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PREFACE

In respanse 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 41791A 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 capability and wide range zre innovations
beyond the prevailing cancepts in rf impedance measure-
ments. Microprocessor based instrument design provides
fully automatic measurement and ease of operstion
{embodied in the control functions which are ail accessi-
ble through the keyboard). In addition, new 41914
operability enhances bath reliability and efficiency in all
its measurement applications.

Model 41914
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SECTION 1|
GENERAL INFORMATION

t-1. INTRODUCTION,.

1-2. This operation and service manual contains the
information required to install, 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. Fach
microfiche contains up to 60 photo-duplicates of the
manual pages. The microfiche package also includes the
latest manual changes supplement as well as all pertinent
service notes. To order an additional manual, use the part
number listed on the title page of this manual.

P/N 04191-60200

P/N N4181-85302

PN M191-85300

_I’/N 4191-585301 P/N 8120-1378

Figure 1-1. Mode} 4191A and Accessorias.

1-1
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Model 4191A

1-4. ABOUT THE MODEL 4191A.

MULTIPLE
PARAMETER
FEATURES

TEST FREQUENCY
(1-1000 MHz)

WIDE RANGE
CAPABILITIES

1-2

The HP Model 4191 A RF Impedance Analyzer is a fully automatic, high performance test
instrument designed to measure diverse impedance parameter values of glectronic devices
and materials at extended frequencies ranging from MF to the UHF region. The 4191A
measures resistance (R}, reactance (X), conductance (G), susceptance (B}, inductance (L),
capacitance ((), 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 |I'} with phase angle @, real ['x and
imaginary part I'y) of the sample which is terminated at a single 50Q 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 controlted at 100kHz resclution frem 1MHz to
500MHz and at 200 kHz resolution for the higher frequencies (to 1000 MHz). Optionally,
the frequency is selectable at 100Hz resolution for the same frequency range (200 Hz
resolution for frequencies above 500 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 response to start, stop and step parameters pro-
grammed through ifs control keys. By the use of an external signal source of higher fre-
quency resolution, the test frequency can be exactly tuned 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
100mE to 20k, admittance from 100uS to 108, conductance from 20uS to 108, in-
ductance from 0.1 nH to 5 mH, capacitance from .1 pF to 1 uF, 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, Cor
F measurement. The practicable range for reactance is from 100m to 20k, suscept-
ance and conductance from 2048 to 108, equivalent series resistance from [00mQ to
20k, dissipation factor and gquality factor from 0.001 to 1000; and phase angle from
+0.01° to +180.00°.
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HIGH SPEED OR
AVERAGING

HIGH ACCURACY

OPERABILITY

INTERNAL BIAS

FLEXIBILITY AND
EXTENDED USE

Section [
Paragraph 1-4

The two measurement display sections provide simuitanecus 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 measuraments of nearly 5002 impedance elements, and the
instrument has an improved accuracy over its full range. The 4191 A 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 kevs or by HP-IB control capability
furnished in the standard unit. Two delta (&) key functions eliminate the inconvenience
of deviation measurement calculations. These arithmetic functions make possible the
direet 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 panel pushbutton. This confirms functional
operation of the instrument. Ease of operation is further enhanced by the “save’ func-
tion for contipuous memorization of control setiings sustained by battery memory
backup capability. A continuous memory also preserves the auto-calibration dafa and

saves calibration time prior to measurements.

Internal dec bias up to + 40V by keyboard control action and swept voltage bias provide
convenience for bias applications. Precise voitage setting capability enables control of
bias voltage in constant I0mV 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 output capabilities — both of which can be combined in cone 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 reselution of the
synthesizer test signal source by 1000 times. Analog recorder output permits the sraphic
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



Section [
Paragraphs 1-5 to !-14

1.6, 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.

1-8. The Model 4191A RF Impedance Analyzer has
been designed to conform to the safety requirements of
an IEC (International Electremechanical Committee)
Safety Class [ instrument and is shipped from the factory
in a safe condition,

1-%. This operating and service manual contains informa-
tion, cautions, and warnings which must be followed by
the user to ensure sate 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

Modet 4191 A

manufactured. The prefix is the same for all identical in-
struments; 1t changes only when a change is made to the
instrument. The suffix, however, is assigned sequentially
and is different for sach instrument. The contents of
this manual apply to instruments with the serial number
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 (catled
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. If the serial prefix or number of an instrument
is lower than that on the title page of this manual, sce
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 supplerent, contact vour nearest Hewlett-Packard
office.
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Table 1-1. Specifications {Shaet 1 of b).

