22KCS $041e0280 7 KEY CaP=HALFy [, PRL 28480 [ LR AT
hagile SoulepBt? 9 1 KEY CAPLHALF, SMN, BMBT a8udy S04ie081?
A225L7 50410818 t i KEY CAP=MALF, AMKe3MSY 28480 S041w08i8
A22%XLR S04fenble 9 F3 KEY CAPmBALF, SMKaBMAT 28480 S041wDBLe
A2RxLW 5041244 bd 1 KEY CAPwHALF, 3MBT 28480 S0U1e0244
L2 4131 S5041e0206 7 KEY CAP=MALF, L, PRL FLILY] SOulm02be
ARRKE1Y S04tepRib Y KEY CAPwMALF, . PR, 20480 Soule0RBe
Ag2KC12 Bo4{w0BLY v 1 KEY CAPmMALF, BHKnBMBT 28480 50ai=0814
A22K013 5041m08158 ] H KEY CAPwHALF, SMX=BMOT 28480 S0himpdis
AR2KC1Y Spile0bin L4 KEY CaPupal¥, SMX=8MEY 28480 SCutwahie
A22KC1LE S041w0nbs ’ 3 KEY CAFsWALY, L, BMOXE 28480 LTI 11
h2@kCie Souie0das ? KEY CAPoHALF, |, SMDKE 2haby 50410308
A2EKCLY So41.0811 [] [l KEY CAPordLF, BHX=EMBY hise §oainobty
Lr 1131 ] Sed1e0812 5 i KEY CAP=HALF, BMKn3MAT 28485 S041=0042
L22KCI0 S001eq81) é 1 KEY CAPoMALF, AMKa3MEY 28480 041088}
h22xCan 041085 L} 3 KEY CAF=HALF, EpYwPR[ 28ado S04)=0085

See introduction to this section for ordering information
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da2xC2y 50410885 L] KEY CAPuHALF, EBY&PR| 28480 50ulw0Bss
azdecay S04)1«48B85 L] KEY LAP=MALF, €RYePRL 2848¢ SOl =085S
LrELiTS] 504)1mpE19 2 1 REY [AP 28440 B0Ulws1®
Azexcad S0t)egBOd b i KEY CAPmHALF, SMMwSWAT ELEET S50ul=0&08
A2l 2% Joulag?sh & 1 KEY CAPwHALF, GuUKa3MSY 28480 S04lwa758
Lpaxtay S50&1e005R 2 2 KEY LAPePALMaBRNGPRL géudp Eodlwophe
azaxcar Sotiwp2?Y 4 t HEY CARsMALF,; PRI 2BsBD SOulwp2??
Ap2rC2R 5041ie00509 e KEY CAPaPALMuBRNaPRL peuBo S0uteppys
az2ugas 56U1mp3BY [} KEY CaFwQUARTER, SMOKE GRAY 284B0 SOUYwOIBY
220 3o Souiapase b 1 KEY CAPaMALF, 8  BLU FLELT Soui=puue
[FF1i%T] Spdyeitipo 5 F] YEY CAPwtALF, SMKalMET phado Seaymi000
agasfle Sp4ie1000 5 KEY CAPanALF) SMXmIM3T ELELE) SoUteLb00
hzaxC33 S041mn3as 7 KEY CAPaMALF, [, BMOKE 28480 S0a)ep385
h22xe 3o S04iendy® ? ) KEY CAPwmALF, L, PTY 2B4BD S041e0319
A22%(3% S041e0319 7 KEY CAP=WALF, L, PTY 28480 S061=0%819
[FELI 1 SoU1=0319 7 LEY CAPaHALF, L, PTY 26uBn S041=0319
Agavp2 041%1.4p002 | O 2 INSULATOR L1 Q4| 9ledppod
A2RUPI N41%9yeu0p0l | 1 2 LAMP WOUSE 28uB0 QUL9ied000d
A229YPuU DUIF aUg00E | 2 2 SPALER 2BuBo O4191ed0GO4
A22VP8 pu2s2ednght | % 1 INSULATOR 28ug0 QugbE=u00ol
AR2RY 06831515 2 RESIBTOR 150 Sx 25w FL Yreedon/eo0d o112t CBL%1s
I'¥TLE] 0683=151% 2 RESISTOR 1%0 8% ,25% FL TCwedQOo/ebii0 o112t CB1%4%
AefR3 08Bia1515 2 RESISTOR 150 5% ,2S% FC TCami00/4800 oLy cals1s
h22Ry GaB3e151% 2 RESISTOR 150 5% ,2%% FL TCRaldoG/+600 12y COL%1S
A2ERS 181 ¢m02b9 3 NETWURK=RES Du§IPl0,0K OHM X & 2BUBO 18100269
A22R6 1Atu=0325% 2 2 NETWORK®RES 16«pIP150,0 DMv X 8 a1y I1ealst
422R7 18Y0=p302 E] 3 NETWURK=RED OmS]RLT,0 OHY X o LERY 3 FRELL AT
spens 1A gmpdne L] NETWORKwWRES 8=5IP4T,0 Omm X U 01f21 208udTg
422R9 18100302 5 NETwORKmRES AaSIR47,0 OpM X 4 titet 2088474
2210 1A10wn 3PS 2 NETWUIRK®REY 1b=0)P150,0 OwM x 8 nitel 31eal%y
agary 1810ep20% 3 MEYWORK#RES Fm&TBI0, 0K OMM X & 28uBo 1B10ea2ed
A2gR12 1813m0269 3 NETWDRKeRES 9#81930,08 DHM X & 2840 1850wp2B9
agRa} 18100259 3 NE TWORK®RES Qe5TP10,0K OHM X & 28480 1BL0m2el
Ap2Rn FELRTTY AL v RESIBYOR 410 5y ,25W FL TCawdoD/+600 eltal CR471S
ApRAIS CoE3elnis t RESTSTOR 0K 5% 25w FC ILRadn0/+T00 61121 CBi03%
hp2u16 CoBdlut s t RES[STOR 10% SX ,25W FC Yimalo0/+700 [SET3! CBi03%
bpEr1 ¥ 0583at 3% t RESISTOR 10k Sx 2% FC T{medaQ/+T00 o11et t8103%
a2251=
k22829 Enepevuls T i PUSHBUTTON BWITCH P,C, MOUNT 28480 TR TET
az2510 3161074 L] 1 SwitTChePUSHBUTTON 8P8Y NO 28qa80 3101=1674
Ap28%! S5060=9ulb 7 PUSHBUTTON SWltoM PL. MOUNT 28450 5060m0430
b22%3¢ LT TR Y 7 PUSHALTTON MATYCM PG, MOUNY 28080 S060e943h
hp2ass 5060=%u3e 7 PUBHBYTTON SwltTCH £, mounT ELTLL] 5060=9438
422834 SGe0e9uls 7 PUSMBUTYON BWLTLH P,C, MOUNY 28udy LTI LITRYS
hpR31s Snoowqull ? PUSHBLTTON 3wiTCH P 0, MOQNTY 268080 S50h0eBils
Lgesle 50609438 ? PLUSHBUTTON SWITEH PaC, MOUNT 28u80 S50aaidn
A228Y)7 S060=9436 ? PUBHBUTTON SwITCW P L, MODUNT 28480 5060e8u36
h22.1 1B5Hs003R ) TRANSISTOR ARRAy 28480 185Re0038
agaue 1PSRenn YR 4 TRANSISTGR ARAAY ELTY-1 LLELY IR
2203 165820038 L] TRANSISTOR ARRAY 28480 14580038
Azauk 1B5R20058 4 TRANSTSTOR ARRaY 28u80 18SA=nD}A
h2aus 1820w)b20 7 2 IC BFR TTL 8 OCTL 1eiNF 0t29s ENYag24)N
h22le 1Adceibad ? IC BFR TYL 8 GCTL 1s=jNP 0429% SNTUB2ULN
a2au? 1pdnelint ¢ 3 1C FF 1T, O=YYPE PLBwEDGEmTRIG CLEAR 05ges ENTURTY
hp2Ud 1A20m]1éb1 7} IC FF TTL DaYYPE POBwEDGESTRIG CLEAR 0129% SNT4RYS
Agaus 18201418 5 IC SCHMITI=TRIG TYL LB INV AEX I=INP 04299 BNTULA AN
Ap2U10 1820.0L9% & 2 I DCDR Y¥L 4wTOaybul INE dulNP 01295 BNTULSUN
k22U 1AZom146t 0 1L FF YT, DuwTYPE FOSHEDGETRIG CLEAR 0129% BNTURTY
hpd2uie 181620913 & 3 IC TTL 8 &deBIT RAM  110eNE (el 14335 AMITLOPC
Ag2ulld 181465913 & IC TTL B b4eBIY RAM 110=N3 Oul 14338 AMIILQLIPD
dgaurd 1816e0%13 & I TTL 5 bde3IT REAY (1045 Cef 23S AMITLOIPL
Ap2ULS 1820a1 43} & IC YHF=RGTR TTL |8 Red SERIALeIN PRLeQUT 6129% ANTULBL UK
Azauge 18201278 7 2 IC CNTR TFL LS 8IN UP/DORN ESYNCHRE 03129% SNTULILRIN
h2aur? 18200485 g IC DCDR TTL deTomibwLINE U=]NP c129% BNTULSAN
Azaurd 1820=127B ? IC CNYR TYL LS 8IN UP/DOHN SYNZHRD n129% SNTULBIIIN
Azayls 18206=141% 4 i IC SCHMTYTeTRIG TTL L8 NAND DUAL d=1NP ¢1a9% ANTULBYIN
dzzuzo 120w L33 & IC BHF&RGYR TTL L3 Re8 SERTALWIN FRL=OUT 0129% BhT74L8 04N
dppual 1820wi 20t & IC GATE TTL L3 AND QUAD 2aINP ¢129% SNTULEpAN
Agaule 18201199 i IC INY TTL L3 HEX 1=INP 01895 SNTULS0UN
Ap2Uz} 18201197 q IC GATE TYL LS NAND QUAD pmlNP Figvs BMTULBOON
hru2y 18201204 & IC GATE TTL L8 aND OUAD 2=INP 61295 aNT4LBOEN

cUlupeugoo? | ¢ 1 INSULATOR 2Bado phlaomapood
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Table 643

Reference HP Part |c Q I Mfr

: A t Description Mfr Part Number
Designation | Number |[D Y p Code
L) 0419 m0e52Y | b 1 PORER BUPPLY BOaRD ASBEMBLY 28480 pUE9epeBal
A2301 0{BomtoT! L] i CAPACITOR-FAD 15C00pF -10+30% 16WYDC ALM 28480 pldn=107]
Ap3i2 018pm10Y3 fl 1 CAPACITOR-THD 22000pF ~10+30% 16WVOC ALM 28480 01603075
12%83 018)wg980 7 [y CAPALITORFXD 330UF+upok SoVDL AL FLYLI 0180m2R 84
A23Cu 31803984 7 CAPACTTORF XD JA0UFenaR0Xx SO0VOC &) ELTT-1 01802988
h23Cs 0180w29B6 1 CAPACITORSFXD 3X0UF+e20X SOVOC AL by 0183w2 86
dz3ls 0180edVRe 7 CAPACITCReFXD 330UF*eppX SpVDC AL 28480 3R TLFLLTY
[FE34] 0180m298s 1 CAPACITUR«FXD 330,F+e20% 50vDC AL 2BUB0 DifQe@dty
[ Y3111 UlB0=g9Be T CAPACITUReFXD 330UF+wgoX S0VOC AL FLET-1Y bi8gw2988
AziyLe Q180a2082 3 2 CAPACITURmFXD F40UFeSgei0x 100VDC AL 26UBD Qilbom2esg
L2if10 01B)=2982 3 CAPRCITORFXD 330UF+50e1 0y 100VOC AL 2848y 0180e2982
L2301} 0180.2983 L 4 CAPACIYOR®FAD 4T00UF+30mi0X 25VDL 44 FLLL 0180w2983
hg3Ci2 C180mg9B3 4 CAPALITORSEFXD aYoouFedoml0% 2%VDE AL 28BUBY 0180e2983
h23013 G180a298Y g CAPACITOR=FXD 47UF¢m2aX 50yDT &L 2B4go D1BAm2984
h23tta Gl1B0w2979 5 CAPLCITOR®FAD 220UF+=20% 1evDC AL 2aued 0lal=dqre
A2301% 0156w0Y 28 5 CAPACITOR=FXD _{uF +8pe2oy So0vVDC LER ELEL-T D150m0t 21
Az3C1s 61508012t g CAPECITORWFXD _1UF +80=20x S0VOL CER 28uBy 2150m012)
he3ct? ULAGetORS 3 CAPACITOR-FAD 33uF -10%+75% 25WVDC AL 28u4de 01B0=10B3
A2IC1H ni%papi2l 5 CAPACITORFXD yUF +B0mpox S0VDC CER 2B4BY GLS0=0§ Rl
IY2I4R DyHp=298a 5 LAPACTTORSFYD 4TUFew2DX SOVEC AL ELYT.1 BIBOmEGRAY
h23t20 0180=2079 8 CAPACITORFXD 2po0UF+m20Y 16VDL &L 28480 GLa0=29Te
423024 0ERApupRTS a CapaClroreFxD 220uF+wd0y t6y0E AL RBu8G C1B0e2979
haytee 0L81He2979 8 CAPALITORFYD 220UF+e20% 14Y00 &L 2e480 oipom2gyy
433023 0180e2979 A CAPACITURRF XD 220UFsmg0y 18¥OL AL 2Bu8Y G1B0=2879
Aa3fRy 01842985 ] CAPACITURWFXD JAUF+=20X GIVDE AL LT H180w2985
h2302% 31R0w2¥BS & CARBACITORRFXD X5uFem20X 63V0C AL 28080 G1B0=2QBY
a2ites 0150=n121 5 CAPACITORSFXD L JUF +80=20% S0vbL CER 28489 0LSe0LR!
a2IgRi 1906=00%0 T 4 DIODE=FW BRRG 200V 2a 04713 Mpa2oa
A23LR2 190b=p 096 7 DICDE=Fw HRDE 2o0V 24 oHT1Y MDA2OR
A23ILRI 19023258 L] DIGPE«INR 23,7V 5% D0el PDW dw TLCH4,0T6% 2808¢ 1902w32%6
A2ILRY 19080098 7 Q10DE=FN BRUG 2o0v¥ 24 HCR AR MDAZUE
A230RY 1906=p0%n 7 DIGDEwF¥ BROG 2oov 24 nuTI MGoA2D2
AZ23CRS5 1901 mpbb2 3 2 DIODE«PWR RECT fnyV b4 4713 MRSy
[¥3 1.1 1901 mbe2 3 J10pE=PRE RECY 10UY 64 puT1y WRTEL
LE3 L 1902=3256 9 DIOBE=INR 23,7V SY DOT PDE aw TCRs , 0T6X 28480 19023258
LEILRY 19620049 2 H DIODEmINE b, 19y 5% DO0=T phou,iw TLEe, 022X 28480 1902w004%
A23CR1p 19020049 2 DIODEwINR 8,19V §X DO&T PDm dk T{me,022% 28480 1302w0049
A23LR1p 1901 *g040 i DIODEw=SnITCRING 3y¥Y SoMA aMG DDe3s 2808¢ 1%p1*pg40
A23CR1Y 15023232 ? 2 DIGDE=IMR |NI99TRA S,V 5% B0ed PDmicH nu7Yy {N399TRA
A21CRIE 1602w 232 7 DICOE=INR INI9QTRA 5,8V 5% [Ded PDE1OW Q471 IN3IGQTRA
L23LR1L 19021200 9 H DIOPE=INR ENZSBGR 1hY 5% DDad PDE)ow £2954 INg9808
h23Cr1Y 1942=1200 ? DIOREeIhR NZIROE 3bY 5K DO=d PDRIDW 12994 1N29B0E
A23CR1B 1902=0b48 4 F DIgBE=2hp IN2997REB Sty 8% Doed pOmjown 0uvil 1N2R9TRE
L3RG 1402mppks u DINGE=INR LN29OTRE 51Y Sk DQeU POsion 04713 1N299ThE
re3LR22 19010040 1 DIODE=3wITCHING 3pv S0MA 2ME DOe35 28480 1901=0Q40
La3Ft 211 p=0003 ] 2 FUSE %A 25uV |, 25x,25% Ul 1915 312003
Lo3re 2110=0003 b FUSE 34 250V 1,25%,25 Wl 75935 312003
AZAFY 2110=00%U 9 2 FUSE 1,754 250v 1,25X, 2§ Ul IEC 28udg 2110=00%94
dgire 2i10e00%4 9 FUSE 1,254 280V 1,2%%,2% uL [EC 28480 Fl10=Qo94
L21F5 2110mp000 1 H FUSE 254 250V 1,25%,25 UL 28480 2110w0004
L23Fe 2ltuephnd 1 FuUsE ,25A 250v 1,25K,25 UL 28489 g2l10e0004
Az3F7 2110e051) 7 2 FUSBE 123k 125v ,348X,2% ul 15915 273,125
[¥:3 14 2110w051% 7 FUSE 1254 12%v ,348%,25 Ul 15815 275,528
42371 12513157 & 1 CONNECTOR L2«PIN M POST TYPE 28489 1251=3197
L2312 1251 mtbB3 H 10 COMMNECTORABGL GONT BKT _p4elNmBSCa$? RND 2848p 1251wdpay
233 1251=db83 1 CONNECTOR®3GL CONT BXT ,OGwIneBSleSE RN 28480 1251wdpd}
LES B LY L2% =it} 7 CONNECTORaS8GL CONY BXKT ,0dwlNmBSCe8] AND 28480 1251iwus8}
423J% 12%1 w4885 ’ COMMECTOR=3GL CONY SKT ,DdwlheddCeSZ AND 28489 1851s4p83
12316 1251 wibb3 ? CONNECTUR=BGL CONT BKY ,0GmINmBSCw82 RND 28ado 125 =483
L2y Y 1251 mibdy T CONNECTOR&SGL COMNY 8KT _o4wINeB8{«852 AND 28489 1R51eub83
A23Je icS51e408) ? CONNECTOR=3GL £ONT SKT ,04=Ih=B3Cw3Z AND 2Bugo 1251 a4p8}
Aa2yle 1291 e4b8Y 7 CONNECTORSGL CONT BRY _DuelNwBECaST AND 28480 125)=uhsY
ApyrJig 1281 «inB3 ? CONNECTORMSGL CONT 8KT ,0uwlneBECe8] RND 28480 i12%1w4eey
az3J1t 12S1eubBd 7 CONNECTOR#SG4 COMNT BKT ,DUelnwREC=3] RND FLELT 1251=Us8%
haddy2 12513099 8 1 CONNECTUR 50«PIN M RECTANGULAR 28480 1251=3590
bLz34Py 03BoegTHY 2 STANDOFFoRYTRON  18YulNulG 6=}pTHD 00600 QRDER BY DEBCRIPTION
L23WPQ 03BoepTas L] 1g SEALERARND ,09%alNwki ,09elnell 28480 0380a0T4y
h239up3 0599 w0528 & H THREADED INSERTwNUT dedl ,065»LG 88T 78080 0590w0526
K254Pg 0590=] 054 1 1 THREAGED INBERTLNUT Hel2 ,0b65=LG 88T 28480 05901054
L2IAPS 1205w021t ] 2 HELT BINK TUBLulS 2&ubp 1205=0211
A23vpo 1251w1998 i 4 CONNECToRwaGL CoNT SKT ,025eInwBaC=al 28uB0 1351m1998
A239R7 22004105 i SBCREWeMACH fedpy ,312°]NeLG PANsHDePDZ] GoGe0 QRDER §Y DESLRIPTION
A23MPR 2tdoequ}d H b NUT#HEXep/LKnk 10a32eTHD ,125alNaTHK epeoo URDER By DEJCRIPTION
L23IvP9 §050a0307 [ | WANMER®FL MTLL NO, & ,143elne]D 28480 30%0m8307
W23IPlg pd1ste2a00s | ¥ 3 SPACER 28080 0UY1FLepd00%

See introduction to this section for ordering information
#Indicates factory selected value
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Section VI

Model 4191 A

Table 6-3
Tahle 6-3. Replaceable Parts
Reference HP Part |c Q P Mfr
; A t Description Mfr Part Number

Designation | Number |D Y P Code

TR 185403§) 8 1 TRANSTSTOR NEN aN42uD 81 YOwbb #DwIEW (YL TL] Magao

ARdp2 1B Guguty 4 3 TRANSISTOR NPN SE PORIIGMA FTRIQOMME 04T13 2655

42303 1A% UaguT4 4 TRANSISTOR NPN 81 POa3IoMW FY®{QOMAHZ 04713 NS85

(YirD 1854074 4 TRANSISTOR NON ST PDAZI0MW FYRIOOMNZ 04713 NGS5

[F311 18530330 H 3 TRANSISTOR PNP 81 PDmp2uMw FYsboMu] 04713 HPASR

A2308 18835a0010 v 1 TRANSIBYOR PNP aNod23 8] YOwas POm3SH 04713 ey

42307 18530336 5 TRANSTSTOR PNP 81 PDeo2%MW FTgS0Mnl D4T13 MPBAR2

2306 185320338 5 TRANSIBYOR PNP BI PDEp25MN FTRSOMHI 04713 wrsAG2

AZ2309 1853-0252 H TRANSISTOR PNP S1 PD=150W FT=4MH2

A23010 18540063 7 TRANSISTOR NPN SI PD=1T5W FT=800KHZ

Az3ed 1854=0071 TRANSIATOR NPN 8] PDRJIOOMW FTARDOMMI 28680 185a=0Q7)