SPECIFICATIONS

Parameters Measured:

Z

Y & (radian/degree)

l—‘ —
—

I'x _ Iy N

I(; H;—E}G, 5‘:%}‘; 0, @

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

Test Signal (Internal): 1 to 1000MHz

Characteristics! -~ 500MHz | 500—1000MHz
Level (50 load) | -20+3dBm | -203dBm
Prequency 100kHz | 200kHz
Frequency
ACC?II’EICY at 23°C 3 ppm 3 ppm

1. After 40 minute warm-up,
Temperature; 23°C+5°C,

External Test Signal:
Frequency : IMHez to 1000MHz
Input Level : 0dBm typ., -3 to +3dBm.
{Test level: -17 to -23dBm at 50
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.
Manual: Bidirectional step shift (up-down)

of frequency between start and
stop frequencies.

Maximum IMHz to [000MHz,
selectabile in 100kHz minimum fre-

Sweep span:

quency step intervals.

Frequency siep:
Linear sweep: Selectable in 100kHz minimum
step  frequency  intervals (to
GO9MHz).

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 I'x - 'y measurement accuracies). Accuracies
for other parameter measurements are given as
typical wvalues in Supplemental Performance
Characteristics.

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

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

4} Measurcment frequency identical to auto-calibra-
tion frequency points (51 spots),

5} Environmental temperature:
23°C £ 5°C (allows temperatiire 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].

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

n.10a0 e between the referenced value and subsequent re-

. sult to be displaved. {Deviation spread in counts

ACCURACY:9.007+0. DOGOOSF is -19999 to 19999 or from -1999.9% to

Dok . ....‘:‘__..i_... . e 1999 94).

1.0000 T T

fFl. Fx. Tv ACCURACY

LN

] Electrical Length Correction: The effects in phase of
: 1 the reflection coefficient particular to the test
fixture nsed can be automatically corrected by
entering electrical length number of the test fix-
10 ture with DATA input keys.

Input data range: 0 to 99.99cm

DaloE- - o A e
TYPICAL ACCURACY

o noot
| n E1li]
TEST FREQUEMCY F{MHz)

Automatic Calibration: Memorizes measurement re-
sults of reference termination impedances and
automatically performs corrections t¢ optimize
measurement accuracy in subsequent measure-
ments,

| 000G

[ L ek

Reference termination impedances: 0§, 5082
and 08S.

G — - B I

T YALUE

Calibration frequency: 351 spot frequencies auto-
matically selected from within the frequency
range of 1MHz to 1000MHz or of programmed
start to stop frequencies.

B RESOLUTEON

oI N . e |

b 707 e 19— (3 |7 () ()] "

naooal
I Tr-:STIDFREQUI—:N(:‘{-:MH:)IQEI Calibration data at frequencies other than the
selected calibration frequency points are ob-
fained by using cubic interpolation approxi-
mations,

Measurement Range:

|P|- I'x, Py : 0.0001 to 1'00000 Self Test: Performs cyclic operation of internal func-
é:0.00te 118[:!.00 tion tests and displays diagnostic code sets (when
(0 to £ radian) any abnormality is detected).

Internal Bias: [nternal dc bias source manually or
remotely controtlable from OV to + 40V in 10mV

Display: 4-1/2 digit maximum, simultanecus display
{(minimum} steps,

of two parameter values, maximum display 16999,
{(Number of display digits changes depending on

measurement frequency and range). Bias control range and accuracy {23°C % 5°C):
Digit Shift: Nun}ber of.desued_ c.hspl.ay digits (less Bias Voltage Control Range Accuracy

than the maximum display digits) is selectable by +(0.1% of sot

+{0.1% of set-

control key. -40.00V —— 4000V ting +10mV)*
Range Modes: Auto and Hold. * 4+ (0.4% + 20mV) at 0°C to 55°C
Measurement Terminal: Single test port, APC-7 con- Bias cutput characteristics:

nector terminal. 13908 £ 10%, 7.2 mA max. (£10%).

1-6
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Specifications {Sheet 3 of b).

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

Sweep characteristics;
Sweep Mode:
Aute: 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 voitage between start and stop
bias voltages.

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

Voltage step:
Linear sweep: Selectable in 0,01V {minimum)
step voltage intervals {to + 40V).

Logarithmic sweep: A total of 5Q step volt-
ages (5] spot voltages) automatically
setected at logarithmically regular inter
vals, minimum 0.01V (rounds off frac-
tional voltage to 0.1 V).

Fast sweep: Manual sweep at 10 times pro-
grammed step voltage intervals in linear sweep
mode, or by 1/5 of voltage points in logarith-
mic sweep mode.