A23012 18%54007) [ TRANIISTOR NPN 81 PDORJOGMA FTR200MHT FEYTTY §aSUmgQY]

AR3Q13 1a%3ep020 4 TRANSISTOR PNP 31 POBOOMN FY9]SOMHZ Tahg0 1853=0020

h23014 18550020 TRANGISTOR PNP 81 PRW300MN FYN1SQMAY 28480 1853=0020

B23RY 068325625 3 REBIBTOR S, 6K Sx 250 FC TCawyo0/e700 oLy CoseS

A2BR2 0eB3ep2235 H RES[STOR 22K 5X ,2%W FL TCewri00/4800 0E12} t822)8

h2¥R3 0ad3w223S 5 REBTSTOR 22K 5X 250 FC TCewd(o/+800 [RY 4§ CB223%

[FAET] VpBYe2235 5 RESISTOR 22K 5% 258 FL TCwedoO/+d00 olydy CBz235

A2%A% 04832235 5 REBISTOR 22K BX 2% FC TCmed00/¢800 [ZRT 11 cez2s

A2376 DeR3562S 3 RESISTOR §,6K 5% ,25% KC TEEeUDO/+T700 01421t cpss2s

A2RRT7 06835625 13 RESISTOR %, 6K Sx _2%% FC TiswO0/+700 01121 CBEazs

A23RE 2100-1788 L 1 RESISTOR=TAMR 500 0% C TDPeADJ {eTRN 28400 2100-1788

AZ23R¢ Le83elH2S 8 RESTSTOR j% 5% 264 FC TCRadd0/+600 [FRF 31 13121

Az3a10 bHE3=5425 3 RESIBTOK 5,6K 5% ,25¢ FC TCxwdgo/e700 01121 CBSe2s

[¥LLET: GoBlesd2s b RESIATOR b,8K 8% 25w PC TCRma0O0/¢T00 it CBaERY

AZBR12 CoB3e038 ] RESINTOR 10K 5% ,29% FC TCamdDO/9700 [RRT 31 £61035

Ap3R43 P683e1 038 £ RESISTOR 10K 5% ,25%% FL TCRek0Q/+700 01121 CB103%

A23R14 0eB3et02% 9 RESISTOR tx S% ,2%W FC TCwad(o/+b00 LERT 3} [3Y:1 1)

23815 G68%=1 825 7 RESIBTOR |,8K 3% ,2%W FC TCmwdpo/eTo0 o412t CB182%

AZ3RLE LETE T 131 i REBIITOR So0 5% ,2%% FC Ton=d00/+800 a1t pasels

A23R1 7 06R3e1025 9 REJISTOR (¥ Sx ,2%4 FC TCmed00/+b00 o1l Coi02%

LEL L] [LLRPLT.¥ 4] 3 REBISTOR §,6K 5% 25 FC YCemufto/2700 oitdl CBseas

A23H19 (YIRS 1 RESTSTOR Sag Sy 25« FC TCas400/+600 152y (asety

A23R20 113 TRRF:4- 9 REGIATOR tK S% _25% FC TLEaq00/+800 PERE 2! CBioas

A2IR2Y CoP3eSs2S 3 RESIITOR S,6K Sy 250 FL TCwau00/eT00 o121 CBSLRS

Azangs 06835625 3 REATSTOR §,6K Sx ,25W FC TCE=dpo/e700 plidt Cd5625

A23R23 BTSTwQHAY ! RESISTOR $2,4K 1% L1298 F TCs0ewi00 26546 Clmi/BaTlniZl2eF

AayRpu 0757 mp183 3 ? RESISTOR 34,6% yx 1250 F TCmQem10D 28480 47573123

L2IRPE 0eBIepd TS ! 3 REMISTOR 4,7 5% 25% FC TCEed00/+500 rit@l CBUTES

AZ3RRZS LISNESTER | 3 H RESTITOR 448 5% 5% P TCs04=150 28480 ealiedulld

A25RpT 675Tw0b4é t RESTATOR {2,1% 1% ,12%W F TCE(+a100 24548 Clui/BaTpimldl2eF

Y3 LEL C757e0290 5 RESISTOR 6,198 1% L12%4 F TCmOew100 19701 MFUCE/8afous)¥inF

baseze PEINES EEE) ] RESISTOR 4B 8% 5% PA TCeU+miSp H LT [LINTITEE ]

423R30 BISTmgddd { RESTSTOR §2,1% 1% L1284 F TCmpsa100 20%4s Chwi/BuTlnidig=F

IFLLL T 025 woddd i RESEBYDR 12,1K 1% 12580 F Tinosewlgo 24548 Cldnt/BaTOmid2idnF

a2383%2 PEY ST 11 7 RESTSTOR b, BK 8% ,2%% FC Teged00/¢T00 01124 [4TLT1H

ARRRYS Do63Imy 038 1 RESISTOR joK S% ,25% FC TCW=dgor/e00 o132l CB103%

A23RB4 coBYet O3S t RESTSTOR L0K SY ,25# FC Timadob/e700 [ZR¥ 3 CB1038

A23R1S 06P3ei02h 9 RESTATOR §% 88X _2§% FL TCRed00/4b00 olidl CByo2%

LpyRye OBB3=;B2E 7 RESISTOR g BK 5% 25K F TCueagq/+700 [IEY S Cai828

Ag3R1Y 0bB3a5628 3 RESISTUR §,bK 5% 25w FC 1CowdOn/+700 011ét CHEH2S

A23R38 015T=0udd 1 RESISTOR 12,1K 1% 125K F T(&0#=100 24848 Cldml/BauTOnl212nF

A23R39 0757=0123 3 RESISTOR 3Jd,8K 1% 1258 F TCEGemlo0 FLEL-T GTS7w0123

A23M00 LR PO LR LY H RESISTOR 4,7 SX ,25W FC TCW=UQd/e500 [ERE 3] caaves

Azsray 2100-1984 1 2 RESIayCRetAMR 00 1G% C TOP=ADJ LwmfRN 28489 2100-1984

A23R42 2100-1984 i RESISTCR=TRMR tog 10% C TORmADS 1aTRN 28480 2100-1984

231 19Rbe0270 5 1 I1C 7BLDSA y RGLIR 70e82 4Ty MCTBLGSALR

A23ue tada=noal 4 IC QP aAMP GP TQ=99 oiqih CAOYY

4233 LBZem0099 [ 1 IC v RGLTR TOe220 0726} 781200

aasuu 1A2h=ppdY [ 1C 0P AMP GP TOw59 [RR 1] cA3OTT

42305 1B26e004Y & IC OF AMP QP TDhe99 n1ees Ca3aTT

A23Ue 182be00dd 4 IC gP AMP GP TQae99 ptoeze CA3QTT

A23xF1 2110m0289 0 14 FUSEHOLDER=CLIP TYPE,250FUSE 28480 Fl10m02069

[Py U ebbl2u | § 1 MOTHER BOARD ABBEMELY (BASIC UNIT) 2BusY D4t F1=ab8R4 [ AZ4 BOARD FOR OPT
002 UNIT IS LISTED

LELI] t160=pul? ] 28 CAPACITURFOTHRU SOOUPF +80 «20x 200V 28480 0l60=2437 ON PAGES 6-43 AND

a2a02 DiBbwa4y? 1 CAPACITORRFDTHRY SOO00PF +80 =20 200V FLELY] oie0e2437 6-24

424C3 G160mRu3? 1 CAPACITOR=FDTHRY S00OPF 80 w20% 200V 28480 0160a2457

h24CH Clp0e2437 t CAPACITOR®FDTRRY SO00PF B0 20K 200V ELEL D160w2437

42408 DleDwuy? L CAPACITORFDTHRY SO000PF 480 »20% 200V 28480 D180mg43T?

42408 Cloowz 3?7 L CAACTITuR»FDTHRRYy S000pF +80 =20K 200y 28480 016092437

hauCy 01602437 3 CAPACITUR=FOTRRU S000PF +80 =20k 200V 28480 oled*pud?

[F114] 0160wl d}T § CAPACITORWFDTHRY SO0O0QFF +80 «20% 200V 284uBg 01602437

L2009 G180e2437 § CAPACITOR®FOTRRY SOCOPF +80 »20% 200V 28480 LI Y

[¥T141- B160-2417 t CAPACITORSFDTHRY SOOGORF +80 =20% 200V 26480 0160m2437
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Model 4191 A

Table 6-3. Replaceahle Parts

Segtion VL
Table 6-3

Reference HP Part |c| s Mfr

. p t Description Mfr Part Number
Designation Number [0 Y p Code
[FLIA 8] 0140=2437 1 CAPACTTORRFDYHRY %000PF 480 wg0y 200V 28489 0laDwgus?
AdUg12 Gl4ce243Y 1 CAPACITOR=FDTHRY SOQQPF +BD «20% 200V 28489 plep=aus’
A2u613 0560wy 1 CAPACITORFOTHRY S000PF +AQ w2oy 200V 2buBy Qlanw2ul?
A248140 016Dw2l3T i CAPACITORFDYMRY SO000FF +80 =20k 200V 28480 Die0m@ul?
h24C15 Jitomauy? 1 CAPALITOR=FRYHRU E000OPF #80 =g0X 200V 284B0 J160w2437
haul16 Qtb0m2e3Y i CAPACITORSFRTHRU S0U0PF 480 »20% 200V 2BUBY V1b0wdas?
auce7? 0ibowad? 1 CAPACITORSFDTARY SO00PF +80 =20X 200V 28480 0180m2437
A2ulyb Glb0eul7 1 CAPACITORWFOTHRU S000PF +B0 w20% 200V FL-TT-1] 0160m2ud?
hzug1d GLbpugdd? 1 CAPACITORSFRYMRY S000PF +80 =20% 200V 2B4Bg 0160w2uld’?
A2ub20 01603677 H CAPACITORWFXD 100FF va2ox 200¥DC CER 28480 P160w3p?y
Agutat 01howdBY? g CAPACITORGFED 100PF +w20% 200YDC CER 28480 0160w3A?T
Agug2e [EETTRLEN) - CAPALITOR®FXD 10CRF +e20X 2B0VDC CER 28480 glehw3877
A24C2} QEb0=3BT7 % CAPACITURAFXD 190PF +u20% 200V0C CER 28480 0160e3877
A24g24 Qib0niBT? 5 CAPACITOR®FXD [DUPF +w20X 208HYDC CER ELTLD] 0160m3ay?Y
k24028 0503877 5 CAPALITORFXD 100PF «=20% Z0OVDL CER 28480 U160=3877
dautee 01b0w2dd7 1 CAPALITORWFRTHRY 5000PF ¢80 =20% 200V 26480 D160=gu3T
AZUERT 0lbowd3T 1 CAPACITOHPRTHAY SOOOPF +BD w20X% 200V 28480 0le0wguly
hpuC28 OLbYwRd37 1 CAPACITORFOTHRY SQ0CPF ¢80 =20% 200V 2848p 0160=2u27
a2ug29 [FLYEYTE A 1 CAPACITOR®FDTRAY BODOPF +80 =20X% 200V 20480 CihOmzy3?
22420 S1adwzay? 1 CAPACITORFDTHAU SCOOPF +80 =20X 200¥ 28480 0raC=2437
24311 01603877 5 CAPACITUReFXS 100PF +w20X 200VDC CER 2848y Ulb0w3R??
hzafse J160«3877 5 CAPSCETRRMXD 190PF se2py 204V0C CER 28480 GloGe3877
[YLI4}] 0160«3877 5 CAPACITORFED {ODRF +w20% 200vDEL CER 28484 tiahelarTy
[FL13 1 0160-3277 5 CAPACITORSFXD 1008F +w2nX 200VBC CER 28u48g 01b0e3877
AauCys D160=3877 5 CARACITOR®FXD j00pF +w2nX 200yDC CEK 28480 Glo0ow}aiy
hputse Otap=38r? 5 CAPACIyOReFxD 100PF +w0x 200yDC (&g 28480 01p0m3B?7
h4CYY Ota0ednyy H CAPRCITOR®F XD {QORF «e20X% 200VDC CER 2p480 0lg0=3ay7
AgaLyre F160=3677 5 CAPACITOR=FXE {00PF +w20X 200vVDC CER 28480 Qlb0=3677
A2ugay U160e2i17 1 CAPACITOR=FDTHRY SCOCGRF +B80 wg0Xx 200V 28489 Nthowgust
Azaf a0 Q160w2ul7 1 CAPACITORAFOTHRY %000PF +80 «20% 200V 28480 0l bnwan3?
Apafyy 01460e2437 i CAPACITOR-FDYMRU S000PF +80 «203% 200V 28480 0160e2437
Apatag Ql1e0ezUlY 1 CAPACITORSFOTHRU SOQUPF +80 «20% 209V 28480 0160=2437
Apaly Fipo=2au7 4 CORLeMLD yooNH (0% Gwxy  o9%30X, 2SLGNDM 28480 Ylpa=2au7?
ApdLz Si10p=2247 ] COEL=MLD fOONK fGXk GE34 p9S0x, 2%LGeNO¥ P48 91g0=2247
ALY 9100=2247 4 COYL=MLD 100am {0X Qw34 ,09%0X,25LGaN0M 28480 9lgQw2eay
AgaLa S{age2247 4 COJLwMLD jJpoik foX Geld ,o95DX, 254 GeN0M 28460 Qlageaday
L2415 9100w2247 4 COELwMLD 100NH 0% @%34 L 095DX, 250 GmiDM 28480 R1Q0wa2AY
LauLe Yipw22aY 4 COEL=MLD 100N% {0x Ge3u ,p950X, 2500800 28ad0 9Lp0eg2u?
4247 Sioo=2247 & COYLwMLD 100N 0% QU300 ,095DK, 25 GakOM 28480 9100e2@uy
Apuupy 03Bom0tlt 4 H STANDOFFeRVTa0N ,2%5wINwil &a32THD 00000 OKDER BY DEBCRIPTION
ipuupg 038w 007 5 STANDOFFwRYY=(N ,U3BeINu, G JedUTHp 00600 GRDER BY DESCRIPTION
ARGUR3 0590w 1d2 4 44 THREADED INSERTwHUT Balz ,lelb CARBeSTL 28480 05901142
APUVPL 21900749 9 34 WASHER=FL MILC NO, 8 ,172alNe]D 28480 2190=pus
LEFLLE 2360m0118 4 SCRENMACH Hn32 ,312=INw,5 PiNaHCwPQ2] 00000 GRDER BY DESBCRIPYION
A244Ph 2360w012% ] [ SCREW=MaCH bu32 ,THwiNm| G PalenDwupPUY] oveoo ORDER BY DEBCHIPTION
A2aWPT IDSQw013Y [} 4 WASHERwFL MILL NO, 8 L(72«[NeID 28480 3C50=0135¢
A2UMPE QUiagelngos | & 2 GUIBE 28480 gUéiddwesonny
hadxhia 1251w2034 8 20 CONNECTERapL EDGE 10elONT/RON 28R0WS 28480 1251 %2034
AZUXAZA 1251=2034 5 CONMECTORPC EDGE LQwCONT/ROW 2mROWE 28480 1281220354
A24KAS, 12512034 L} CONNECTGR=PC EQGE 10=LOUNT/ROn 2uRDwS 28480 1251e2034
AZUXAZR 12512030 8 CONNECTORmPC ENGE LU=CONT/RON 2mR0WS 284890 1251=203%4
haaxaal 2% =203 q CONNECTORePL EDRE 1OwCUNY/ROW 2aRUWS 28480 12%1=20634
AphyhuR 1251=2034 3 CONNECTORWPRL EDGE 10wCUNT/ROw 2sR0nS 24480 1251=2034
A24XA%L 17912034 ] CONNECTDORePC EDGE LOwLONY/ROW 2uROWE 2848¢ 1&51e3054
ARUXASR L2512034 a CONNECTORWPL EDGE 19=CONY/ROW 2«ROWS 28480 1251=2034
LELRT 12910198 8 3 CONNECTOR=PL EDGE {9wCONT/ROW {wROW 28480 125 =01 95
A2axAaT t25)ep105 & CONNECTURePL EDGE 1 0wCONY/ROw 1eRDw 28480 1251=0195
A2UxAtiph 1291=2034 a CONNECTOR®PL EQGE 10=CONT/RGW 2eROWS 2Busp 125120350
A2AXATEA 1251m2034 L} CONNECTORSPL EHGE JOsCONT/ROW 2eR0wg 28480 12612034
A2uxat2l §251=20634 L} CONNECTOR«PL EDGE 10sCUNT/ROn 2aR0n8 28480 12%1=3034
d2axht2R 12512034 & CONNECTORwPC EDGE 1 0wCONT ROy 2euRUWE A8480 1E€51w234
[YLETYREY 12851m2035 3 CONKNECTORePC EDGE 10=CONT/ROw 2uR(MWS 28480 1251=2034
A24XALS 12513196 8 CONNECTRRaPL EDGE 10eCONT/RUN {&R0DW 268480 1251=0198
AUxALS( t251m203E 8 ConnELToRePE EDGE 10eCynT/ROR 2eRpA§ 28480 12512054
hguxhieR 1255 =2034 8 CONNECTYOR®PL EDGE JQ=CONT/ROW 2wROWY g2Budg 1251% 2034
AguxALTIL 1281 w2034 -] CONNECTURwPL EDGE 10mCUNT/ROW 2eROWS 28480 125)epgsa
ARAXALTR i@51=-2034 [} CONNECTORSPL EDGE 10=CONY/RON 2aR(AY &Baso 1251=20349
A2HNALSA 12512038 8 CONNECTORPL EOGE 10#CONT/RUW 2=ROWS 28480 1254=2034
hpaxhagph 125 w23 -] CONNECTURSPL EOGE 1UwCONY/ROW 2aROWS 2Bado i2%1+8034d
h2uxadid F25ye2034 3 CONNECTOReFC EDGE 10wCONY/RON 28RONS 28480 12512034
42y GU191abb5RE | B i HEATER COKTROLIER BD ASSEMELY 28480 0d19iwpb82y

See introduction to this section for arderirg information
*Indicates factory selected value
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Table 6-3
Table 6-3. Replaceable Parts
Reference HP Part |c - Mfr
: . Qt Description Mfr Part Number
Designation Number |D Y P Code
L¥: 14} H160wad59 b 2 CAPACITORFXD ,220F +«10% 250VAL(RME) Coe33 FMERT{iMb22
hasla [FCTLY L] 9 CAPACITQR=FXD ,22UF #e)pX 250VAC{RME) L0653 PMERT 1 Mo 22
42503 C180e2992 H 1 CAPACITCRAFXD 220uF+=20% 25yDL AL 28480 G1BOm2992
42554 tL60e0301 4 1 CAPACITORWFXD ,012UF ¢=i0% 200YDD POLYE 28480 F160e0301
[¥1141 0160-0380 9 i CAPACITORFXD 220F wal0% 200V0C POLYE 268480 Glo0wa3BE
AZSCRY 18Bu=G2Bh 9 1 THYRIATOReTRIAL 0003 ACOBOGM
1258R2 1902~3002 3 1 DIUDEwZNR 2,37y 5% QUeT POR 4k TLRe,07dX 28489 1902=3002
A35CRI 1905 =002% ] 1 DIUDEWGEN PRP {po¥ 20UMA DOs? 28480 190120023
L254R4 19010028 5 1 DI0OE=PWR RECY 400V TS0MA DCwd9 28480 1501=0028
Y1113 199 0udls & LED®YISTALE LUMeINTRLIMCD [FR20MAmMAY 28480 S0B2mdn8d
LY 181 2110wp00? 4 1 Fust 1A 280y 1,2%%,25 u 75915 313001
AgSJ1 125t w599 6 1 CONNECTOR 3=PIN M POBT 1YPE 28480 12510599
IYTYH JR81e3a14 ¢ ! CONNECTOR SaPIN M POST TYPE 268440 1251a3aia
12501 91003118 5 1 COIL T5UM LS% ,SDX,BTSLGeNOM 28480 9150=313%
A25 MR (31 A LT 3 [] ATANDOFEwRYT=0N 3T SmiNalG bm32THD 80000 GROER BY DESCRIPTION
L354p2 13800532 F 1 STANDOFFaRYTeON ,EelNelG 4uu4THD 00600 GHOER BY DESCRIPTION
A2SHP3 t4B0wiile ] PINRGRY 062w INaDIA ,25wINei G 3TL 26489 14800116
YLl 2lio=02ed [ FUSEHDLDERACLE® TYPE,25DwFUSE 28480 2110%026%
A25HPE 2360x011% 4 SCREWMACH be32  Jida]NwiG PaN=MDePGZ! 00400 ORQER BY DESCHEIPTION
AEBUPE LTI LT 1 1 EXTRARPL BD RED POLYL ,0b2eabeTHKNS 28480 GOUGw0750
Aa5upy 400GunT5Y ] 1 EXTRa®C B GRN POLYL ,062eRDaTHKNY 28480 404neH7%3
L28UPS G419 1 mpdo1e | 3 1 CUVER 28489 QU19§mganl9
[F11T 21002489 1 RESISTOR®TRMR 8k {0% ¢ SIDE~ADJS 1=TRN 28480 2100-2439
A25R2 0683%1005 5 RESIGTOR 10 5X ,25H FL TCem4(g/e500 ol1dl tBiooy
L2803 07640004 H 3 RESISTOR B,2K 8X 24 MO TCaD+ed00 28489 0Tsue0040
128RY 0764n004k 2 RESISTOR 8,2K §% 2K MU Tim0+=200 28480 07aum004y
LELLL) 7biagoad F RESISTUR 8,2K S W MO TORO#w200 28480 0Fedm0GUY
Ap%RS 06833325 & RESIBTUR 3, 3K S3 ,2%x FC TCwaugo/¢700 o1iet {83328
A2SRT 96P3wt08S H RESTSTOR 1M 5% 254 FC T{awB0/+900 o112 £81058%
42548 069823421 4 1 REBISTOR 38,3K 41X 3K F TC20emlgl 28080 0b9Bm3EZY
AzsTy 91 00.5855 [ TRANSFDRMERSPULSE 28480 G100=0855
AZYTRY 125iw0600 [} CONNECTORSBGL CONT PIN ¢, 14=MMeB8Ce87 40 28489 12%1=0640
A28yP2 125Lupbnd [ CONNECTOR®SGL CONT PIN (,1deMVaB3CeBZ 80 28480 1251w0000
4287R3 128t =0600 o COMNECYOR=3GL £ONT PIN {, l4=MMapSC=87 80 25480 1251m=0800
[¥13E 1251w0600 [ CONNECTOReSGL CONT PIN t,14wMMeBSCa87 30 28480 1251=0600
4257P8 1251e060¢ [ COMNECTOR®SGL CONT PIN t.l14sMMepSt=5Z 3§ 28480 1251m08600
A25uy 1BRb=06TE 9 1 IC 8wDIPaP S2L48 SLadia
izt NCY ASBIGNED
427 NDT A8SIGNED
aze NOT ABBIGNED
(¥ NUT 88SIGMED

6-34

See introduction fo this section for ordering information
*Indicates factory selected value


https://www.manualsplus.com/

Model 4191 A

Tahle 6-3. Replaceable Parts

Section VI
Tahle 653

Reference HP Part jc _ Mfr
; . Ot Description Mfr Part Number
Designation Number (D Y P Code
(31 041918066530 | § { VIO{100=110MHZT) BpArD AgSEMBLY 28486¢ [LFRAET T 1
[OPTION 002 UNIT DNLY3
A3001 0121 =089 ? 1 CAPACTIGReY TRMRe[ER Za8pPF 350V PLuMT( $2763 304324 2/8FF NPO
IS 134 Dibu=3ubs & 11 CAPACITORFXD 1000FF +w10t INYDC CER 28udg glege}ase
L3003 nienw3uts L] CAPACITOR®FXD 1000PF &=10% IKYDL (ER 28480 olb0w3ube
4360 Q16geRubs [ CAPACITOR=FXD j000PF ¢=10% 1XVDC CER 28ud0 Dlb0e3ulh
A3008 01&natUucs [ CAPACTYORFXD 1OCOPF #=10Y IXYDC CER 28480 0140348
L30CH Pleom2249 3 1 CAPALITOR=FXD 4,7PF ¢m,25PF S00VDL CER 28484 Dlbow2349
Aoy Glegmidss ] CAPACITORFXD $000PF +mipXx 1X¥DL LER 28489 Vit0m3dse
Ascle diepegdsy 3 ! CAPACITOReFXD 10PF +=5% SQQVOL CER Je=a0 28dbg 0le0m2ps?
(51,51 J160m2204 b 3 CAPACTITORSF XD j00RF +e5% 300VOL MICA 28480 Cib0w2200
[$1 24 X1 01&0e2285 3 1 CAPACITOR=FXC 22PF +o5X S00VDC CER 0+s30 AT dlanwddes
30418 G180wt48s & CAPACITURRFXD LOOOPF +ei0X IKYDL (ER 2d8ubo U160w3uSe
syolig ClEpw}ete & CAPACTTORSEXD [g00PF ewi0y (XVOL CER 28480 0160%}u%0
a3t tipo=3456 & CAPALITUR=FXD 1000RF 4=50%X 1&yDL CER ELTL 01603450
43GC14 Ni60=T450 [} CAPACITURRFAD 1000PF +w10% INYDC CER 28480 t160w348e
A30C1S YT TLTY & CAPACITOR®FAD LOO0QPF +w10X LXYDL CER 28480 c160w3u58
a3001e LY. T11 [} CAPALITOR=FXD 100BPF +=10% 1uyDE CER 28480 Plb2eluse
dx0C17 GIto=208% 9 1] LAFALITORFXD | oiUF «BCm2uX J00YDL CER p8aso Gledegyss
A30L18 0iBp=|0BL 3 1 CACACITOR-FXD 23uF _-104+75% 25WVERC AL 28480 clBowioBl)
A30C1 e Cledmp05S 4 EAPACITORSFXD  gtUF +80e28% 1G6YDC CER 2Budg 0160%205%
Aloteo 0tboa2055 3 CAPACITORSFYED L01UF +B0w20% JOOVDL CER 28480 0le0wgnsh
Axgp2it 0160=205%5 2 CAPALITORSF XD LG1US +B0wd0X% 100YDL LER 28480 Dib0w2055
[S134-2] 016062055 5 CAFACITURSFXD  p1UF «BOw20% 190VDLC CER 2BUBG 0160=205%
A36C23 Oin0w2iss 3 ChPALITOR=FXD ,p1u® +80a20% 100vDC [ER 28uUBD Q160u205%
A10fpy GihGe) Ay 3 CAPACITOR-FED 33uT -10:=7k% 23W¥GD AL FLUE 1Y 0180=1 083
A%002S G180m0128 s ] CAPACITORSF XD 1UF +80=20% S0vDL CER 284890 0150wpi 2y
L3 {141 BiRewnavi 3 i CAFACITORWFXD jUFywi0y 3EVOC T4 56289 1SpDipsXIpisAe
szop2a? 01%0a0tP) L] CAPALITOHEXD JtUF +80=20% $OVDC CER 28480 t1Spsgyey
Asobae Ni8Gei 83 13 CAPACTTOR-FEND 23uF -10%+75% C AL 2B4AG Glé0omigal
axnlae 01A0m]CAD 3 CEPACTTOR-F3 F =1 GETD £ 284Bg 0180w1083
Axol3v O0iBom) 083 L) CRPACITOR-FRI FRE 2% Al 2Bugo 0180wl 083
430C3) 0i5nei0RY 3 CAPACITOR-FEL 33uF -10:+75% Z5WYEC AL p8aBo N1B0={pB}
k3032 D14Gepn5E 9 CAPACITORGFXD _piuF +80=20% 100VRC CER 28480 GIb0eRO5S
30033 018peinAl 3 CRPACITOR-FXL 33uF -310%+70% Z5WyDC AL ELEL GlB0=i0B%
ATHu34 0isom2055 39 CAPACITORFXD _o1uF +Bow2p¥ 100v0C CER 28ubo 0ibga20%s
(3104 1) 0160=20%5 9 CAPACITOR®FXD ,0iuf +B0w2pXx touyPl CER 28uBe Di60=205%
43pl%e 01502088 9 CAPACITORaFKD _o1yF +80s20X 100yEBC CER 2aasyg Htb0=205%
AIGC3IT GIED-F264 CAPACTTOR-TXD 2087 +-
430CR) Diggmoing 0 1 DIOCE W¥C  Hink O 28%max 1pFive=24) 23480 Gla2mojo9
Axafrg 190lephan 1 1 DIUDE=Sw]ITLHING 30V %9Ma 2N8 DDw3S 2BEA0 190i=0040
A30CRY 1962ap001 é i A1ODE=ZNR 5,11V SX UOw? PO, 4w T0Ea, 009% 2BuBg 190Rw00u1
A3l QT ABBIGNED
a30L2 Fldg=0ish & 4 EOIL#MLD Lum 10% Gu32 L,0950X,2S5{5aNOM 28480 Qludep158
h30L3S GLép=nihb & COILeMLD 1UM 10% 032 L0950X, 2% GatlDM ML FiadmQ158
ARDLU TN 1 3 COTLMLD 1UM 10% GE32 L0950X,25LG6mN0v FLELIY RIUCw0 )58
A30LS GLup=n1%é [ COIL=MLD (UM iIn% B=3e L095DX,2%,GeNDM 28480 Glude)ns
A30LE Filpegild ] F] COIL=MLD JOUH 4% GaB% L 1880%, 375, GeN0M 28480 Glabep] Ly
AY0LT Wludw0i1d 4 CUllL=MiD 10UH 1ox 9885 _1550K 375LGeN0M 2Bubo Gra0=G114
AZCLE ANGG-7247 TRBUCTOR-FXD T1CCH 2 -10% RF CROKE-MOLDED
A304PY G3Bpape0} 3 4 STANDOFFeRYTwON 473w ]NelG duyOTHD aBudp DIBOmO&T]Y
aYompg 2190wut 2 v F WABMER®LK INTL T Ni. 10 ,195«]N=i ELLLL 2190m0124
A3OvFY 2200wni b2 g B SEREWwMACK 4wy ,l12=lNelG 100 DEG g4d0e ORDER aY DEACRIPTION
A3pvPY 2380w0t15 4 1] SCREVAMALK smiz _31dw]Newil FiNweHDaPDII Q0000 URDER BY DESLRIPTION
4304P% ¥950w00TR e 2 NUTwHEXmD@L=GHAM 0032aTdD 06TnINsTHK 2buep 2950=0078
(R LETY 500)=0873 ? ? HLTL.I S001w017}
AgpMPY D4iF w0603 | 3 i SHIELD=BOX 2848o 08i9)epln0}
430%P8 Q41100600 | @ i SHIELDwBOX LT NuUi9impObod
LI0WER 04191eb00312 | 4 { LOVER 2B4BD 041 91wp00i2
LETLS! 125nei220 3 ¢ CONNECTOR=RF BMg M FC S0eDMM 2Budo 1250w gen
dygPp 1256w1220 G LOMNECTORARF SME W PL Sgw(HM pouso 12%0wiged
LR {14 1A5d4wpud2 F4 F] TRANSTSTOR NPN 8] PDmzgpMw FTabooMHZ 284Bg 188Sde92
43002 IR-LE T TH 8 ? TRANGTISTOR NPN 2NSIT79 ST Y0wT2 PDR20OOMA 04713 2N5179
AYp03 1255008 | 1 TRANSISTOR J=FET NelHAN DaMUUE 8J 01295 2NB2us
%111 18500345 B TRANSISTOR NPN ZNBIT9 S1 TOwlZ PDe20OMW 0arT13 ns1te
A3DRS 18%4=0092 e TRANBISTOR NPM 81 PDER{gMM FlmapoMHZ FLETT 1854wpn9e
430p4 185440019 1 1 TRANSTSTOR NPN 81 TOe18 pREBSOMu 28480 LBS4wnn)e
A30R1 DeBla2T18 & 1 RESIg1ORr 270 %% 254 FL yCmalipO/eecd alidt CAETLS
ALORZ Opéleinlds 3 1 QESLVTOR 18 3% ,2sW FC TCe=ddn/ew00 aliel ca1s05
A3HR3 088%3-1035% [ 9 RESFSTOR 190K 3% ,2%% FC TCEa4up/4T700 n1iel CB103%
ATQRE 06831025 | % 5 RESISTOR 1K S% 2% FC TCRwd00/4600 oii2l €8102%
AiORS 0bBlejtis 7 5 RESISTOK 140 S% ,25% FL TCmed0G/+500 oliEs CB10tLS

See introduction Lo this section for ordering information
*Indicates factory selected value
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Section VI Model 14191 A
Table 6-3
Table 6-3. Replaceable Parts
Reference HP Part |c Q o Mfr -
: . t Description Mfr Part Number
Designation | Number D A\ p Code
AspRy 06831038 i REGIATOR joK S% ,2%W FO YCma400/4700 c112y tey0ys
ASORS 0683038 1 REBISTOR 10K 5% 29 FE TLm=40D/¢700 el 81038
£30R9 DoB3a3325 ] 4 RES[STOR 3,34 S% ,2%5% FC TCmahQO0/+700 oliet 433 %]
A30R10 B6RX=332S & RESISTOR 3,3K 9% 25w #C YCmed0Q/eT00 [TE¥ 31 43X
A3OR1L D6B3n3YRS 6 REBISTOR 3,3K $x ,25W FC Tleami00/4700 LIRY §} CB332s
A3pR1Y 06B3w332% ] RESISTOR 3,3K Sy ,2%W FC TCwed0G/e Y00 (IR 3 cugses
ANORYD DEB3ey ¢3S § RESISTOR 10K 5% 2% FL TCw=400/¢700 o124 £B1038
AsQR1d 06831635 ! RESISTUR 16K 5% 259 FL TCwad00/#700 ol12t CB103S
AJORLS 068331035 i REBISTOR §0K 8% 254 KL TCw=d00/eTo0 oilet £e1038
AsoRte DOBI=103% 1 RESISTOR 10K 5% ,2%W FL TCwad00/4700 01121 £8103%
A3OR17 06833035 1 RESIBYOR 10K %% ,25# FU TOWadgG/+70D o1l LBi0sS
ASOR1B nodlefnid 7 RESJATOR 100 5% 25~ FC TCmsd00/¢500 ol1dy CBIUES
A30R1S be83el02% 9 RESIATOR 1M 5% 2% FC TCemubi/eb00 01184 CBi0ay
A30R20 0b8)uBb08 9 2 RESYSTOR 56 5% 254 FL TLanb00/4500 01184 85409
[31:LF 3 065321015 ? RESISTOR fpo 5% _25W FC T{mabdg0seS00 01124 £By0is
A3oR22 vo83=561% 1 3 RESISTOR So0 5x 25K FC TCReduO/ebo0 0i18) CBY&1S
A30R23 [T TS L] RESJSTOR & S% . 2%w F{ TCawd00/+%00 03121 585605
A30R24 0683wi0l% 1 REBTSTOR 1ok 5% 250 FC YCwedgQ/¢T00 o112 CB1ods
AXoR2S [LLASFYEF1] 3 ; REBISTOR 2,2Kk 5% ,&5W FC TCewd0o/e700 ol1ds CBa2as
ISTLETY DE81nSE1S ] RESIBYOR S50 SX .25 FE TCuwu00/4000 o512y 41TV} 1
A30R27 [TLI 19 1 RESTUTOR 560 5% 250 FL TOwsdg0/+600 [TRY 3 LBSHES
AyoRad 0658-3441 7 i RESTSTOR 215 1% .T125W F TC=G+-100
k3pag9 0757-0420 9 t RESTSTOR 750 1% .125W F TC=0+-100
A30R30 06BE3eiuds 9 RESISTOR 1K 5K _28W FL TLmed0g/eb00 IRY 1 CBjoes
ATORSS [T YT ? ¥ REBISTOR 4,6k 8% 254 FC TCw=i0g/e700 o112 Chos2s
AS0R32 oob3apfs £ H REBYISTOR o800 5% ,2%w FC yLmeldgo/sebogp ol3d! CBsBiS
A30R3Y poB3apBY 5 RESIBTOR 680 9x ,2%% FC Tome=dpb/se800 oll2i CBe81S
A3ORNY 0683m101S H RESISYOR 100 5% 25w FC Y{medon/+300 21131 43331 ]
L30R3S 0BG Yey 238 3 t RESISTOR jak 5% 258 FC TCRadgh/+800 t112y £B1238
ABDRSS 06831525 4 5 RESISTOR 1,%% 5% 254 FC TCwwd00/+700 ol12y cBi528
A30R37 0683ag51% 2 t REBISTOR 150 S% ,35% FC TCRadg0/+600 ciiy 135311
A3ORIE ouddeints Y RESBISTOR 100 5% ,2%% F{ TCmadgoseSoyp el CBLOLS
A30R%S 0683ubaRY 5 [l RESIBTOR 5,6k 3 ,25¢ FC TCawagp/étoo o§121 CES8RS
A30U1 in2peiing H 2 EC CNTR TYL LS DELD ASYNGHRO 0529% ShTdL 890N
A30UR 1820m1383 H t IC CNTR ECL BCD POS«EDGESTRIG o4rEs HCEoi3aL
A30UY 1820w0630 3 t IT MIBC TTL oRTEY Mbunaap
L3 {1 1B2p= A4 1 16 CNTR TTL LS BELD ASYNCHRO 61295 SRT4LB2YON
A30US 18280319 1 i IC 0P AMP  TOw9d 27014 LFySoH
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Model 41914

Table 6-3. Replaceable Parts

Section V1
Table6-3

Reference HP Part |c e Mfr
: A Qt Description Mfr Part Number
Designation | Number (D Y p Code
(31 P19 wb 53] | 4 1 100MZ STEP PROGRAMMABLE DIVIDER 28480 [TSRITT L b
(OPTION 002 UNIT ONLY)
A3101 Dlep=lute 3 12 CAPACITORSFXD 1pg0PF +wi0X 1KYDL CER 28480 0le0=3456
A31CR Glede3uls [ CAPACTYORWFXD 1000PF emi0% IKYDL CER FLETT] 0Lb0w3u%e
A31C3 Olag=Yise [ CAPACITORFXD 1000PF ee=10% 1XVDC CER 28u8) 0le0mE4ns
A31C4 el6De3456 b CAPACIYGR®FXD 1000PF +=10Y 1KYDL CER 28480 [FTLLETETY
43108 t1e0=3456 N CAPAEITOR«PXD 1000PF +=10% 1RVDC CER 28480 0ib0a3use
(33313 0lbbwiise 6 CAPACITORFXD 1p00PF +wj0% 1KVDL CER 28480 Clenuduls
A31LY [STTIS YL & CAPACITOR=PXD 1000FF 40X 1KVDL CER 2848p ni60w3aste
AsLCe G1oom3056 & CAPACITOR=FXD {000PF e=10% 1KVOL CER 28480 Glo0a3i5e
A3LLY Q160=3458 [ CAPACITORSFXD §0DOPY +oy0X 1HVDL CER 284Bg Glag=345s
13gl10 0160=3456 6 CAPACITORWFXD 1000PF +m50% 1NVOD CER 28460 01edw3ube
[S13481 0160m3458 & CAPALITURFXD 1g00PF #+w10% 1KVDL CER 28480 pleO=3456
a31g12 01e0=3456 b CAPACITOR=FXD 1000PF +»10X 1KVDG CER 28480 0160m3k%e
iyg13 C160=2055 9 { CAPACITORFXD ,0fuUF ¢Bpa=2u® 100VDC CER 280480 0leGe205%
A31C14 0$80=1083 3 1 CAPACITOR-FXD 33uF -10%+75% 25WVAC AL FLYLT] 0180=1nE}
A3iLR1 §9¢ w0000 2 DIODE«SwITEHING 30v SovMd ZNS DOel® 2848¢p 1S0l=ppie
A31LR2 1901 %0040 DICDE=BAITCHING 3p¥ SoMi N8 DO=35 2848q 1901=6040
a3iL) 914p=0158 & t COILeMLE 1UH 10X Gu32 ,095DX,25LGeNDM 2ata0 [TULLT IS T
AMIvElD 21900124 4 1 WANHER®LK [NTL T NOy 10 ,19%=INelD F-t114 21%pw0 2l
Azp Py 23b)moild u 3 SCRENLMACH $a37  312ulMeiG PANaHDPOZ] 00000 URDER 8Y DEBCRIPTION
A3ivple 29500078 ¥ 1 NUTwHEXmDBLwCHAM {0n32wTrD ,06TeIN=THK 28480 29%0w007S
hyyupyy Se0lwe1?3 ? H 28480 S5001e0i?3
A3IMPLY 0419160018 | 5 1 COVER 28480 04§9leprold
434P1 12501200 ] 1 CONNECTORRRE 8Mp M P S0=0HM 28ubo (250w 220
318 06838005 9 $ RESTSTOR 56 5% ,25W FC Trawd00/+500 01121 ca%ens
AS1R2 D&B3e2225 3 1 REBISTOR 2,2k 5X ,25W FC TCRmdyg/eTo0 01121 cazees
A31R3 o683a5625 3 H RESISTOR 5.0k 5% ,238 FC tCRau00/e700 o1yt 2171
31y 1820=1248 5 i 1C PREACH ECL 0aTLd MCE201 3L
[3 10 fa2pwigoy 4 1 IC GATE TTL LY WAND DUAL 4=]NP 0129% ENTULB20N
Ay1us 18201112 8 i IC FF TTL LB DaTYPE PDSEDGEwTRIG 01298 ANTULBTUAN
A3iuk 1820m1431 4 ] IC CHYR TTL L8 DECO BYNCHRO 0129% SNTULST624N
A31US 1820w] 431 [ IC CNTR TTL LS DECQ SYNCHRO 01295 INTULS162AN
A31ie 1E20w1433 ' IC CNTR TTL LB DECD BYNGRRC 01295 BENTULS e2AN
A3IV7 18201431 L] IC CNTR TTL L8 DECD SYNCHRO 0129% SNTULEL62AN
(L3 18201433 [ 2 IC 8HFWRGTR TTL LS Rud SERIALeIN PRL&DUT 01295 BNTULBbUN
AL1US 1820w t33 3 IC SHF=RGTR TTL LS Red SERIAL=IN PRL=0UT 01295 SNTULS16uN
As1ULe 1820wt 431 & 1C CNTR TTL L8 DECD SYNCHRD 0129% ANTULBL 62N
LY STTERY 182¢wintt L] i IC SCHMITTQTRIG TTL L8 INV HEX {elNP 05298 SNTULBYUN

See introduction to this section for ordering information
*Indicates factory selected value
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Section VI