DC bias monitor: Bias veltage monitor output
{common to external de¢ bias input), BNC
connector, output impedance 1k} + 10%.

Save Fonction: Countinuous 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-
tizes the following data and control settings:

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

2) Automatic calibration data (restored just after the
ingtrument 18 turned on}.

3} Reference values in deviation measurementt,

External DC Bias: External DC bias input connector
on réar panel (commeon to internal dc bias voltage
menitor connector), maximum + 40V,

Bias input characteristics: 3904 £10%, 100mA
max.

Trigger: Internal, external and manuatl.

HP-IB Compatibility: HP-IB interface capability (data
output and remote control per [EEE-STD-458-
1975 and ASCI-MC 1.1).

Remotely controllable functions:

1) DISPLAY A functicns (|Z|, [¥], [T], R, G, Tx,
L and C).

2) DISPLAY B functions (8, X, B, 'y, R, G, D and
.

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 hold.

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

10} Open capacitance.

11y Automatic calibration.

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

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

16) Bias voitage 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).

1-7
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Specifications {Sheet 4 of 5).

Data output:

1) 1Z|, |¥| or |T| with &; R with X; G with B; 'x
with ['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, D] and DF1.

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

Format A.
i. Stationary (fixed) frequency/bias measurement:
Lo KKK ENNN AN X KU AU (E)(D

1A

=]

. Swept {requency/bias measurement or auto-cali-
bration:
o LENNNN NN XK. BN I, XXK SN, NNEﬂN@(F

[E] izan 5713

Format B.
1. Staticnary {fixed)} frequency/bias measurement:

S RAX R, mmwm@@
;MH\NN NhEmw(_ri}(Q

2. Swept frequency/bias measurement or auto-cali-
bration:

XANNNN. Nt (€ (j@

IH
HM
;muwwwc@

Bt
A

(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,
(i) 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 ig coincident with display).

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

Power Requirements: 100/120/220V +10%, 240V
-5% +10%, 48-66Hz.

Power Consumpticn; 150VA max with any option,

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

Weight: Approximatety 24kg (5td).

1-8
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Table
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1-1

OPTIONS

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

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

DISPLAY A connector: QOutputs voltage propor-
tional to three lesse_:r significant digit numbers
of DISPLAY A display outputs {1 mV/count).

DISPLAY B connector: Qutputs 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 : OV
Stop frequency/voltage ; IV

Reference recorder voltages:
LowerLeft (LL) : O, 0, 0 V
Upper Right (UR) : +1, +1, +1V

Voltage accuracy: % (0.5% + 2mV}at 23°C1 5°C
£ {1% 4+ 5mV)at 0°C to 55°C

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

Option 907. Front handle kif, 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 2 reference termimation (short),
(HP P/N 04191-85300),
508 reference termination,
{HP B/N 04191-85301).
08 reference termination {open},
{(HP P/N 04191-85302).

Additionally, accessory box (HP P/N 04191-
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 Avatlable:
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 4191 A 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.

160G3A; Binding Post Fixture, direct coupled, two
binding posts on terminzl deck with APC-7 con-
nector, for helding axizl or radial lead compo-
nents, 7 mm terminal post interval. Usable on all
ranges at frequencies below 250 MHz.

160G3B: 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 MHez,

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

SUPPLEMENTAL PERFORMANCE

CHARACTERISTICS
R-X, G-B measurement
Measuremnent accuracy: © R-X accuracy at D= I
Rt
(o)
|Z|- @, [¥|-8 measurement e
o |Z| accuracy at 8 = 45°; B0k
Zilen) 10 ’
M= = ———e= — L e I/;.
e R T T ool o 52

1635

g
=
3 [=]
o P 10 1% 3
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1G0m e
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it - . it 0 G-B accuracy at D=1:
TEST FREQUENCY (MHz)
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21003 { % of reading ) ]
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]
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L-R/G/D/Q, C-R/G/D/Q
measurement:
0 L accuracy at D < 0.01:

O @ accuracy at 8 =45°;
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ay T |'|°
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o C accuracy at D < 0.01:

R measurement range: 20mQ to 100k
(G measurement range: 10uS to 508
< (LR, (C-)G accuracies at D < 0.01:

GalFl | oimy
| fhat
e 1im
luk
=
=
11m <
=
m
= =
— 1 - -
= R
e
° ]
4 o
-
106a} 5
s
| 5
B 10r =

=

10
TEST FREQUENCY (MHZ}

=)
=
=

1061004 Im 10m & RESGLUTION {5)

[
e, ~ST =
§ - i <] 5
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|Pl-6 and ['x-T'y accuracy temperature coefficient:
|F], I'x, Ty : 0.0001/°C (23 + 5°C)

: 0.0004 (1 +0.015/°C (0 ~ 55°C)

8 : 0.0001/|T" radian/°C (23 £ 5°C)

: 0.0004

Test Signal:

(1+0,010/iT| radian/°C (0 ~ 55°C)
{ f = measurement frequency in MHz)

Characteristics! 1-500MHz | 500-1000MHz
'gg:gi‘;ﬁ‘;cy 0.2ppm/C° | 02ppm/C°
Hatrmonics, THD <-30dB? <-30dRB?
Residual FM <30Hz** < 60Hz?
Spurious Level <-30dB? <-30dB?