Model 41514

Table 6-3
Table 6-3. Replaceable Parts
Reference HP Part |c| o e Mfr
: ) t Description Mfr Part Number
Designation | Number [D| =Y p Code
Av2 ga191a8b5%2 | 8 1 SUMMING LOCP LieCult BOARD ASSEMBLY 28uBp Ul epnS32
CORTION OfQ UNIT ONUY)
(31141 G18p=na0t 3 1 CAPALITOR®FXND tUF+=E0Y 35VOC T4 56289 150105905542
hyace 0lbow2%08 5 1 CAPLEITORFAD 30PF +wSX 300VDE MILH 28ubn 160m2308
43203 1602055 9 19 CAPACITOR=FAD ,01UF #BOw20% 100yDL CER 28480 0160m2055
a3204 G1B80s1083 3 14 CAPACITOR-FXD 33uF ~103+75%5 25WVDC AL 28480 Gli0m148d
Ax2Cs 01801083 3 CAPACITDR-FXD 339F -10%475% Z5WVDC AL 28480 01&0=]083
hyzte 0180-108% 3 CAPACITOR-FXD 33uF -10%+75% 25WVDC AL 2Bado 0i80=i083
[LFis) 01560ni 083 3 CAPACITOR-FXD 33uF -10%+75% Z5WVDC AL 28480 oLBGe1RAY
I3 1] 01602055 ] CAPACITORAFXD ,a3UF +B0w20X 100VDC {ER 28480 GLACmdnsS
L3200 0tbn=2055 L] CARACTITORSFXD L0tuF +B0e20X 1aovDC LER 28480 0E0m2055
Ax2lyo 01abwyusy & 3 CAPACITURWEXD j00DPF +wi0X 1KVDL CER 28480 [T LLETET
IS i 0160m3456 6 CAPACITOR=FXD 1000PF +w10% IKYDL CER 28489 0160=3456
Asetii 0l60e20%5% 9 CAPACIYCRwFXD ,0tUF +BUe20X 100¥0C CER 28489 0lb0m205%
L3241} 01BN=1DBY 3 CAPACITOR-FAD 33uF -10%+75% 28480 [FLTEEN )]
byglfu 01B5=30R3 3 CAPACITOR~FAD 33uf -10%+7 28480 0lage10al
[AFisE] 01BOw108Y 3 CAPACTTOR-FAD 33uF -10%+75% 28180 QLBCm1O8)
Asgite 0160«20%5 9 CAPACITOR=FYD ,01UF +B0e20% 100vOL {ER 28480 0in0m205S
hy2la7 J1e0=20%% 9 CAPACTITOR#FXD ,q5UF +80m20% 1G0VDC CER abubo 16022055
aypté [ETTLETLT) b CEPACITOR=FxD 1000PF +=10% {XyDL CER 28484 G160=3458
aL2te 1150ep121 5 i CAPACITOR=FXD ,LUF +80e20X SCvDC CER 28480 c150=0121
Ayatzo G1bo=2058 £l CAPACITORWFXD _p1UF «80e20% 109vRDL CER 28480 1602055
diatay 0LB0=108) 3 CAPACTTOR-FXD 33uF -10E+75% 25WWDC AL ELET.14 G180=1D83
At 0160=088% 3 1 CAPACITORGFXD _33UF sa}0y ROVDC POLYE 28480 0leg=0889
[y ritsi 016082085 9 CAPACITORFXD ,01uF +80m20% 100¥D( LER 28485 Globegoss
ISFIT U1bp=20%% 9 CAPACITORWFAD _n1UF «B0=24% L0QYOL LER 28a8p [T T LY L
ay2tey 0160=20%5 9 CAPACITONR®FXD ,01uF #B0«20% 109VOC {ER 28480 0kb0w20%S
(3 1440 01801083 3 CAPACITOR-FXD 33uF -T0%+76% 25WVDC AL 28u8g 0LB0m1083
Ay2L27 0160m20%S L) CAPACITORSFXD _0iuF ¢80s=20% 100v¥DC CER 28480 QlbabeEpss
AlzL28 01B0=2904 H) ! CAPACITOR=FED A4TUF+=20X% 50VDC Al 28480 Ni80wgonn
h32le9 0160=205%% 9 CARACITOR=FXD _p1uF +80=20X (pov¥DC CER 28680 95002055
A32010 B1bo=20%% 9 CAPACIYORFxD _piyF +R0w20X 10OvDC CER P11 Ci160w2058
4320141 01A0m3083 3 CAPACITOR-FXD 33uF -10%+75% 25WVDC AL 28usop [ ETLITTH
32032 D140w1083 3 CAPACITOR-FXD 33uF -10%+75% 25WYDC AL FI.IT-1 GiRGw]0BY
A32033 0160=205% 9 CARACTITORF XD _o1UF +8CwzoX to0vDC CER 28480 Gleom@oss
[ ¥i1a Ll 0180=20%5 9 CAPALITORFXD ,0i1yF +80=20% 100vDL CER 28480 0)60e2055
32035 0140+1083 3 CAPRCITOR-FXD 33uF -10%+753% Z3WVLL AL 28480 T LTINT ]
1250 D18ga1083 3 CAFACTTOR-FXD 33ufF -10i+75% 25WVDC AL 28uBD ti{Boe)oR3
A32C37 0180e1083 3 CAPACITOR-FXD 33uf -10%+75% Z5WVDC AL péanp G180m]0BY
h32Cye 0lboe?0SS 9 CaPaCITORSFXD ,pIUF +B0w206X 100VDE CER 28480 Gl60m205%
W12C39 0Lbped22s 5 2 CAPACITORFXD Zo00PF +wBx J0OWVDC MICH RBUBD Gleamg2as
Ay2Cu0 01602228 5 CAPLCTITOR=FXD 20p¢PF +=5% 30QVDC MICR 28480 D160%222%
azacuy 0§a0e20%8 [3 CAPACITOR=FXD ,01UF +gl=20% §00YOC CER 2gba0 01a0m2055
43204 0Lbom2DSS 4 CAPACITORSFXD _0lUF #B80w20% 100VDL CER 2BauBo 0la0e2p5%
432¢043 [F1 LTIk 11 4 CAPACITORFYD ,01UF #80=20% 100VDC CER ELTLY] 01602055
AJ2CRY 19010040 1 & DIODESWITCHING 3oV %0Ma 2NS DO=3S 28uBo 19p1=004d0
A32CRZ 1902=0044 4 1 DEODEmINR §,11V 5% DUeT POR, 0W TCSa 009% 28480 19020041
AS2ERY 90223149 9 2 DIGDE=ZNR %,0%y 5% O0m7 PO®, Um TCWe 057X 28480 t92s3) 69
A3RCAL 190 =040 § PIODE=SW]ITCHING 30V SoM4 NG D035 28480 190i=004y
LI2LRY t901=g0a0 3 DIODE=SWITLHING 30V SoMa 203 DDw3S FLYLY 1901 «0040
ASRCRE t90) w0040 1 DINDE=SAITLNING 30V SoMA AN ple3d 28480 1901=0040
AyzLAy 1901 =p009 i DIDDERSWITLHING 0¥ S0MA N8 DO0a)S 28489 1901%0040
AY2LRE 1961=0040 1 DICOE=SWITCRING 3ov S0MA NG DGelS 28480 L90l=tc40
A32CR9 19623256 9 1 DICDES2ZNR 23,7V 5% O0n? POUS dW TCEe 078X 28u80 1902m3258
AZ2CALD 19023149 9 DIORE«ZNR §,09V 5% OGm? PUm AW TOW4,GSTX 28480 1902m314%
A3z2E 1906e023% b 1 DIGDE MINER 28480 190620235
(5T IR 91400158 [ 1 COIL-MLD fUR 1pX% GE32 930K 25LG.NOM 2Badg Grugensa
L3212 F1o0e2247 4 1 ColLamlD 1008H 10% 2E%4 Q950K ,25LG=NOM 28480 SLp0=gga?
A32L1 914001 tu 4 3 COIL=MLD 10U 10X Gr8S L 1550X,375LGeNUM 28480 GLud=0114
A32L0 LILITTIRL] u EOTLaMLE 1GUR 1gX G88% 1550, 378 GaNOM 2buso Flugedla
hyels F10puinlB 1 2 COILaMLD S,bUH 0% w35 155DX, 3T5LGeN0OH 28480 9intelell
L3FLe F140m0t 14 4 COILMLE juU# 1py 9m8% 155DX 375 GaNOM 28a80 LALLETIRL
AT2LY i 0pwiblA 1 COYLeML S,bUM 10X Fu45 ,1850X, 375, GangM 28480 GLO0=1p18
A32upy 21%0mgi 24 u 2 WASWERwLK INTL T NO, 10 ,195sIN=]p 28480 HELLLIYL
IS FLLE] 23600115 4 3 SCREWMACH 6+32 ,312=iNwlg PaNeupsPDT] 00000 GROER BY DESCRIPTION
A32vP} 29500078 9 2 NUTwHEXwDBLmIRAK [Dad2eTAD ,GbTwlNmlsK 2Bado 29%penpre
AJZVPY 50010173 Y 2 28480 4npl=ni’3
AZ2UPS 0Ul91eblOll | 3 ! COVER 28480 04191 =64011
Ayp?y 1250=1220 2 3 CONNECTOReRF 4L M PC SgeOMM 2Budo 1280e1220
A3aP2 1250m1220 o CONNECTORRF 34C M PC SoeDHM 28480 1250w1220
L32P3 1250=1220 [ COMMECTOR®RF 3MC M PC SpwQmHs 28480 12501220
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Model 4191A

Table 6-3. Replaceahle Parts

Section VI
Table 6-3

Reference HP Part (¢ e Mfr

: . Qt Description Mfr Part Number
Designation | Number |P Y crp Code

A3204 18540130 8 1 TRANSISTOR NPN 51 PD=350MW FT=4,5GAZ 28480 18840130
A32qe 1854e00T1 7 H TRANSISTOR NPN 81 PON300OMK FTe200MKI 28480 185awp07]
45233 tBS3Im0020 4 } TRANSISTOR PNP 81 POR3Q0¥N FTw1S0MHZ 26480 18530020
3240 1854w0071 ? TRANSISTOR NBN 57 POBSO0OMN FTRZOOMWI 28489 1854w0071
A3y 0eB3w1 035 1 [ REBIaTOR 10k 5% ,250 FL TCmedp0/+700 o1tel to14)%
AI2R2 0683uy035 1 RESISTUR 10K 5% ,25# FC TCM=400/4700 a1t2e cB103%
A32R) 00831025 9 5 REBISTOR 1K SX ,36W FL TCE«dQ0/+b00 (3BT 3} Coioes
ASZRY 0683ail 28 2 1 RESISTOR 4,7k 5% ,25W FC TCemd400/4700 o112 CRUTRS
AS2RS 0L83m1555 2 3 RESISTOR 150 Sy .asw FC TCRad00/4600 IR 3 CB1S1S
A32R0 0683=390% ] 1 REQISTOR 35 5y ,2%W FC TCwed0o0/4+500 012t CB3905
AS2RT QoBIwi1S ? RESISTCR 150 5% 25K FC TCawdQ0/+000 pitzl LB1%515
A3ZRB 6dl=)025 L) RESIATOR 1k %% 25N FC TCmed(0/4600 [IST 1) £910¢%
ASZRY 0683w3325 & 1 AESIBTOR 3,3K 5% ,2%% FC TCeed00/+700 ny12e [4.3314]
A32Rio 06834735 [ 1 RESISTOR 47K 5% ,2%0 FC TCmeyp0/+800 o1zt CBaTiS
A32R1Y 068342733 0 H RESISTOR 27X Sx ,2%¥ FC TCRed00/+B00 op12y £82735
A32R12 0682a273S 0 RESISTOR 274 5X ,2%% FC TCWs400/+800 DH1ZL CA2TIS
A32R 3 06831055 5 1 REBESTOR |M Sx ,2%W FC TCwBOO/+%00 015kl CBLOSS
Ad2R1e 06831518 2 RESESTOR 150 SX ,25W FC TCA400/+600 or1t ca1s)s
Ay2mys 06831015 ? t2 REGISTOR 100 Sx ,2%% FC TCwaioo/e500 [ AR T-48 £81015%
A32R1b 0683.103% 1 REBIATOR y0K 5x 254 FL TCwedgo/+T00 01121 CBolS
IS TLIN 0683u102% ¥ RESJSTOR ik $% 250 FC TCWsd00/74600 nilét CB1ORS
A32R16 ¢683=101% T RESIATOR o0 5% 250 FL TCwmedgos+500 01ty C81015
A32819 06836845 1 1 RESIBYOR &80k 5% 25w FC TCweB00/+900 olidl CBLBUS
A¥2R20 0683a104% H 1 RESISTOR jooK 5% .25* FC TCmatp/*840 6112 CByo4s
A32R21 LTY LT AL [ H RESBISTOR 4¥0 S% ,25% FC TCmea00/4500 oitel CBUTIS
YL T FELITL TN i ] RESISTOR %60 5 ,2%W FL TCwa4p0/+600 o1iet 13
A32R23 0483m2725 L] ? RESISTOR 2,7x 8% ,¥%% FC TCaed00/+700 ol [2:F3r1]
A3zRed peBle392% H 1 RESISTOR l.vk Ky 25K FC TCmwmiigseton ol1dy CB39Rs
A32R2% 06B3ay0l8 7 RESISTOR 100 5% 254 FC TCawd00/4500 ot1al cB101S
A32R26 0883esB18 H i RESISTOR 680 X 258 F( TCR=400/4600 o112y cB681s
A32R27 06832205 9 3} REBISTOR 22 5% ,25W FC TCwmd00/e500 al12i CB229%
A32R28 06B3e220S 9 RESIBTOR 22 5Y ,25W FC TCawk(0/+500 oty cB220%
A3ZR2% 0683w220% 9 RESISTOR 22 5% ,25W FC Yimed00/4%500 01121 tB220s
A32:30 06831015 H RESISTOR 100 5% 258 FC TCwe400/+%00 31421 (331311
A32Ryy 06B3e1038 1 RESTSTLR 19% 3% ,2%W FC TCEaiuoh/4700 nligl £Bi103s
32832 D68Y¥a1515 b 1 RESESTOR 15K 5% ,25w FC TC=meldpg/e800 o1idl £81535
A327%3 [TY-3CIE 21 1 RESISTOR 10% % ,2%% FC TCawaQ0/e700 BT ] £L81055
SYLIT P6BY22235 5 ? RESESTOR 228 5% 2%~ FL TCwadpos#B00 oLt C82238
A32R3S Do83e27Y5 0 RESLSTOR 27k 5% 254 FL TCawd0O0/+300 L1t £a2rls
A32R%6 0683e102% L] RESISTOR LK 5% 25K FC TCwwd0p/4800 oll1 CBLORS
Ay2RY7 0683muT15 ¢ RESISTOR 4T0 Sx 259 FL TCuwdp0/4600 oLl c8471%
A32RIA peBlei0ls 7 RESIBTOR 100 5X ,3%4 FL TCewd00/e500 oit2} caiels
A32RI9 05B3-1015% 7 RESISTOR 100 %% ,25W FC TCwed(O/e500 i1l CBiOLS
A3ERuc 068321915 [ 1 RESISTOR 390 SX 250 FL TCmel00/eb00 eyt2! ce391Y
ASRYY eB3a100S 5 1 RESTSTOR yp SX 250 FC TCwedgp/eS00 01121 CBiony
A32R42 0683m2728 [ REBISTOR 2,7% 5X 254 FL TCHw&00/¢700 01121 teares
A52843 0483wl 03y 1 RESISTOR 10K 5% L25% FC TCmedGo/+700 0111 CB103%
ISYLIT] [ TLA YR k1] i RESIBTOR 10K 5% 25w FC TCw=q00/+700 o1y L8103%
AT2R4S 0683=B20% i H REGISTOR B2 5% ,25W FC TCe=uGo/+500 03121 LB820%
A32Riy Oahlelnls T RESISTOR 100 5% 290 FC TCe=400/+800 a1i21 CB1Gls
A32R47 26838205 ] RESTATOR B2 5% ,2%% FL TCwmdno/e800 0118l CBBLS
IS FLIT] 06h3e2T1S b 4 RESISTOR 270 SX ,2%W FC TCRmiQO0/4600 o112 c8271g
AX2R49 06631805 ] H RESISTOR 18 SX ,BSw FC TC=ad00/#500 o112t te1805
A32RSy 0083u27§S b REGIATOR 270 5% ,2%% FC Tlswhpy/4600 [T 3! [-F2L]
A32RS1 DosYetlds 3 RES1STOR LK 5%  25W rc TCHs400/ 4600 op12 LaLoas
A12RS2 D6B14273% 0 RESISTOR 27K §% ,2%% FL TCwedQ0/+BOO o1l 82739
A32RS2 0168302735 0 RESISTOR 27K 5% ,25W r; TCrwuQ0/ 4800 obiét CH2TM
A32R5Y 0683m1 035 1 REBISTOR oKk 5% ,258 FC TCwalipd/+700 or1dt LBLo3s
AB2RSA D683m2235 5 RESISYOR 22K 5Y ,25W F( TCumigy/+800 ai2y CB2238
A3ZRES 068310158 7 RESISTOR 100 5% 25w FC tCEwl0/+500 t1121 CByoLS
A12R%6 06831015 7 RESISTOR 100 B% 25% FC TCweuGO/+%60 ¢yig1 [1-TL L]
A3gREY 08BRa101S 1 FESISTOR 100 SX ,2%« FC TCmedQiseS00 g1t £8101%
A3ZRES 0683w152% [ 1 RESISYO® 1, sx % ,A5W FC TCemabO/+700 01121 CB15RS
A32RE9 06811215 3 1 RESISTOA 12K 5% LS4 FC TLEmGQO/4800 g1l C81235
A32Re0 D683 015 7 RES1STOR 100 $% ,2%% FC T(ewapo/*5a00 01121 tBygts
[ TLLT] toB3e101% b4 RESISTOR 100 %% ,a%y FC TimadposeSoo o118t $B1015
A3R2Rp2 Go83ug40Y ] 1 RESISTOR 66 5X ,#5N FC TCs=d00/+%500 o112y $85605
[FELLS) 0683a2715% b RESISTOR 270 S% ,25W FC TZm=d00s4p00 o112t (82718
[} 217 ] p6BIel 808 3 RESISTOR 18 8% 26w FC TCwd00/¢500 n1121 CB1BoS
h32ReS 0683e2T15 b RESISTOR 274 %X 254 FL TCewdgds4600 o112y tBanis
32U 1820wy} u % IC MY TTL LS MONDBTBL RETRIG DUaL 0129% aNTULSg2IN
A32u2 1820=0630 3 ! IC MISC TTL 0uTLY AT
AX2U3 18260210 1 1 1 COMPARATOR mW§ 14=DIFPeP 27014 L3N
ay2u4 1B2ow)ii2 8 ] 10 FF 1T LS DutYPE POSWEDGE=TRIG ¢129s ENTULBTUAN
b32u% 1B26w0229 [ H IC OF AMP LUW=DRIFT T=99 066685 uPedSCY

See introduction to this section for ordering information
*Indicates lactory selected value
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Section VI Model 41914
Table 6-3

Table §-3. Replaceahle Parts

Reference HP Part |c A Mfr

Designation Number |D Oty Description Code Mfr Part Number
Axpid {R2eedi 3% L4 1 IC 0P aMP GP DUAL BeD]FeP 91928 3311

Ax2uY 1R2beng2 8 1€ (P ARP LUW=GRIFT TQO=99 gobeY OP«0SCJ

See introduction to this section for ordering information
*Indicates factory selected value

6-40


https://www.manualsplus.com/

Model 41914

Tahle 6-3. Replaceable Parts

Section ¥]
Table. 6-3

Reference HP Part ic c Mfr
. ’ Qt Description fr Part Number
Designation Number (D Y P Code M €
£33 0859166533 | & t YTO (250=500MHZ) BOARD ASSEMBLY 28480 04191-085%3
(OPTION 602 UNIT QMLY)
K330} B160=205% 9 13 CAPACITORRFXD ,01UF +80e20% 100VDC CER 20480 0160-20%5
[Y314] 0160e2055 9 CAPACIYOR=FXD ,01UF +8Ce20% 100VDC CER 28480 0140m2958
43302 016002055 9 CAPACITORWFXD ,0tUF +80w20% 100VPL CER 28480 G160m205%%
A33C3 0160»205% 1] CAPACITORSFXD ,01UF +B0=20X 10OVDL CER 284Bp t160=203%
a33lu 0560w20%5 ] CAPACTTORRFXD ,01UF +80e20% 100400 CER 28480 216092055
h33C8 Dlbowzost ] CAPALITORRFXD L01UF +80e20% 100YOC CER 28480 0160=2055
13110 B180=2058 9 CAPACTTORFXD ,01UF +B0e20% 100VDC CER 28480 0ib0e20%5
(334 G160%20%% 9 CAPACITORRFXD ,0iUF #80s20% 1GOVDC CER 28480 24160082055
A%3CA D160w2085 9 CAPACITORSFXD ,0LUF +BO=20% 10HV0E CER 20480 160e20%8
(83144 0160m2055% 9 CAPACITORWEXD ,0tUF +80a20% 160YDL CER 28480 0150m2058
A33C10 01603878 [ 12 CAPACITORFXO 1900PF =20y 100YDC CER FLITL] 0ia0m=38T8
A33LTS Gin0w38TA & CAPACITORSEXD 1000PF +#20% 100VPC CER 28480 fls0=3878
A33Cs2 01603878 & CAPACITORWFXD y00oPF #+=20% 100VDC CER 28489 G160a3878
A3 3 2160=3878 [ CAPACITORFXO 1000PF +w20% 100vOC CER 25ubg Dlbom3BTS
ASICEY tiededala & CAPACITORSSXD LDQOPF ¢=23% 100V0C CER 8480 J160m3874
433515 C1epe3878 & CAPACITOR®EXD 1000PF +=20% 100VDC CER 28480 01e0m3ATS
(33147 0160e3878 [ CAPACITOR«FXP 1000PF +e20x 10QVDL CER 28480 0lb0e3aYE
A33LLT Dis0=3B7H 6 CAPACITOR=FXG $000PF +=20% 100WD{ CER 28480 0160e3sTE
(33141 ] [FEICTLEL] H i CAPACITOR#Y TRMRwAIR 1,3e5,4PF 250V Tu970 187w0303mi05
A33C19 D160=3878 & CAPACITOR=FXD 1000PF +220X 100YDL CER 20480 0160m3ATE
A33c20 0160s3879 T 3 CAPACITQR=FXD ,01uF +=»20% 100VDC CER 26480 0140e3879
Ax3Lal 01603877 5 ? CAPACITORSFXD 100PF +e20% 204VDC LER 28480 $180=3877
A33022 01b0e3873 1 1 CAPACYTOR=FXD 4, 7pF ¢«,S5PF 200VDC CER 28480 T16h=3BTY
A33C23 01503874 2 3 CAPACITURWFXD {gPF ¢ ,5PF 290VOL CER 28486 pi60m3874
A33C24 016pwis?2 [] 1 CAPACITORGFXD 3,2PF +e,25FF 200¥DL CER 26480 G140=3872
A33C2% 0iboe2236 L} 1 CAPACITORFXD 1PF 4w, 25PF S00YDC CER 2B48p 018092236
A3EC28 DibG=20%% 9 CAPALSTOR®EXD ,01UF +BOw20% JOO¥DL CER 28480 0180m2058
433026 0180a2079 ] 3 CAPACITORWFXD 220UF4w20% 16VDC 4L 28480 18092978
alicas 0160=3879 7 CAPACITOR=FXD ,01UF +=20% 100¥DL CER phalip 0160a3879
[3 314 F1o0=IETY Y CAPACITORWFXD L a1UF +=20% 100VDL CER 2ha80 014003879
Ay3C30 p1hge36877 H CAPACIYORwFXD jogPF +=2pX 2po¥DC CER 20480 0160"3877
AB3LYS 0ibpe3BTT H CAPACIYORFYD |00PF +=20X 200vDC CER 28489 01603877
433432 D)e0eRRU4 8 1 CAPACITORFXD 3AF +m,2%PF 500VOC CER 2BUBg 160=2244
A33C33 0160e3878 & CAPACITORFXD 1900PF +e20¥ 100VDC CER 26480 0160w3876
A13L34 01603879 7 CAPACIYOR®XD ,0fUF +=20% 100vDC CER 25450 Dl6b=3879
33038 01602253 9 1 CAPACITORWFXD 4, BPF +e,25PF $00VDC CER 28u6p Die0w2253
ABLNS 01603877 5 CAPACITRR=FXD 100PF +=20% 200YDL CER 28480 D180w3877
A330Y? D160=3879 7 CAPACITOR«FXD _giUF +w2i% 100VDC CER 28489 0160m3aTY
A33038 tis0e22% H 1 CAPACITORSFXD §,1RF +w,25PF S00VDC CER 28480 0ieleR25e
A33L39 D1s0=3874 5 CAPACITORFXD 1000PF +=20% 100VDC CER 28480 0lehm3aTe
(35141 0160=3875 3 1 CAPACITOR=FXD 22PF #=S% 200VDC CER Genwll 28480 01603875
A38C4Y D160=3877 g CAPACITOR=FXD 100PF #w20% 200¥DL CER 28430 014003877
Ay3L42 0jafteis?? 5 CAPACITOR=FXD {00PF +e20% 200VDC CER 28480 01p0=3877
435043 0jb0m38Ta H CAPACITOR=FXD 10FF #w,5PF 200YDC CER 28480 0lb0=3874d
As3cad D160e2241 H ! CAPACITOR=FXD 2,2PF 4e,29PF So0VD( (ER #BuBp Cl60m2244
ASICAS 01603877 H CAPACITOR=FXD FOOPF #w20% 200¥D{ CER 28480 0140n3877
[$31ETY pibp=3nre ? CAPACITOR=FXD ,0tUF #ws2o% 100VOC CER 28480 0160=3879
(3311 0180=36T8 s CAPACITOR® XD ;000RF +w20% 10uyDC CER 28080 tlk0e35878
A33Cap Clpdelavé 2 CARACITGReFXD 10FF #m,SPF 200vD( CER Z8HAD 0la0n3g7i
33049 0160w2085 L] CAPACITORFXD ,0fUF +BOw20% 100VDL CER 28480 18002055
433080 Q1p0=208% 9 CAPACITOR®FXD ,0iUF +80=20X 100VDC CER 28480 0ip0=2055
A3388) 0160m2979 [} CAPACITORaFXE 2200F+w20% 16VDC AL FTITY 0180m2878
A33C82 0180=1085 3 t CAPACITOR-FXD 33uF -10%+75% 25WVDC AL 28489 0t80wi0B}
433453 31802919 ] CAPACITOReFXD 220UF+=20% 14YDC AL 28480 0180w29TY
K334 D160=3819 7 CAPKCITORRFXD ,0IUF #m20% 100VDG CER 28480 0letw3BTe
A3NCES Dib0a3479 7 CARACITOR=FXD ,n1yF +e20X 100yDC CER 20480 D1aGu3aTe
A3xlse P1p0=35879 7 CERACITORSFXD _01UF +w2QX 100VDC CER 28480 [ETSI3 TAL
433CRL 0i22e0109 0 [] DIODE WG High Q 28vmax 11pF(Vr=3V} p8uBD B1ga=0t0e
A33ERE PE2200109 0 DIODE YVC High Q 28Wmax 11pF(Vr=3V) 28480 t122=0109
AIIERD 012240409 ¢ DIODE ¥VL High Q 28Ymax 11pF{Vr=3¥) FIYLY] 01220109
AYICRY 0122=050% ¢ DIODE WL High Q 28V¥max 11pF{¥r=3¥) 28480 0122=0169
A3ILRS 01220109 0 DIODE YYC  High G 28Vmax 11pF{¥r=3V) 28480 01220109
A3ILRE 012200109 [ DIODE WYC High Q 28¥max T1pF{Vr=3V) 26480 0122=0109
AV3CRY 0122=010% ¢ DIGDE VYC High O 28¥max T1pF(Vr=3v) 28480 0laded109
A3ICRE 012R=030¢ [ DIGDE WYC High 0 28Vmax 11pF(Yr=3¥} 28480 pigdwpine
AZICRY o122=0072 & i DIODE=VYL 2,2PF 5% [3/028eMiNed,5 04713 BELDSB
A33L1 9100a2247 & 11 COLLwMLD SQONM (0% G834 ,095DX,25LG=NO¥ 28ad0 91002247
AS3LE 9100w2247 4 COIL®MLD 100NM 10% Qudd ,0950X,25LG=NOM 28480 9100m2gu?
AS3LY Yi00=2247 4 COlLwMLO 100NH 10% @u3d ,09%0%,25LG=NOM 28480 9002247
ABILS F100w2247 [ COLL=MLD J0ONH 16% Q34 ,095PX,25LGeNOM 28480 Sto0=2247
A3 9100w2247 ] COILwMLD 10ONH 10% Qw34 ,C95DX,25,.6=N0M 28480 100=2347

See introduction to this section for ordering information
*Indicates factory selected value
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Table 6-3
Tahle 6-3. Replaceable Parts
Reference HP Part |c A Mfr
: g Ot Description Mfr Pa mber
Designation | Number |D Y P Code rt Numbe
(35100 9100e224T 4 COIL=MLD 100NH 10% QN34 ,D98DX,25LGuNOM 28480 9100m2247
ALY 2100=2247 4 COIL=MLD 106NM 10X Qu3d ,09%0X,25LGeN0* 28480 9100wp2u?
A33LE V10Ge2247 4 COILeMLD 10GNH 10% QN34 ,09%DX, 254 GuNOM 28480 91002247
AX3LY F100w2247 4 COLL=MLD 100NM 10X GR34 0950, 25 Gan0n 28080 9100m247
[L318T) 9100e2247 4 COTLeMLD JOONM 0¥ GA34 ,095DX 250 GuNOM 28660 91002247
a33L11 9100w2247 4 COIL=MLD foGNH 10% Gu34 D9EDX, 28LGaNOM 28080 9190w2247
433,12 F140w0098 3 1} COIL=MLD 2,2Ux 10X QW33 ,185Dpx, 375, GeNnOM 2848p 9140=p098
A33L1Y R170w0029 3 1 COREmBHIELDENG BEAD 28480 9170=0029
A33upy 03B0=i 007 5 5 STANDOFFmRIVETwON 00000 QRDER BY DESCRIPTION
A33vp2 2190w0124 L] ? WABHER=LK INTL T NOo 10 ,19Se[N=ID 28480 2190m0124
AYINP3 22¢0w0142 9 9 SCREW=MACLH dwdg ,512=INeLG 106 DEG 40000 QRDER BY DESCRIPTION
AXSup4 2360m0115 4 4 SCAEWmMACH &ad2 ,J12uInsl PiNawD=PQ]] 09000 ORDER BY DESLHIPTION
A33IMPS 9500078 9 2 NUTWHEXuDBLwCha% 1)a32aTHD ,(67elNaTHK 28080 298080078
A3INPY 5001w0173 7 H 28480 50010173
A3SMpY 04191wg0B0] | 1 1 SHIELD=ROX 28480 0419 mt0sn]
A33IMPE H4191e00802 ; 2 1 BHIELDeBDX FLILH] P4E9Iw0060R
A33P9 0419160010 | 2 1 COVER FLT1Y! 04191860010
A33RY 1250mi220 [ & CONNECTOR®RE 8MC M PC SOwDKM LT 1250=1220
AR 12%0=1220 [ CONRECTORRRF SMC M PC S0wOMM 28480 12505240
43391 | 8840130 9 H TRANSISTOR NPN §i PD=350MW FT=8_5GHZ 28480 1854wny 50
43352 1B5SLn) 2l 3 1 TRANSISTOR FET N-THAN MOS St 20480 1855wi )24
431393 185 hag34s 8 1 TRANSISYIOR NPN 2NE179 31 TdwT3 PDR2AOMW 4T3 2N5179
A3304 1884=0130 LJ TRANSISTOR NPK Si PU=350MW FT=4,5GHZ 2848¢ 1054m01 30
A%335 185340020 ¢ 1 TRANSIBTOR PNP BI POW3ogMw FTmiSoMM2 FLYTT] 1855=0020
AyIRy 0683e221% 1 L REBIBTUR 220 Sy ,25W FC TLmedpO/vboe [FRY 3] coza1%
A33RQ 0683e2215 1 RESISTOR 220 5% ,254 FC YCWwdQO/+600 op{zt tag21s
ALIRY 0683=2215 1 REBIBTOR 220 5% 250 FC TCwsdOd/+600 (IS4} caz215
AS3RY 06832215 1 RESTBYOR 220 %% 25w FC TCWmd00/ 4600 oligy caz21s
A3IRS 0683e221% 1 RESISTOR 220 5% ,2%% FL TCmmidgo/eb00 01123 caans
ARG 0683m2215 1 RESISYOR 220 Sx 250 FC TC®ed0n/4800 olies c82218
A3IR? 088322215 1 RESISTOR 220 %% ,2%4 FC TCNed00/4600 otidy ta2218
A33RE 0683m2215 1 REEISYOR 220 5% ,25W FC TCwwd00/+600 0112t t8ga1s
ASIR9 068302215 1 RESISTOR 220 S% LRSW FC TCa=lfo/+600 [TEY 4] chza1s
AY3Re0 068%=4 335 1 | RESISYDR 19K 5X 25K FL TCwmelgos+To0 o1l €81038
AYIRYY 0698.315% 1 2 RESIBTOR &4,68K yx 125K F TCEO+ul00 24546 Claf/BuToutbilaF
A33R12 07%Te0280 3 4 RESISTOR 1K L% 125K F TiRO#miQo 2u%4s C4mi/BuT0al00teF
A33R)) 0757=0280 3 REBISTOR 1K 1X ,12%K F TCeoeelta 26%48 Chmi/BaTOnlQ0)=F
A3IRIY 075T=0250 3 REBISTOR 1 1% 125K £ T(m0+wiin 24548 CHeY /BaTOulO0L=F
A33IR1S 067B=3158 1 RESISTOR 4,64k X ,12%% ¥ YCmoswloo 20%48 Clel/BatOnibiileF
A33R1s 21003273 1 1 RESISTORATAMR 2Kk 10X C SIDE=ADJ 1=TRN 28480 2100%3273
A33R17 075T=0279 [] H RESYBTOR 3,16K tX ,125% F TCEO#wloD 2u5us Cdmt/BuTOndlblaF
A33R18 069BaT19) 5 [ REBISTOR 16,2 1X ,05W F TCwdewlD P (et /BuT00u]lbHnG
A3IRYI9 0683e3308 H ? RESISTOR 13 5% ,25W FC TLewdOO/4500 o112t (133111
A3IRZD 0698e7193 5 RESISTOR 14,2 1X ,05W F TCEO+aly0 26548 C3ei/BaTO0n]6R2ab
A3IRDY 06983439 4 2 RESTSTOR 178 1y ,1250 F TCROewlipo 24504 Clul/8aTutTERAF
AMIR22 075Tw043® L] 2 RESTATOR b,81K 1X ,12%% F TCwOwwigD [T CHnl /BatOnblliapF
A33R2) 06987205 0 1 RESISTOR S1,f 1X ,03¥ F TCupewigo 2454¢ (=i /BuTopnSiRinG
ASIRY 0TST«0278 4 2 RESISTOR 1,78K 1% 125 F TCmQeeld) 24548 Clni/BurOal7AleF
A3IR2Y 0757ep2%0 5 H RESISTOR 5,195 1% 12%¢ F TCuesl00 19705 HFACT/8nT0mblPeF
A3YIR26 075T=n41T ] 1 RESIATOR 562 1X 125K F TCAGewt00 Z4Sue CUei/BuTinSbZReF
ASIN2Y D75Te0278 9 RESIBTOR 1,78K 1X 1250 F TCaOe=1Q0 24548 CHui/BaTOutTBiaF
AY3IRR80 075%e0290 H RESISTOR &,19K 1% (1250 F TCeQsmi00 19701 MFuC)/8aTowdi1uF
A33r29 0698.344Y ] 1 RESIBYOR 422 1% L1230 F TCeO+siO0 24506 CHmY/BuTOuil2ERaF
(33 LET] 0698aT193 5 RESISTOR 16,2 1x ,0%W F TCEOvel00 26548 Cin)/8aT00mitR2aG
ASIRY Y Q&98e7188 L] 1 REBISTOR 10 1% 03K F TCRO+=100 264546 C3ej/8nT0=)0R=G
A33IR3 069827193 5 REBISTOR 16,2 1X 054 F jCmpseson 20508 Cimi/BuT00ninRint
A31RS) 015Tm02?9 ] RESISTOR 3,16K % (125W F T{w0+wlQD 24846 Cini/BuTOndibleF
ATIRYY 069847193 ] REBIATOR 16,2 1x Q5% F TOMQewioQ 2054 Clu)/BuTOpmibH2Zel
A3IRIS De83e3INS ] 1 RESTBTOR 330 5% ,2%4 FC TCwea(0/eb00 pri2y CB3318
A3IR3S 0757=0280 3 RESIBTOR 1K 1X ,125W F TLEOsmico 26%46 Clet/BuTOuidfleF
A33RS? 0098m8020 1 | RESISTOR 9,53k X 125K F TCRO+wi00 2u846 Cliei/8nTouRSIleF
A33R34 0483305 H RESTATOR 33 5% 250 FL TCme4G0/950¢ ol1d4 Co3345
A3IRYY 0757w0439 4 RESISTOR 6,81K 1% ,12%5W F TCROewi0Q 20546 Clel/B8aTfatbilaF
AIIR4D 0493a3439 4 RESISTOR 178 X 1234 7 TCwO+=l100 2U%4b Cidm]/BuTOuiTlknf
A33H 1826w03T2 H H IC-L INFAR SUPPORT CHIP F=2MHZ 28480 1026=0372
(34 IH 1826w0372 F) TC-LINEAR SUPPORT CHIP F=2ZMHZ 2840 18g6m0)72

6-42

See introduction to this section for ordering information
*Indicates factory selected value


https://www.manualsplus.com/

Model 41914

Table 6-3. Replaceable Parts

Section VI
Table.6=3

Reference HP Part |c e Mfr
; . cription Mfr Part Number
Designation | Number [P Qty Descrip Code
(YL paiStebnsla | 7 ] MOTHER BOARD ASGEMBLY p8480 0419 w34
(OPTION 002 UNIT QNLY)
AUy lbgepdl? 1 LT] CaPACTITURSFLTHRY SO0CPF B0 =20% 200V R8480 Gl60m2437
Aputa Oibgegul? 1 CAPACITURGFDTHRY 5000PF B0 e20X 200V 2BuBD D160w2437
42003 ISLITFTE Y 1 CAPACITORWFDTMRY SO0OPF +80 »203 200V 26uBY FITLLT IR
Apulu D160w24%7 1 CAPACITORSFDTHRY S000PF +80 =20% 200V 25484 01bow243?
a2uls CibQeddy 1 CAPACLITORRFDTHRU SO0ORF +30 »20% 200V 288y 01e0w2437
Lauce 01b0w2H3T ! CAPACITURFDTRRY SO0OPF +B80 =20% 260V 26480 0160m24 8T
hzulr Gle0egudy 1 CAPACITOREDTRRY SQQPPF +80 =20% 200V Zoudo H1a0w2u3?
[YLIA] s16n=243? i CAPACITORFDTHRY SOQUOPF 480 w20X 209V 28484 9ip0w2437
apul9 0160egu37 3 CAPACITCReFDTHRY %000PF 480 =»20X 200V 28480 D160m2adY
apug1a 010w ud?y t CAPACITCRWFOTHRL SOO0PF ¢80 «20% 200V 28480 01lb0=2437T
agsgil 01b0=243Y 1 CAPACITUR®FDYHRYU BUDOPF +B0 =g0X 200V 2buao 0Lb0wRu3T
azuly2 g1e0epuly 1 CAPACTITURFDTHAU sopoPF +80 «20X 200V 28489 OrhCwguld?
a2ults Slbgepul? 1 CAPACITOR=FDTHRY BOOOPF +80 »20K 200V 28u80 0kooegys?
240y 4 P160=2437 1 CoPACITORFOTHRY S000PF +80 =204 200V 28uB0O 0160wga37
a2UCy5 [FETEFI A 1 CAPACITOK=FOTHAY SOUCPF +B0 =20% 200V FLYLL olene2uld?
aguc1e [TELITIE N 1 CAPACTITORmFRYHRY S000PF +80 =20X% 200V 2848y LRIy TEY
A2uCy? 0160m2u3T7 i LAPACITORWGFDTHRY 5000PF B0 w20X% 200V FLY LD 01e0m2437
hgag1é rlbom2437 L CAPACITOR=FNTRRY TOGOPF 80 =203 ROOY 28480 0160m2437
hput19 OLbGaguly 1 CAFACITORFDTHRY Y000PF ¢80 =20X% 200V 28480 01602437
aaal20 01603877 g 1o CAPACITOReFXD 100PF #e20X% 200vDC CER FL-LLT] Dlb0e38??
azatat Dloge3d?? 3 CAPACITOR=FxD 1p0PF #a2aX 200yDC CER 8480 0igUelBT?
azuged 0lpdm3AYy 5 CAPACITORaFXD JO0RF +miR¥% 200VDC CER 28440 Glpleing?
Laulzy 01603877 5 CAPACITORaFXD 100PF seZoX 200VDL [ER 284890 0Lb0m3ETT
agugad 0160=3R77 5 CAPACITOR=FXD 100PF #+w@dX 200VDL CER 28480 TLLELY A
hzul2y 01b0e387Y 5 CAPALITORSFXD 100 smgoi 200VDC CER 2848¢ DLlbOmyBT?
LF-1+-1 dlbpepd3? 1 CAPACITORWFDTHRU SOO0CPF B0 =20% 200V p8uBo 01b0egsl?
hgug2r Blbompd3T 1 CAPACITOR®FOTRRY SODOPF B0 =20% 200V 28480 [(RETLYIEN
Azulz8 DléGupid? 1 CAPACITORFOTHRY S000PF 80 w0y 200V goado 0160=2437
Aguc2e 0tboe2d}? H CAPACITORFDTHRL SOQOPF +80 w20% 200V 2BUBD cleom2uly
AUt 016gm2d 37 1 CAPLCITORSFOTHRY SOUOFF +BO e2oy 2onv 28489 Gle0m2d3t
azde3l Flov=3BT7 B CAPACITGR=FAD L00PF +wm20% ROOVOL (ER 284890 01n0=3877
apulle Qle0=3877 4 CAPACITORFAD togPF +w20X% 200¥0L CER 28ub¢ 0160e3877
a2ul3} 21460=3877 5 CAPACITORWFXD t0O0PF ¢e20X 200VDC LER 28480 0140=3877
haulyy 0160=3877 5 CAPACITURFXD 190PF +=20% 200VDC CER 28480 0160%3877
Azulss 0le0a3B7Y 5 CAPACTITOReFXD 100PF sw0X 200v0C CER 28480 Glb0e3BTT
AauC3s 0160=3677 5 CAPACITORFXD jo0PF +eZoX 200VDC CER 28480 V16Cw3ATY
ULt pPLOO=3RTT 5 CAPALITORWF XD fo0pF +e20x 200vDC CER 28489 Uiebe3ATY
agulyd D1bOm3BTT 5 CAPACITORWFXD 100PF *=20% 200VDC CER RBUBD 01803877
424039 0te0w2437 1 CARACITOReFDTHRL SOQUPF +AD 20X 200V 28480 Glaow2u3?
A2uluo Othpgeaul? 1 CAPACITORFOTNRY LogoPf +80 =20X 2ooV 28480 0160"2437
augul 0160=2437 1 CAPACITORmFDTNRY SOQQPF 480 =20% 200V 2548y 0160w2437
hpalue 016gu2sy? 1 CAPACTTORFDTHRY S00GFF +BG w20X 200V FLYLE] 0160=2437
auiud 0160e2417 ] CAPACITORSFOTHRY S0C0PF 480 «20% 200V 2848y 01602437
haalay 0160m24)7 H CAPACITORFDTHRY SOQUPF B0 w20N 200V 28480 bloomaud7
Apalus 016pegus? A CAPACITOR=FOTHRL S0Q0PF ¢80 20X 200V FLELY)] Dleoe2y3?
Aaulus Dlbp=2a3’ 1 CAPACITOR=FOTHRU SONOPF #8&0 =20% 2noV 28480 0360=2437
daatur Dle0e243? 1 CAPACITOR=FOTHRY SO00PF 80 =20k 200V 28480 Gl60=2437
Apugug 0lbompd3T 1 CAPACITOR®FOTHRY SUOOPF 480 =20X 200V FLLT.) Cle0w24ly
(¥ LI Qibgnpal? 1 CAPACITORRFUTHRU SO0DOPF +80 =20% 200V asugo 0160waud?
[YLi4 1 0160e2437 1 LAFACITORSFDYRRY SO00PF +80 «20% 200V asudo 0le0m2ul?
[FIT31 t16pe2d3? 1 CAPACITOR=FRTHRY SOGOPF +B0 »20% 200V 28480 Ble0=2a37
haatse 0160=2037 1 CAPACITORRFOTHRY S00QPF +8G =20% 200V 2ausg 0160%2437
aul53 01b0mguly 1 CAPACITURAFDTHRU SODO0PY +80 ~20% 00V 28460 Dlb0w2u3?
A4gsd 016Qw2437 1 CAPACITORFRYHRY SO0H0PF +B0 =20% 200V 28480 0j&0w2437
[FX1- 1 0le0=2u37 H CAPACTITOR=FDTHRY SQOUPF #B80 e20% 200V FLEL] Dib0e2ad?
AguCKe D1boe2d37 1 CAPACITORWFDTHRU SODOPF +B0 =20% 200V 28ubo 01b0w@d3?
Azacs? blepw2437 1 CAPACITORFDTHAL SO00PF +80 »20% 200V 28480 Glopuguly
[¥-E14 1.} Dl&pepa3? 1 CApACITORWFOTHRY SOUOPF +60 =20XK 200V ELTLL Cla0=2ady
AzaLy Pigpw2247 4 7 COTLmMLD 100NM tox Guld ,0950%,25L5eN0M 284l 9100wBgUT
A2 F100w2247 4 LOIL=MLD LOONA J0% Qm3d ,0850X,25LGmNOM ELELD] F1c0m2247
AR2ULT 41002247 a LOIL=MLD fDONM 10X @34 09%0X,25LG=NOM 26480 91002247
Aaubu G100e22U7 4 LOIL=MLD JOONH 10% @834 ,0950%,25LGan0m 28489 100w2267
A2uld G10pag2uy 4 COIL=MLD 1DONM 10% O34 ,09%0X,250GmNO¥ 28480 9100m22u7
L2846 9100=2247 ) CORL™MLD 100NM 10X Qu3d ,09%DX,25LGeNOM g8uBp F100m224T
YIS 2100=2247 § COILmMLE JOONH 30X Wm3d Q950X , 25LGeNON 28489 1002247
AR4wPy 03p0egill 9 2 STANDOFF=RYTON ,25eINeLG 4=32THD o000 ODROER BY DEBCHIPTION
A2UMp 4380myQ07 5 2 ATANDOFFaRIVET=ON ad0o00¢ DRDER BY CEBCRIPTION
KZUMPY D89pw1ed [ [T THAEADED INSERTwNUT Bwd2 1wl CARB=8TL 28480 G590alyu2
AQUMPY 2190=0749 9 4u WASHERwFL MTLL NO, 8 ,172=INeID 28480 219079
A24vPY 2¥40=011% [ ? SCREWeMACH be3Z ,X12eINaLG PaNwrD«POT] 04000 QRRER @Y DEBCHIPTION

See introduction to this section for ordering information
*indicates factory selected value
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Section VI Model 41914
Table 6-3
Tahle 6-3. Replaceable Parts
Reference HP Part |c Q e Mfr
: . t Description Wifr Part Number
Designation | Number |[D Y P Code
Lzu¥Pe 23600129 [ b BLREWaMALH 4e3) ,PS5-[Nelf PaNaHD=POZ! nopoto GRDER BY DESCRIPTION
Lpeves $050=013%9 L] “ WASHERFL MILL NO, 8 ,172=IN=ID 2Bubg 3080=01 39
hauvey DUl Unelon0s | 8 2 GUIDE 26480 0s140wq000l
ApeXhy 12512034 5 COMMECTORSPC EDGE EnelUNT/RUM ZuRDAS 20480 (251e2034
[T 125 P08y 8 CONNECTQR=PC ECGE LO={ONT/RON Z=ROWE 28480 12512034
Bauxh L 12%5w20%4 L3 26 CONKELTOR=PL EDGE 10=CONT/RO# ZeROWE 28080 1€91lw2nid
IYLITRL 12512034 a CONNECTGQRwPE EDGE LO®CQONT/ROW 2wRUWE 28480 1285 =2034
Lp4xhay 125120340 8 CONNELTORPC EDGE | OCGNT/ROM 2mR0wWS 2848¢ 1€%1e2p30
[TLEELY 12512034 B COMNECTORSBL ENGE 1OnCUNT/ROw 2eR0wS 28480 i2S1=2034
APUXASL t251=20%4 & COMNECYQRePL ENGE 1U=CUNT/ROw 2wRDWY 28480 125 =g030
ApurasR 12%1=2030 3 CONNECTURmPC EDGE 10wl ONT/ROW 2aR0nS 2Badg 1e%i=2034
L24xhe 128101958 ] 3 CONNECTGR®PL EDGE 1D=CONT/ROW |=RDn 28480 1251m=0)95
[PT3TY 1255=019% [ CONNELTORaPL EDGE 1 DeLUNT/RO# jmR0W 28udc 12%1=0195%
h2uxAio 125822074 L2 COMNELTONR=PL ENGE 10mCONT/ROs g2eRQnS 28480 1251m2034
BRAKALY 1a%§=2034 L] CUNNECTOR=PC ENGE 10=CUNT/ROW 2=ROWS 28480 12%1i=2030
Azaxsipl 125120388 8 CONNECTORGPC EDGE 10=CUNT/ROM 2eRONB 28480 125182034
LRANLERR 1251 m2034 L] COMMECTORPE EDGE 19UmCONT/ROw 2eRQWY LY 12%1w2084
Baaxaty 12%tw2034 [} CONNECTORWPG EDGE 10=CONT/R0W 2wROWS 2&uBp 12%1=2034
ARUXALS 125te0165 B COMNECTGR=PC ENGE 10eCONT/RON 1wROW 2RaUBO 12510195
hpaxaisl 1251 wg03t A COMNECTOR=PC EDGE 10«CONT/ROW 2eRDWS 28480 12512034
[EE I 1251 =20%u & CONNECTORmPL £0GE 1Q0«CONT/ROW 2aRQw3 28ubp 12512034
A2GKAITL 1251 w2034 L CUNNECTORwPC EDGE 10=CONT/AROW 2eROwWE 28489 1251=2034
Aaaxay 7R 18%1«2034 8 CONNECTOR=PC EDGE 10eCONT/ROn 2«ROWS 28480 1251wd34
s262418 1291=p034 8 CONNECTOR=PC EDGE 10=CONT/ROW 2wROwS 2busy §1251=2034
A2u%430L 12%1=p034 8 COMNECTOR=PL £hGE 10e{ONT/RON 2#R0OWSE 28480 1251=2034
Az4x43%0R 12%1=2034 A CONAELTORSPL EDGE 10=CONT/R0Y ZaROWS 28089 12512034
ApuxAly 12512034 a COMNECTOR=PC EDGE 10{ONT/ROW ZwROWH 2BuBo 12512084
A2uxasal 12%1=2034 8 CONNELTURaPL EDGE 10wfUNT/RDW 2a4R0WS 28480 L12%ie2034
LETR YR F-1 12512034 [ COMNELTORSPL EDGE 10=CONT/RON 24R0xS FLLY-L] i2%1e2034
A2urALY 125120340 a CONNECTORSPL E£DGE J10=LONT/ROW 24ROWS pBuBy §251=20380
auxado 12512034 R CONNECYCQR®PL EDGE 10wLONT/AROW 2wROMJ 28480 t251m2o3k
Apldupdy 12%1=2034 a CONNECTDA=PL EDGE 10=CONT/ROW 2aROWS 2B4B0O 125 =208
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Model 41914

Tahle 6-3. Replaceable Parts

Section VI
Table 6=3

Reference HP Part ic| o I Mfr

; . t Description Mfr Part Number
Designation | Number |D y p Code

au4p DA4Y1R1ebbs4) | S i DG BIAS SUPPLY BDARD 28480 0419 f=pbB40
hsoly blboe22)9 i 2 CAPACITOR=FXD 1100PF +»5% 300VDC MICA 28489 Olao=g21d
44002 01602055 9 3 CAPACITOR=FXD ,01UF ¢B0e20X 100YDL GER 28480 0160=2065
AuOLy 0160mg1by 4 z CAPACITDR=FXD _01iF e=loX 200VOC POLYE 28489 [FYYLISTY)
A40Lu 016pe2219 7 CAPACITOR®FXD 1100PF #=5% 30GYDC MICA FLITT) 0lb0=221%
A40CS 01602055 L] CAPACITOR=FXD ,0iUF +80s20% looVDPL CER 28480 0lb0m205s
hgote 0le0m0olb] 4 CAPACITCR#FXD ,01UF +=i0x 200YPC POLYE 28a8Q 01600161
AGNgY 0170m0040 ? | CAPACITOR=#XD ,047UF +wi0X 200VDL POLYE 56289 29epuTIv?
[YT.11] 0180=1083 3 ? CAPACITOR-FXD 33uF -10%+475% 25WYDC AL 28489 0180m1083
hant9 180=108% 1 CAPACITOR-F¥D 33uF -10%+75% Z5WVDL AL 28480 0180m1083
h4gClo 01603083 3 CAPACITOR-FXD 33ufF -10%+75% Z5WYDC AL 28480 0180m1082
haoCtl 180=1083 3 CAPACITOR-FXD 33uF -10%+75% 25KVDC AL 28480 0180m1083
hgoCt2 018pwi08) 3 CAPACITOR-FXO 33uF -10%+75% 25WVDC AL 28480 0180wj08)
a40C13 0180m=1083 3 CAPACITOR-FXD 33uF ~10%+75% 25WYDC AL 28489 G180e1083
agotiy 0180m1083 3 CAPACTTOR-FXD 33uF -10%+76% 25WVDC AL 28480 180e1083
AunCLy 0180m1054 & [ CeFxD AL ELECT w¥ UF 100vVDEHW 28489 140w (54
AypCie 0180a50%54 a CeFxD AL ELECT 47 UF 100YDCHW 28460 0180e10%4
A40C1T7 51801054 ] CIFXD A4 ELECT a7 UF LDOVGEW 28480 0180miQB4
A40018 0180w1054 8 CIFXD AL ELECT 47 UF L00VDCW 28480 pi80e1 084
A40C19 01602085 L CAPACITLR=EXS ,0tUF +BOw20X 1GOYD{ CER 28480 t160m20%5
Aﬁogﬁl 19010040 1 3 DIODFE=BRITCHING 30V 50Ma ENS D035 28489 1901=0040
hapCR2 1902m0041 4 2 CIODEwZINR §,11¥ 5% DOw? POR, 4N TCRa 0093 28480 1902w0061
A4QCR3 1901 =p040 1 PIDDE=SwETCHING 30V SOMA 2NG LDw3S 28480 190imgQiQ
AYQCR4A 1901 e0ptio 1 QIODELOWITCHING 30Y S50MA gN8 D035 28480 190120040
A4OCRS 19¢2=0041 4 DIRGE~INR S,11y 5% DO=? DM 4w T{Nm, 008X 28480 19020041
A4pLRe 190235338 b 2 DI0DEeZNR 47,5¢ 5% O0=T PO 4n TCRe, 081X 28u8p 1902=3338
AugCR? 1902=3318 b DIODEWZINR 47,5V 5% DCel POm oW TCms 081X 2848y 1902m3338
AanCRE 1902-0048 9 1 DIODE-ZINR 6.81V 5% DO-7 PD=.4W 26480 19020048
AIOCRY 1902-0048 [ 1 DIODE-ZNR B6.81V 5% 00-7 PD=.4W 24480 1902-0048
AUDF} 21100081 o 1 FUBE .0b2a 2%0v 1, 2%%,2% UL 28480 21t0w001)
K401 12514959 9 1 CUNNELYOR 2«FIN M POST TYPE 28489 1251 w4859
hagxy N4F0w0243 ] ? RELAY-REED 284890 0490=g24)
hgovg DUTOwORUY ? RELAY-REED 20480 0URImQ 4T
(Y1181 914pe0l14 ] 4 COILeMLD fOUH fo% QS5 ,1550%,375LGuNOM 2hul0 Slu0m0f L4
haoL2 Yidpanild 4 COIL"MLD 10UA 10X QuES 550X, 375 GmNOM 28489 0140e0i 14
LT 1% ] idpepl e 4 COILeMLD §QUH gpx GmS5% _1SR0K 575LGeNOM FLTLT] F149mf1 14
AUOLY 910gedtlY 4 COILmML0 10UK toX IS5 155DX,37S5LGaNOM 28480 §140w0yld
AUOMPY 05900526 s 1 THREADED INIERTeNUT 4wl ,065e,G 88T 28480 059%0%0520
[YTLLE] 1460w01 16 8 ? FiNaGRY  062«IN4DIA ,25=)Nnli 8TL 28089 J4B0=01Lb
AGOvPY 2110=0289 ] 2 FUSEHOLDER®CLIP YYPE 2%D=FUSE 28u80 21 10m0209
haQMPY PRO0eD]0S 2 t SCREWwMACH dedp ,2%eiNeLG PANeHD=POR] 49000 ORDER #Y DEGCRIFTION
A4OUPS UQHpmpTUS 3 ! EXTR=PC BD BLK POLYC ,0682«B0eTHKNE 28480 4040mpTUA
A4ouPs [ETET L T] 9 1 ExTrRepC BD YE| POLYC ,082«8DstHKNg 23480 LoUD=nTS2
A40pY 18530012 4 § TRANBISTOR PNP aN2904A 5] T0=39 PORHOGHN 01298 ELELITT
46052 1854m0022 ] \ TRANBISTOR NRN §] TOw39 PONTOOMM oTEel Biye4d
AyoRY 2100-2413 5 1 REBISTOR=TRMR 200 L0% € BIDE=ADJ 1eTRN 28080 2100-2413
A4OR2 2104-2489 1 1 RESISTOKmTRMR %K 10X C S]DE=AD) 1eTRN 28080 2100-2489
AuQRS 2100-2514 8 § RESISYOR=TRMR 20K LuX ¢ SIDE=ABJ 1a=TRN 28480 2100-2514
AU0RY 2100-2633 7 1 RESTATOR=TRMR IK 10X C 31D£-ADJ 1=THN 2848 2100-2633
BLORS 6950558 4 1 RESISTOR-FXD 24.3K +-.1% . 28480 P&99m0558
AUORE Q6833525 ? F RESTSTOR 3,9K SX 2%k sC TComd00/e700 0l £a392%
AuoRry 06978mb358 2 F4 REBIGTOR 100K 41X ,12%A F TLwosw2E 2848y [TLLTTS1T
Ag0R8 07%57w0B39 8 1 RESIBYOR 1Ok }X %N F TCmgpe=io0 28480 nD75TwOR3Y
AypRe 0T57~pB3% B RESTBTOR 10K 1% 5W F TLmger100 2848 0757=08359
A40R10 0683=074% 4 2 RESISTOR 47¢ 5% 254 FL TOwedp0/ead0 0112y GR4TLS
340RY1 07570308 [ H RESIATOR 10 1X 125K F Toud¢si0d 2us4e [4nt/BumTiml ORI WK
I'TTLEY 07570340 H RESISTOR 10 1X L1254 F TCm04wiCo 26844 Céul/BuwtomiGROF
A4OR1Y 0683a226% 1 [ RESJATOR 22M S: 1250 FC TCm=9g0/41200 g1121 th22es
a40R14 0695-G563 4 1 RESTSTOR-FXD 325K 1% .1W 2easn

d4pR1E 068%=39258 2 RESISTOR 3,9% 8¢ 25N FC TCu=400/4700 FERY 31 CB392E
AUORS 0698mn358 H RESISTOR 100K 1% ,12%5% F TCuO+e2® 28480 0698wt 358
A4ORYT 07970839 4 RESISTOR j0K 1% 5K F TCRQewi0Q 28ubo OTST=Q839
440R18 075T=0839 8 RESTATOR JOK (X SN F TCWO+wiog 28480 0757=083¢
4uQR1% 0683au715% [ RESTISTOR ufo S% 254 FC YCRMe4o0/es00 F38¥ 3 [4-T54)
sgoR20 075%7e084d 1 2 RESTSVOR g2,1K X 1280 F Tleghnipo RUBHS C4dmi/BuTmidtinf
hapazi 075 7a0444 1 RESISTOR 12,1K X 4129w F TLWO0+mi0D 24548 Clumi/BatONlRLR=F
A4ORQZ 078¥=0159 L3 1 RESIATOR 1K 1Xx ,5¢ F TCw0swipd 28480 6757=0159
aa0R23 0683-6805 2 ] RESTSTOR 68 5% .25W FC TC=-40D7+500

haoRa 0683-6205 H RESISTOR 58 5% .25W FC T(=-400/+500

See introduction to this section for ordering informaticon
*Indicates factory selected value
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Section VI

Model 41914

Table 6-3
Table 6-3. Replaceable Parts
Reference HP Part Ic i Mfr
. . Qt Description Mfr Part Number
Designation | Number 3D Y p Code
Aoyl 1820e0223 ] 2 IC DF AMP &GP YTUa®9 0eTLS MLMIQYAG
Auouz 18200223 ] IC OF AMP &GP YO=99 kY13 MLMI0Y AL
A4QuUY 18 5w0ins 2 1 IC CONV 12«BeDsa 2au0IPa( BELTS DACA)wEEIuY
AUOLE 1826-0106 L] 1 IC 7875 ¥ RGLTR
rapuUs 1826maRi & 1 1 I1C ¥V RGLTR TOs220 DuETEY MC791507
YT TS 1820=1 084 9 2 IC BWFwRGTA TTL SERIAL=IN FRL=0UY BaBIT 0129% ANTELEYN
L40UT 1020eilisl L] 1 IC FF TYL OwTYPE POS=EDGETRIG CLEAR G298 SNTHRTS
Aucus 182001064 9 IC BHFeRGTR TTL BERIAL=IN PRL=0OUT BeB]t o1z9% ANTULBUN
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Model 41914

Tahie 6-3. Replaceable Parts

Béction VI
Table 6-3

Reference HP Part |c Q P Mfr

: . t Description Mfr Part Number

Designation Number (D y p Code

Ay QU191ebb841 |6 1 ANALGG RECORDER OUTPUT BDARD AASEMBLY ELTTY] 0491 wpesil
(OPTION 004 UNTIY ONLYY

adits 01602055 9 [ CAPACITOReFXD ,0LUF +BO=20% 100YDC LER 28484 0160=20%5

heyle 0180=205% L] CAPACITORFXD _otUF «80w20% 100VDL CER 28089 0160=205%

AG1G3 0160m205% 9 CAPACITORmFXD ,01UF ¢BDe20% 100¥DL CER 28480 0160=205%

aaile D1bowR05% 9 CAPACITORwFXD ,01UF «BOw20% 100YDL CER 284690 S1b0mgnsy

AUICH D160=2058 9 CAPACITORwFXD ,01UF #80w20X 100VDL CER 28480 0lb0m208%

Ay1ce 0140=20%% L] CAPACITORFXE ,B1UF #B0w20X 100YDC CER 28480 01b0a20%8

Ay1C? 01602058 L CAPALITORSFXD _o1uf +80.20X 100VDC CER 28480 0160m205%

Ayita G180m108t 7 3 CAPACITOR-FXD 220UF 20% 16YDC AL 28480 018an) 061

[T 1; G180=1061 7 CAPACTITOR-FXD 220UF 20% 16Y0C AL 28480 0iAGe106]

(RN 313 B160e2055 9 CAPACITORSFXD ,p1UF +80e20% f0QVDC CER 28480 0160m205%

Ayt 0150"0124 ] 1 CAPACITOR=FXD _qUF #+8o=2p0% 5pVDC CER 2Budg 01%0=0y21

A1g12 t100-1081 b1 CAPACTTOR-FXD 220uF 20% TEWVDC ALM 28480 0180m106]

41843 0180m10A3 3 H CAPACTTOR-FXD 33ufF -10%+75% 25WvDC AL 28480 0180e1 083

R4t1tnt 190240041 [} [ DIGDE=ZNR S.11y %X Dom? #Dm, 4w TLRw, 009K 28480 190am0041

hatdy 12515382 5 L CONKECTOR dwPIN M METRIC POST TYPE 28ado 12515382

ALy ¥140e0i1d q 1 COILwMLD 10U 10% DRSS 1850y, 375LG=NOM 28480 FTUQe0 1Y

aatL2 3100wy 629 [] 2 COIL#MLD 4TUM 5% Os%S ((S3DK,375(GeNOM 2848¢ 9i00eis2Y

LTS § S100w1629 [ COTLwMLD 47UM Sy GOSE  1550X 375LGaNOM 28480 91001829

Ay upy L4Boepllt 3 2 PINGGBRY  D&2eINWDIA ,25«]Nell &TL 2048p 1480018

IELH 404D=0749 4 1 EXTR=PL BD 8RN POLYG ,06#=BDeTHKNS 28400 40up=0749

[TELLE] 4oUpe 782 9 1 EXTRePC 8D YEL POLYC ,082e8DeTHANS 28480 40k0m0T52

hggRy 2100-248% i 11 RESISTORGTRMR 8K 10Y € SIDEaADS twTRN 284bs 2100-2489

AGLAR 2100-2489 i RESIATORWTAMR 5x 10X { SIQE=ADJ I1aTHN 28480 2100-2489

hyynl 2100-2413 5 3 RESISTORaTRMR 200 JOX C BIRE=ADJ j=TAN 284890 2100-2413

AQiRY 2100-2489 i RESTSTOReTRMR Sx 10X £ SIDEw=aADJ 1=THN 28480 2100-2489

AGyRS 2100-2489 1 RESISTORaTRAMR Ei 10 C SIDE«ADJ 1eTRN 28480 2100-2489

L 2100-2473 5 RESISTOReTRMR 200 50X C 3IDE«ADJ 1al8N 28489 2100-2473

AIIRY 2100-2489 L RESLSTOR=TRMR &K 10X C S1DE=ADJ 1=TRN 28480 2100-2489

AGIRE 2100-2413 5 RESLATDRaTRMR 200 10X C SJOEwADJ 1=THN 28480 2100-2413

AG4RS 06987815 ] H RESTSTOR 2,87k 5% L1250 F TomQe=50 19701 MFALL/8eT2wgBT | eD

AIRy0 Q6985674 3 H RESISTOR 5,62K 1% 125N F TCmOes25 asyeo CaG6eSb7Y

[ TTLET! 0698e6348 0 4 REBIBTOR JK ,1% ,125W F TCeOen$ 28489 0498eb348

AGIR12 0693ub 148 0 RESIATOR 3K ,IX ,i%%W F T(mOen2S 78489 0698mb348

AuiR1) 16831025 9 ? RESISTOR tK %X 280 FL TCww&UO/4600 [IRE S catoes

AgiRyd 8683w105% 7 3 RESTHTOR 100 5% ,25W FC YCmmdo0/ 4500 [FET3 (BiDLS

Auims 069807815 8 REBISTOR 2,87K 5% ,125W F TCwiewSo 1970} MFGC1/BaT2w2BT oD

AgLR1e b698a58T4 3 RESISTOR 5 62K {y ,125% F TCRQ4adS 28u8p 0698867y

AALRYY 069848 ] RESISTOR 3K 1Y 1258 F TCEQ4w2$ 28480 0698348

AQLRES D698me3bg [ REAIBTOR 3K (1% ,1R5W F TCm0em25 26480 0698mu348

ARy 06831023 9 REBISTOR {K SX ,28W FC TCHe4Q0/+800 g1121 1301

AAIR20 0683=il1S ? RESISTOR 100 5% 25w FC TCwedDO/4300 o112 681045

AGIRAL 0757e0317 7 ] RESISTOR 1,33K 1% 125w ¥ TCBO4wloD 2u%at CHel/BuTOm)d3]ar

AGLRZ2 075T=0438 1 H RESISTOR S,11K {X 125k ¥ TCwovelpo XL C4el/BatOnblileF

hy1R23 0bB3Im101% 7 RESISYOR 100 5% 250 FC TCwedops45400 0152l (13131

Ay Rz 075Te0u38 3 RESISIOR 5,118 §X ,125K 7 1CN0+ei00 24846 (lml/8uTOuS|1taF

AGta28 07370300 H 2 RESIATOR 10 1% 125K F Tim0+aigo 24806 Clul/BaTOallRG=F

[YTLET 07570346 H REBISTOR 10 1x ,12%% F TCxQ4mjO0 2a84s Cint/8uTOulOROF

AAYRRY [ 32 LTTLL] 1 1 REMISTOR J12.1K 1% 41250 F TCuO¢eloo 2484s Clinl/B8uTgul2idef

[YILEL] 06B3al03s 1 ¢ RESIATOR 10K 8% ,25% FC TCWwd00/¢T00 011E] CB1OYS

AGYRRY 0683u103% 1 RESISTOR 10K 5% ,25% FL TCWed00/+700 olidt £8L035

satR3e 06631038 1 REBEISTOR 10K SY ,25% FC YCa=dpo/eT00 o112t £B1038

LTI 06B3=1038 1 REBISTOR 10k 5X ,2%% FC TCAwdQO/s4T00 otizy C81035

A41R32 06B3m1 225 i 1 RESTSTOR |, 2K 5% ,25W FC TOmaudo/e700 oyl CBi2e5

A3 1R33 q683=392% 2 1 RESISTOR 3,9 5% 2% FC TCw=aQ0/4700 01121 CH3vEs

A4IRYY 06833315 4 1 RESISTOR 330 SX 354 FL TCRes00/+600 [FEE] £83318

Adqut 1826+0139 ] 3 IC QP AMP GP DUAL B=DIPeP 01928 cat4sas

hulug 182b=0139% 9 IC OF AMP GF DUAL BeDIPeP oi¥eB CAL4%85

AB1U3 1826m013% 2 IC QP AMP GP DPAL HBeDIFwP 41928 cajusng

(TIRIL] 1820m1 325 5 1 IC BWITCH ANLE QUAC 14sDlPeP 31928 Co40bRAE

Ag1ys 18240197 9 3 IC CONY |0mBul/a 18eDIP=C [T1TL] DACw100CCE3

Ao 1820=1730 b 2 IC FF TTL 15 UntypE Po3=EDGESTRIG COM 1295 SNTUL 82T IN

Auiuy 182beg187 9 IC QONY 1o=BaDsA (6D IPal 0bbes DAC={goCLGY

AQius 1826m01%7 9 IC EONY 10wBuDsa {6eRIPul 1] DAG=100CCaS

AdiUe 1820=1730 § IC FF TTL LB DeTYPE POY=EQGESTRIG COM 1268 BNPHLGRTYIN

AgIUL0 1824wl T4 2 t IC COMPARATOR GPF QUAD 14elIMap FLELL 1826=0174

Auguyy 1620=1433 & L] IC SHFaRGTR TT_ L3 And QERIAL=IN PRLeOUT 0129% ANTaLALBaN

AGLuse 1820w1433 4 IC BHF@RGTR TYL L§ R=8 SERIAL=IN PRL=QUT 0129% NTHL8LEAN

YR 18201442 [ EC BHFwRGYR TTL |8 Red BERIALeIN PRL#QUT 01298 ANTOL B 6N

Ag1U1e 1820#1433 3 IC BHF=RGTR TTL L8 Reg SERIALWIN PRL=OUT 0129% BNTULBEOUN

[YH NOT ASSIGNED

See introduction to this section for ordering information
*Indicates factory selected value
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Section VI Model 4191 4
Tahle 6-3
Tahle 6-3. Replaceable Parts
Reference HP Part |c| o I Mfr
; p t Description Mfr Part Number
Designation | Number D Y P Code
Loy D419 1 «bp%UT | & t BTANDRY BaTTERy ROARD ASSEMALY 28489 0419 mbbB4l
IYRLN 1620=01238 [ F] BATTERYaNIaCD 28480 Lughepas
24382 1420-0126 BATTERY NI-CD 1.25Y¥DC
ag3ly a18ganny ] fl CAPACITORSFXD 1gouFeT8etpy 25VDE AL 58289 3obtuTGoRS0LR
aaig2 Ulbpeol2t 2 t CAPACITORWFXD 1UF +w20% 25VoL CER Feube uledm0§2y
AURERT 1%0)=np2k 2 1 DIODE=GEN PRP 00V 2noMa pleT 28480 tP01m002%
s4301 185320010 2 1 TRANSTSTOR PNP §] TO=iB PREBLOMA FLLL- L 1853=00190
Auyng 1854w30p3 5 2 TRANBISTOR NPN §1 TOm18 PDER&OMN 2848y 185439 gEs
A430E [BSde002% G TRANSISTOR NPN 8T TOwt8 PDudbOMA 26480 §854=0023
43R NLBIa1 215 ¢ 1 HESTSTOR 120 5% ,25# FL TQB=UDO/+b0D o§tey cet2ls
LER L) Na83.2235 5 1 RESTSTOR 22k SY 254 FL TCE=ag0/¢800 04181 LBa23s
LEB L] O6k3e}l3us 0 1 RESISTOR 330K % 25w FC T{maBO0/+900 oty ca33as
By3Ru [TLECRTTAY 2 ! RESISTOR 3,9K &% 250 FC TCemaQD/+700 i1y caye2s
Au3es H75Twndug L} 1 RESISTOR 10K 1% ,i2%w F TCEGewil ddfde Cdnl/RaTiningdeF
Auife 06%hel1b0 B 1 RESTSTOR 31 ,.6% (X ,1285W F TOmoemi00Q 2u%db Cdul/8nTHadibiaf
au3ar LLLETSE L) 5 1 RESTSTOR 1% 5% ,25W FC TCamB00/4900 i1l 81098
huyRE VbB3ImE61% 3 i RESTSTOR S60 Sx ,2%W FC TORedQu/#b600 o112 CB561S
Autuy 182bundnd 5 1 1C BuDIPaP 32293 1CLBR 2P
huing 04t91eht bl | 2 1 CAPLE H3BEMBLY 28480 D19t ebibl2
Ay 0LRbRe66501 | & 1 HPwIf CUNNECTOR BOARD ASSEVBLY ZRABD LTPITETYS 13 ]
Bauvel 93610079 9 2 RIVET-SEMITURBULAR AL 28480 0Ist=0079
BQLMPR 153um=1098 u 2 CLEVIS 0,070=IN W BLTt g,05u=1N PIN CTR 30090 GROER BY DESCRIPTION
Auaagdy 1251=3783 1 1 CONNECTGR 24aPIN F MICRORIBBON 28480 13513283
Agasl)P 1200=0dBS e 1 BOLKET=IC 1é=CONT DIP wIPeSLDK 2048 1200=048%
at4439) 3101-1973 T 1 SHITCN=SL To1p pIP=SLICE=AB8Y ,1a S0VDC FLYLL 310L=187%
AdUAINg 81200363 2 1 CABLE ASSEMHLY 2848¢ 812c=0363%
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Model 41914

Section VI
Figure 6-1

Reference HP Part No. Qty Description
1 0340-0926 2 INSULATOR
2 047191-40006 2 COVER, HEATER
3 2190-0749 5 WASHER
4 2360-0123 4 SCREW
5 1400-0053 1 CABLE CLAMP
6 2360-0115 1 SCREW
7 04191-61615 1 CABLE ASS'Y
8 0837-0182 2 HEATER POSISTER
9 04191-40007 1 CAPSULE
10 (1837-0035 1 THERMISTER
1 1250-1001 3 CONNECTOR, SMA
12 0520-0173 19 SCREW

Figure 6-1. Electrical and Mechanical Parts of the Directional Bridge
Assembly — Exploded View (sheet 1 of 2).
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Section VI

Model 4191A

Figure 6-2
Reference HP Part No. Qty Description

1 1250-0520 2 CONNECTOR, SMA
2 0520-0173 8 SCREW
3 04191-21000 1 FRANGE
4 2200-0167 3 SCREW
5 04191-25002 1 INSULATOR
6 04191-23001 1 CENTER PIN
7 5040-0306 1 INSULATOR
8 1250-0816 1 CONTACT, CENTER
9 1250-1466 1 CONNECTOR APC-7
10 04191-61609 1 CABLE ASS'Y

6-50

Figure 6-2. Electrical and Mechanical Parts of the Directional Bridge
Assembly — Exploded View {sheet 2 of 2).
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Model 4191A

Section VI
Figure 6-3

3
o 0}
- —
¢ i W r
I ! P5
P6
Pl \®
IR
@/ : P4E:LH P3 N :
(Bottom view)
Reference HP Part No. Qty Description
1 (4191-61606 1 CABLE ASS'Y
2 04191-61605 1 CABLE ASS'Y
3 04191-61604 1 CABLE ASS'Y
& 2360-0115 2 SCREW
5 1400-0054 2 CABLE CLAMP (SRM)

Figure 6-3. Cable Assemblies of the Directio
= Expladed View.

nal Bridge Assembly
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Section VI
Figure 6-4

Model 41914

6-52

— Exploded View.

Reference HP Part No. Oty Description
1 5060-5836 1 TOP COVER
2 5040-7202 1 TOP TRIM
3 1460-1345 Z STAND
4 5060-9848 1 BOTTOM COVER
5 5001 -0441 2 SIDE TRIM
6 5040-7201 4 00T, BOTTOM
7 5060-5948 z SIDE COVER
3 5040-7219 A FRONT CAP, HANDLE
9 50609805 2 HANDLE
10 5040-7220 2 REAR CAP, HANDLE
11 2680-0172 4 SCREW
12 5040-7221 1 FOOT, REAR
13 2360-0195 4 SCREW
Figure 6-4. Major Mechanical Parts on the instrument Exterior
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Model 4191 A

Table 6-3. Replaceable Parts

Section VI
Table 6-3

. fr
Reference HP Part Qty Description M Mfr Part Number
Designation | Number Code
T 5040-7219 2 FRONT CAP
2 5080-9948 s SIDE COVER
3 5060-9300 z HANDLE
4 5020-8838 4 STRUT
3 2360-0115 3 SCREM
] 04274-40002 3 GUIDE
i 04191-00101 1 SiDE PLATE
i) 04191-01205 1 ANGLE
4 5040-7220 Z REAR CAP
0 2680-0172 4 SEREW
M 2110-0569 1 NUT
12 3107-2216 1 SWITCH
13 2110-0564 1 FUSEHOLDER
2110-0565 1 cAP
14 2110-0304 1 FUSE
5 3901-0070 1 SWITCH
16 2950-0043 1 YT
Y7 2150-0016 1 WASHER
18 1250-0118 Z CONNECTOR BNC
19 2360-0175 1 SCREW
20 1906-0227 1 DIODE
21 04191-040318 1 COVER
22 3100-0885 1 TRANSFORMER
23 3160-0311 1 FAN
24 2200-0105 5 SCREW
25 04151 -00207 1 REAR PANEL
26 2360-0117 3 SCREW
27 2360-0113 4 SCREW
28 5020-8808 1 REAR FRAME
29 04181-00509 1 PLATE
30 1350-0047 z FASTENER
3 04191-60101 1 CASE
3z a41971-1204 2 ANGLE
33 2360-0333 6 SCREW
34 5020-8807 1 FRONT FRAME
35 14191 -002M 1 SUB PANEL
36 0471497 -25000 2 WINDOW
37 0%197-25001 1 WINDOW
38 04191 -00600 1 PLATE
3% 04191-00209 1 FRONT PANEI. (HP)
04191-00208 1 FRONT PANEL ([YHFP)
40 7120-1254 1 HAME PLATE  [HP)
F120-0478 1 NAME PLATE  [YHE)
41 04151-00202 1 PANEL TOP
4z 1250-1466 1 COMNECTOR APCT
43 04713%1-00204 1 PAMEL SIDE
44 (4151 -40001 1 GUIDE
45 2200-0165 1 SCREW
a6 04191-00200 1 PLATE
47 04191-24000 z STUD
48 04191-614900 1 WITCH ASSY
49 2200-01685 2 SCREW
50 04791-00700 1 DECK
51 04197-00283 1 PANEL SIDE
52 6360-0002 1 PLUG
53 04191-00200 1 BEZEL
54 2200-0165 1 SCREW
55 04797-00206 1 SUB FANEL
56 2360-0115 |3 SCREW
&7 5041-0564 1 KNOR
53 04274-40001 1 RGD
59 5040-7201 4 FOOT
50 1460-1345 2 STAND

See introduction to this section for ordering informaticn
*Indicates factory selected value
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Model 4191 A

SECTION VIi
MANUAL CHANGES

7-1.  INTRODUCTION.

72, This section contains information for adapting
this manual to instruments to which the contents do not
directly apply. The following paragraphs explain how to
adapt this manual to apply to older instruments with a
lower serial prefix.

7-3, MANUAL CHANGES,

7-4. To adapt this manual to your particular instru-
ment, refer to Table 7-1 and make all of the manual
changes listed opposite your instrument serial number.
Perform these changes in the summary by assembly.

7-5. If your instrument serial number is not listed on
the title page of this manual or inn Table 7-1 to the right,
it may be documented in a yellow MANUAL CHANGES
supplement. For additional information about serial
number coverage, refer to INSTRUMENT COVERED BY
MANUAL in Section L.

Table 7-1. Manual Changes by Serial Number.,

Section VI
Paragraphs 7-1 to 7-5

Serial Prefix
or Number

Make Manual Changes
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Model 43191 A

Section VII
Paragraphs -1 to 8-10

SECTION Vil
SERVICE

8-1. INTRODUCTION.

8-2. This section provides the information and instruc-
tions required to service the Model 4191A RF Impedance
Analyzer. included are the Theory of Operation and
Troubleshooting Guide with Circuit Schematics. The
Theory of Operation describes fundamental principles
and circuit operating theory of the 4191 A with block dia-
grams. Circuit schematics, locator illustrations, trouble-
shooting guide, circuit analysis and other technical data
necessary for repairs are integrated into the service sheet
foldouts. An illustration of the instrument interior
is shown in Figure 8-24,

When the instrument circuitry includes expanded
capabilities provided by optional equipment, refer
fo  paragraph  entitled OPTIONS for specific
option service information.

Note:

8-3. SAFETY CONSIDERATIONS.

8-4. This section contains warnings and cautions that
musi be followed for your protection and to avoeid
damage fo the equipment.

WARNING

MAINTENANCE DESCRIBED HEREIN IS PER-
FORMED WITH POWER SUPPLIED TO THE
INSTRUMENT AND PROTECTIVE COVERS RE-
MOVED. SUCH MAINTENANCE SHOULD BE
PERFORMED ONLY BY SERVICE-TRAINED
PERSONNEL WHO ARE AWARE OF THE HAZ-
ARDS INVOLVED (FOR EXAMPLE, FIRE AND
ELECTRICAL SHOCK). WHERE MAINTENANCE
CAN BE PERFORMED WITHOUT POWER AP-
PLIED, THE POWER SHOULD BE REMOVED.
BEFORE ANY REPAIR IS COMPLETED, EN-
SURE THAT ALL SAFETY FEATURES ARE
INTACT AND FUNCTIONING AND THAT ALL
NECESSARY PARTS ARE CONNECTED TO
THETR MEANS OF PROTECTIVE GROUNDING.

8-5. THEORY OF OPERATION,

8-6. The theory of operation discussion is organized
into three sections: basic theory, block diagram discus-
sion, and circuit analysis. The basic theory, beginning
with paragraph 8-13, explains the concepts and fundu-
mental theory of the 4191A instrument technigue
adapted for accurately measuring the DUT and for fully
achieving automated measurement performance. The
block diagram discussion describes the overall circuit
operating theory of the 4191 A with block-to-block signal
flow. 1Included are block and timing diagrams. The
circuit analysis provides a detailed description of how the
circuit on each board functions. For reference con-
venience when servicing the instrument, a circuit des-
cription is included in the service sheets.

8-7. RECOMMENDED TEST EQUIPMENT.

3-8, The test equipment required to perform opera-
tions outlined in this section is listed in Table 4-1. The
table includes: type of instrument required, critical
specilications, use, and recommended model. I the
recommended model is not available, equipment which
meets or exceeds critical specifications lsted may be
substituted.

8-9. TROUBLESHOOTING.

8-10. This troubleshooting guide provides instrue-
tions and informatiion for locating a faulty circuit com-
ponent. All instructions consider the safety of service
personnel performing the procedures. These diagnostic
guides are in the form of step-by-step procedures with
tlow diagrams. The board level troubleshooting diagrams
are the procedures for isolating the problem to an indivi-
dual malfunctioning circuit board assembly, The guides
for locating a defective component are given on the
individual board service sheets and inteerate service
support data--test point locations, waveform illustrations,
voltage data, timing diagrams, and other technical inform-
ation in addition to providing schematic diagrams for
each board. To facilitate easy troubleshooting of the
4191 A digital section, the troubleshooting guide for the
togic circuit cmploys a signature analysis technique in-
corporating the concept of data stream analysis. A
guideline to signature analysis is provided in Figure 8-18.

8-1
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Section VI
Paragraphs 8-11 to 8-13

8-11. REPAIR.

8-12. Repair tell how to replace de-
fective circuit components. The recommended replace-
ment procedures for components and parts which require
special repair, replacement tools, or test eguipment
should be observed. Correct disassembly and the ex-
change procedures for such special parts are outlined in
Paragraphs 8-72 through 8-80. To prevent damage from
improper repair procedure, refer to the appropriate

manual scction before proceeding with repair,

explanations

Model 4191A

8-13. BASIC THEORY

The basic theory of the measurement technigue used in
the model 4191 A is outlined in the following paragraph.
The primary part of the description is on page 8-3. As an
aid to understanding the discussion, the Block Diagram in
Figure &1 is referred to throughout the description.

STGNAL

/ SOURCE N

VECTOR RATIO DETECTCOR \

Vector Ratio Detector

RF DIRECTIONAL BRIDGE

REF. CHANNEL
SAMPLING TF

100kHz,

1

1M-1000MHz

|
CONVERTER | Phase Det.

Lt |
[T .
TEST CHANNEL | | [
SAMPLING 1F [100kHz |  Detection | !
CONVERTER ! | Phase Signal | |
|
LL________ =l
\ DTN AL ! T
\ I |
N % : |
\
5 J ,J
\ s -
\ // ///
(U — // /,’
\\ rd //
\\ // //
DISPLAY MICROPROCESSOR BASED
DIGITAL CONTROL SECTION
| _ MEASUREMENT
| CONTROL PROGRAM |
KEYBOARD b
________________ "~ 7 auto-caiTaRATION ]
HP-IB EQUIPMENT e—|  HP-IB INTERFACE 1 PROGRAM ]

Figure 8-1.

4191A Block Diagram.
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Model 4191A

Section

VIIE

Paragraph 8-13

BASIC THEORY

The basic measurement circuit of the model 4191A
consists of the measurement signal source and the
vector voltage rutio detector. The measurement signal
source produces a 1MHz to 1000 MHz sinusoidal signal
from the output of a crystal oscillator using a special
frequency synthesis technique. The directional bridge
circuit has a test port to connect the DUT and
provides an output signal proportional to the vector
reflection coefficient of the DUT. The measurement
signal from the fest port is applied to the DUT, and
a part of the incident signal is reflected from the
DUT. The reflected signal, which returns to the
directional bridge, varies the signal current flowing
in the bridge circuit and determines the impedance of
the bridge arm at the test port (that is, the impedance
of the DUT measured at the test port). The vector
voltage ratio of the two bridge circuit output signals
— the reference and the test channel outputs — repre-
sents the reflection coefficient of the DUT in the
measuring circuit test port which has a 502 charac-
teristic impedance.

To achieve accurate vector ratio measurements, the
frequency of the directional bridge output signal is
converted to 100kHz by the sampling TF converter.
Using state-of-the-art technology for the low fre-
quency vector measurement, the vector ratio of the
reference and test channel IF signals is detected for
both of the real and imaginary component vectors,
which coincide with the components of the measured
vector reflection coefticient. The other measurement
parameter values are calculated from the values of the
measured vector components.

The directivity errors in the bridge circuit, undesired
reflections of the measurement signal in the line be-
tween the test port and the DUT, electrical length
error, and other factors related to the inaccuracy of
the measurement circuit will result in considerable
errors in the measured vectors, The measurement
values involving these errors are automatically cor-
rected by determining the error vectors at the fre-
quencies where the measurements are taken. The
auto-calibration [unction of the 4191A calculates the
error vectors from the measurements of the three
reference terminations; 0, 0S. and 50Q. The
calibration data obtained from the reflection co-
efficient measurements for the reference terminations
1s stored In the memory of the 4191 A and is used to
correct the measured vectors of the DUT’s.

The microprocessor based digital control circuit
controls the operations of the analog measurement
circuit in accordance with the programs stored in
the ROM. The measurement program contains the
routines for vector conversion calculations to derive
the various parameter values from the measured
reflection coefficient vectors. To improve measure-
ment speed, including the time required for auto-
calibration and parameter conversion caleulations, the
digital control circuit employs an APU {Argorithmic
Processing Unit) which performs the arithmatic
operations. The HP-IB interface circuit, which is part
of the digital control circuit, provides a means to con-
nect the instrument to other HP-IB compatible equip-
ment.

8-3
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Section VIH
Paragraphs 8-14 to 8-21

8-14. BLOCK DIAGRAM DISCUSSION

8-15. ANALOG SECTION BLOCK DIAGRAM DIS-

CUSSION
8-16. Synthesizer Signal Source
8-17.  Figure 8-2 is a block diagram of the signal source

section. The Al, A2 and A3 boards compose the PLL
synthesized signal generator which produces output fre-
quencies from 250MHz to 500MHz in 100kHz steps.
The output frequency is governed by the nine frequency
bands of the Al VTO and the tuning control input
voitage fed from the A3 board. One of the two VTO
outputs is sent to the A5 Frequency Converter to extend
the frequency range down to | MHz and up to 1000MHz.
The other output is counted down to 100kHz by the A2
Programmable Divider. Divisor N of the programmable
divider is automatically set to the following value:

N =FX 10 (2500 < N < 5000)

Where, F is the frequency required from the VTO (in
MHz) to produce the measurement frequency.

The A3 Synthesizer Phase Detector compares the pro-
grammable divider output with the accurate 100kHz
reference signal and supplies a dc voltage proporticenal
to the difference in their frequencies (phases) as the VIO
frequency control signal. This tuning control automati-
cally locks the VTO frequency to the value given by the
following equation:

fvro = N x 100kHz
(250.0MHz < fvro < 500.0MHz)

Because the PLL fixes the VTO frequency to N times the
100kHz reference frequency, the accuracy of the meas-
urement frequency is almost equal to that of the 100kHz
reference signal.

&-18. The A5 Frequency Converter outputs a 1M to
500MHz signal by converting the signal cutput from the
VTO. For frequencies lower than 250MHz, two methods
of frequency conversion are employed: One for fre-
quencies from 32.1M to 250MHz. and the other for fre-
quencies from |M to 32 MHz.

For frequencies from 32.1M to 250MHz, the input signal
from the A1 VTO is applied to a three stage frequency
divider (=2, +4, +&8), which outputs a 123M to 250MHz
signal, 62.6M to 1235MHz signal, or 32.1M to 62.5MHz
signal,

For frequencies from IM to 32MHz, an accurate 200
MHz signal is subtracted from the 201M to 232MHz
signal output from the first stage of the frequency divider.

8-4

Model 4191A

For frequencies between 500M and [000MHz, the signal
output from the Al VTO is routed to the A6 Frequency
Doubler via the AS Frequency Converter,

8-19,
from the signal output from the frequency converter to
reduce distortion of the measurement signal. The filter
circuits are switched to the filter channel with the appro-
priate roll-off frequency. The filter channel used depends
on the frequency of the frequency converter output. For
the 500M to 1Q000MHz frequency signal, the voltage
tunable filter on the A6 board filters out the harmonics
included in the frequency doubler output. The A7
Selectable Filter transmits the frequency doubler output
to the power amplifier (A6) without filtering. The out-
put of the A7 hoard feeds the low-distortion 1M to
1000MHz signal to the power amplifier on the A6 board,
The wide band power amplifier supplies a power of about
3dBm to the A9 RF Directional Bridge.

The A7 Selectable Filter eliminates the harmonics

8-20. The AIS8 100MHz Clock Generator/Doubler
supplies an accurate 100MHz signal for use as the fre-
quency source of the 100kHz reference signal used for
the PLL synthesized signal generator. This 100MHz
signal is counted down fo 100kHz by the frequency
divider on the A3 board. The frequency doubler on the
A18 board produces a 200MHz signal from the 100 MHz
clock to provide the necessary (subtraction) {requency
for obtaining the 1M to 32 MH7 measurement frequencics.

8-21. The A4 Programmable Switch Control Driver
converts the frequency control and the filter switch con-
trol data transferred from the digital section to the in-
dividual control signals for each switch circuit. These
control signals select the VTO frequency band, set the
divisor of the programmable divider, switch the frequen-
cy converter circuits, and determine the selectable filter
channel to be used. The D-A converter on the A4 board
accepts the VTO frequency band selection signals as
input and provides the dc voltage required to set the
tuning frequency of the voltage tunable filter on the A6
board. Thus, the filter is automatically tuned to one of
the nine frequency bands corresponding to twice the
frequency of the VTO output (the frequency of the
frequency doubler output). The programmable switch
control data are transferred, with proper timing, from the
A2l microprocessor digital control board through the S
DATA 2 line (a serial data transmission line). CLK SS2,
S83 and S84 signals enable the appropriate serial to
paralfel decoder to have access to the transferred data.
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Figure 8-2.  Analog Measurement Section Block Diagram — Signal Source Section
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Figure 8-3

DIRECTIONAL BRIDGE OPERATING THEORY

The basic circuit of the directional bridge is composed of five fixed value resistors and the unknown im-
pedance element to be measured, as shown in Figure A. All the resistor elements have the same Z value as
the characteristic impedance of the measuring circuit; in the 4191 A, both are 50£. The other bridge arm
Zx is the DUT connected to the test port. The test signal is applied with an amplitude e; in the direction of
i;. The signal currents in this circuit can be arithmetically represented by equation 8-1. Here, we'll show
that the current iy (or the voltage drop e, = Ziy) is proportional to the reflection coefficient of the DUT.

Kirchhoff’s law gives the following equations for the circuit in Figure A.

€1

i, + i3 =1
Z-i] + Zi2+ Z(i2714) = £

i ) A VPR (8-
Ziy + Ziy + Zx (i3 +1y) = &
Zi, + Ziy = Zi; J
Figure A, Basic Directional Bridge Circuit
These simultaneous equations are solved for i,, as follows:
7i 1 Z-Zx (8-2)
Ia = € S T T T B e e e e e e e e e -2
Tt g zrzx !

Thus, the ratio of e, to ¢; given in equation 8-3 can be used to calculate the reflection coefficient of the
DUT.
e, | Z-—2Zx 1

= = o D 8-3
e; 8 Z+2Zx 8 (8-3)

2 —Zx
r= —="
( Z+Zx)

In a practical directional bridge circuit, such as the one emploved in the 4191A, the bridge arm for i, is

replaced with an RF transformer to obtain the vector voltage e,, as shown in Figure B (left figure).

Figure 8-3. Directional Bridge Operating Principle (sheet 1 of 2).

8-6
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Figure 8-3

Figure B. Directional Bridge Circuit of the 4191A.

Because the directional bridge circuit is substantially reversible, the input e; and output e, may be inter-
changed. That is, the circuit may be modified so0 as to apply the measurement signal to the RF transformer,
and take the output from the basic input circuit, as shown in the right schematic in Figure B. The 4191A
actually employs this curcuit configuration. To measure the vector ratio of e, and ¢,, the other measure-
ment frequency signal, routed to the reference channel, is substituted for e;. Thus, the vector ratio measure-

ment is made for the reference channel signal (substituted for e;) and the test channel signal e;.

Figure 8-3. Directional Bridge Operating Principle (sheet 2 of 2},

8-7


https://www.manualsplus.com/

Section VIII
Paragraphs 8-22 to 8-23

8-22. Vector Ratio Detector Section

8-23. The Block diagram of the vector ratio detector
(VRD) section is shown in Figure 8-5. The VRD section
consists of the A9 Directional Bridge, A10 and All
Samplers, A12 PLL Sampling Controller, A13 Sampling
Frequency VTO, Al5 Sampling Pulse Generator, Al6 IF
Amp/Process Amplifier and Al17 Phase Detector/A-D
Converter. The A9 RF Directional Bridge has a test port
to measure DUT’s and provides two outputs — the refer-
ence channel output and the test channel output — whose
vector ratio is proportional to the reflection coefficient
of the DUT. A measurement frequency signal applied to
the input (P1) of the A9 section is divided at the power
splitter, and flows to the test channel and the reference
channel circuits. The reference channel signal provides
the amplitude and phase references for the test channel
signal to be measured. The test channel signal is input to
the RF directional bridge network to be applied to the
DUT. The signal travels from the test port to the DUT
and the reflected signal (at DUT) returns to the test port.
The bridge yields a vector voltage output in response to
the reflection vector representing the electronic charac-
teristics of the DUT. Details of the directional bridge
operating theory are described in Figure 8-3.

The electrical length compensator cable in the reference
channel of the directional bridge is used to equalize the
transmission line lengths of both channels. This makes
the relative phase shift between the reference and the
test channel signals small, and keeps measurement errors
to a minimum.

Note: Auto-Calibration eliminates the affects of a com-
prehensive phase shift in the measuring circuit on
the measurement results. Electrical length com-
pensation minimizes approximation errors in the
cubic interpolation approximation calculation
applied to the calibration data.

The directional bridge circuit is kept at a constant 30°C
by the A25 Heater Controller. The temperature sensor
on the A9 board sends a control signal to the heater con-
trolter when the directional bridge circuit temperature
drops below 30°C. The heater controller then supplies
power to the heater attached to the directional bridge
assembly. This stabilizes the directional bridge, and
expands the applicable temperature range of the auto-
calibration data.

8-8
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8-24. To enable accurate measurements of the vector
ratio between the test channel and reference channel
outputs at all test frequencies, both outputs are con-
verted into 100kHz IF signals. This permits the use of
state-of-the-art technology in the low {requency vector
measurements, such as a precision phase detector, to
enable improved accuracy in the rf vector measure-
ments. Additionally, the conversion into one frequency
facilitates optimizing the operating performance of the
various circuits to achieve accurate vector measuraments.

The A10 and A1l Samplers perform the frequency con-
version for the wide band measarement frequency signals.
The sampling frequency conversion is made using the
simultanecus sampling pulses for both the reference
channel and the test channel signals. Thus, the exact
phase relationship between the vector signals is main-
tained in the IF output signals. As a result of this tre-
quency conversion, all the measurement frequency
vectors are replaced by equivalent, single frequency (IF)
vectors.

8-25. The sampling pulse frequency is automatically
controlled so that the IF signal frequency is exactly
100kHz. When the measurement frequency is changed,
the A12 PLL Sampling Controller and the A13 Sampling
Frequency VTO monitor the transient IF signal frequen-
cy shifted from the normal 100kHz and vary the sampl-
ing frequency until the normal IF signal frequency is
produced. This sampling frequency control is made in
the following manner:

When the front panel measurement frequency setting is
changed, the Al13 LOCK ENABLE signal is set by the
digital control The LOCK ENABLE signal
actuates the search generator in the Al2 board to release
the free running oscillation of the circuit from the static
balance condition. The search generator outputs a saw-
tooth signal causing the Al3 sampling frequency VTO
to sweep the output frequency. A control signal from the
digital control section sets the VTO frequency band and
the divisor of the frequency divider so that the sampling
frequency is swept at the appropriate search range.
Limiting the search range reduces the time required to
recover the normal IF signal and eliminates the possibility
of selecting a sampling frequency that has an overtone
which may produce the IF signal.

section,


https://www.manualsplus.com/

Model 4191 A

In response to the swept VTO frequency, the frequency
of the Al5 sampling pulse generator output - a 300ps
pulse shaped by the step recovery diode, varies with the
sawtooth ramp rate (frequency modulation). Thereby,
the IF signal frequency approaches 100kHz from a higher
frequency. The frequency detector on the Al2 board
continuously compares the IF signal (shaped to a square
wave) with its own oscillation frequency which is slightly
higher than 100kHz, and when the TF frequency is nearly
close to 100kHz, the frequency detector signals the
search control circuit to stop the search generator saw-
tooth signal. White the IF signal rcturns to the top fre-
quency (during the reverse ramp period of the sawtooth),
the search control circuit closes the gate to stop frequen-
cy detector output. Accordingly, the sampling frequency
control function captures the normal IF signal frequency
during the period of the slower sawtooth ramp.

After the sawtooth stops, the phase detector on the Al12
board controls the IF signal frequency to make it an
accurate 100kHz. The phase detector performs this con-
trol using the 100kHz reference signal supplied from the
A3 board. The integrator in the search generator c¢ircuit
smooths the phase detector output. The VTO control
voltage is slightly corrected in response to the phase
detector output so that the IF signal frequency coincides
with the reference 100kHz.

Note: The following relationship exists befween the
sampling pulse frequency fs and the measure-
ment signal frequency fm.

Nf, — fm = 100kHz
Where, N is an integer determined by the digital
control circuit.

8-26. The Al6 IF Amplifier/Process Amplifier com-

bines the signal selector switches, the IF amplifiers with
LPF, and the ALC circuit. The signal selector switches
transfer, in sequence, the reference channel and the test
channel IF signals to the IF amplifiers so that the IF
signals are alternately phase detected {on the A17 board)
to separate the real and the imaginary components of the
reflection coefficient vectors. The two low pass filters
in the IF amplifier have a 100kHz roll-off frequency and
filter out undesired high frequency components (harmo-
nics and noise) of the IF signal. The ALC circuit detects
the level of the reference channel IF signal instead of the
measurement frequency signal. In response to the de-
tected magnitude of the IF signal, the ALC output (dc)
varies the attenuation of the modulators {on the A5 and

Section VI
Paragraphs 8-25 to 8-27

A6 boards) to suppress the wariation of the measurement
signal. This automatic level control maintains the meas-
urement signal level almost constant against the frequen-
cy response of the filters, frequency converters, amplifiers
and other circuits. During the sampling frequency search
control operation, the ALC DSBL circuit on the A12
board increases the ALC voltage and lowers the measure-
ment signal level. Because the level of the 1F signal also
decreases, this eliminates the possibility that the sampling
frequency controller will be activated by a harmonic of
the IF signail (for instance, the second harmonic of a
50kHz IF).

8-27. The Al7 Phase Detector {A-D Converter separate-
ly measures the magnitudes of the in-phase and the right
angle phase components of the IF reflection coefficient
vectors, The basic principle of the vector measurement
is described in Figure 8-4. The phase detector chops each
cycle of the vector IF input signal using exactly the same
frequency. The phase detector output is proportional to
the magnitude of the vector component, which is in-
phase with the periodic chopping operation,

Note: When the timing of the phase detection has a
phase 8 in reference to the input signal, the
average voltage of the outpurt waveform segments

is given by the equation:

€, = e cos 0O

input €L

Output €0

(fall - wave
phase detection)

o

To determine the phase components of the input vectors,
the phase detector is operated alternately using 0° and
90° detection phase signals (these signals are a pair of the
symmetrical square pulses). The integrator charges and
discharges, using the appropriate vector component

8-9
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Paragraph 8-27

voltages, four times per measurement. The integrator
outputs provide the vector ratios converted into time
intervals for counting them in the digital section. The
slope amplifier magnifies the integrator output waveform
to ensure detection of the discharge slope when it crosses
the zero level. The zero detector sends a pulse signal to
the microprocessor cach time the integrator output
crosses the zero level.

The CsGs circuit on the A17 board produces 0% and 90°
detection phase signals which are precisely 90 degrees out
of phase with each other. The Cs circuit shifts the phase
of the IF input signal by 90 degrees. The Gy circuit pro-
vides the 0° detection phase adjusted to have an accurate
right angle phase in reference to the Cs circuit signal. The
waveform converter, composed of a waveshaper and com-
parator, converts both detection phase signals to square
waves. The polarity switches can invert the detection
phase signals, and, conseguently, four detection phases
(0°, 90°, 180° and 270°) can be used. When the detec-
tion phase is inverted, the phase detector output signal
will have the same voltage, with opposite polarity, as the
non-inverted detection phase signal. Using this polarity
contro!, the integrator can develop the necessary tri-
angular output for the voltage ratio measurement, either
with the charge input is positive or negative,

Note: When the charge inpul is a negative voltage, the
integrator output Is a positive going ramp. Sup-
pose the §° detection phase is used to discharge
the integrator by positive output voltage of the
phase detector; if the charge input is a positive
voltage which produces a negative going ramp,
the 180° detection phase (the opposite polarity)
is wused o discharge the integrator by the nega-
tive outpul voltage of the phase detector. To
control the detection phase, the microprocessor
monitors the polarity of the ramp in the in-
tegrator charge period.

-l ez(0°)
el -ez (8e®)
Detection phase for in-  Delection phase for in-
tegration in the positive tegration in the riega-
domain. tive domain.
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Figure 8-4

PRINCIPLE OF THE VECTOR MEASUREMENT

aqe et : All test channel vector referenced to the detection
phases.

er : ALQ reference channel vector referenced to the de-
tection phases.

The subscripts x and vy are:

X : 0° phase component of the vector.

v . 90° phase component of the vector.

Figure A. Reflection Coefficient Vectors.

The vector diagram in Figure A represents the relationship between the IF signal vectors and the detection
phases of the phase detector. According to this representation, the vector reflection coefficient is catculated
as the ratio of vector eg to vector er. The X axis and Y axis coincide in phase with the 0° and 90° deatection
phases, respectively, The wvector ratio measurement consists of three measurement periods as shown in

Figure B.

Note: The voltage ratio measurement is made using a dual slope integration techrnique as follows:
The ¢ imput charges the integrator for time T,. The ¢, input then fully discharges the integrator in

time Ty . The resultant integrator output is the triangle wave shown in the figure below.

of
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As the sum of the charge and discharge quantities must be zero, the following equation is established:
ke; Ty + ke, T, = 0

Where, k is the integration constant determined by the values of the integrator circuit constants.
Thus, the ratio of ey fo ey is given as:
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