1. After 40 minute warm-up,
Temperature: 23°C £ 3°C
2. Level below fundamental.
3. Averaged rms deviation at 3kHz bandwidth.

4. <15Hz at

250MHz and below.

Test signal settling time

Time for test signzl to settle when measurement
frequency is changed.

Less than 200ms

Sweep time
Frequency

SWEEp:

Linear sweep:

Number of sweep steps x 1.1 seconds (typical).

Logarithmic sweep:
58 seconds for 50 steps (typical).
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Table 1-2,

Model 4191A

Suppiemental 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 (typicat).

Measurement time
Normal mode: Less than 800ms
( Displays arithmetic running average of five pre-)
ceding measurcment 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: Less than 10ms

Open capacitance compensation
Typical open stray capacitance (0.082 pF) of *UN-
KNOWN connector is continuously memeorized for
subtracting from measured valugs, The memorized
capacitance value can be temporarily changed by
concealed controls.
Inpitt capacitance value range: 0 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 10631A ( Im)
HP 10631B ( 2m)
HP 10631C { 4m)

HP 10631D (0.5m)

Front Handle Kit:
Kit Part Number 3061-0091

Rack Flange Kit:
Kit Part Number 35061-0079

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 + 3V
2110-0055 _ 4A + 5V
2110-0094 1.25A +12V
2110-0094 1.25A =12V
2110-0004 0.25A +46V
2110-0004 0.25A -46V
2H10-0513 0.125A +36V
2110-0513 0.1254A =36V

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

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. QOptions 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 resolution te 500MHz
and at 200Hz resolution to 1000 MHz.

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

Options 907, 908 and 209 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: Qptions 002 and 004 can be simultaneously instal-
led in a 4191A unir.

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 1MHz to 500MHz and at 200Hz re-
solution to 1000MHz frequency instead of standard fre-
quency resolution.

1-19. OPTION 004,

1-20. The 4191 A Option 004 provides analog recorder
outputs for graphically recording messurement dataz in
swept frequency (or bias voltage} measurements. Two,
from among the three output connectors, provide volt-
apes directly proportional to the three lesser significant
digit numbers of the respeciive measurement display out-
puts (DISPLAY A and DISPLAY B} in the ratio of 1mV
to one count. The other cutput connector affords a
voltage of 0 to I volt in proportion to the swept frequen-
¢y (bias voltage) from start to stop frequency (voltage).

Section I
Paragraphs 1-15 to 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 panel.

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 910 adds an extra copy of the
operating manual and Option 215 provides a service
manual

1-24, ACCESSORIES SUPPLIED.

1-25. Figure 1-1 shows the HP Model 4191 A lmpedance
Analyzer, three reference terminations (HP Part Numbers
04121-85300, -85301 and -85302) with accessory box
(HP Part Number 04191-60200), and power cord (HFP
Part Number 8120-1378). The reference terminations,
accessory box and power cord are furnished accessories.
Additionally, a fuse (HP Part Number 2110-0304 or
2110-0306) is supplied as & service part.

1-26. ACCESSORIES AVAILABLE.

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

All accessories were developed with careful consideration
to accuracy, reliability and ease of measurement. Prirnary
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

HP16091 A 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*l d 7 mm
04191-85302 .
ny L 20 mim
L d 10 mm
4| 16091-60012 5 o

Usable frequency range: DC to {000MHz.
Electrical length: 1.87 cm (typ.).
Maximum applied dc bias voltage: + 40V.

Note: The 16091 A fixture of 7mm inner diameter
(PIN 04191-85302) is actually the same as
the QS standard termination. Thus, this
fixture is nor supplied with the 160914
fixture set since the furrished 08 terming-
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:

S-I3mm
=7, 5F"'Il"ﬂ / ?Zmrrrn %
2= 24mm

A combined slide gauge provides direct readouts
of the physical length of the sample tested.
Usable frequency range: DC to 500MHz.
Electrical length : 0.34cm (typ.).
Maximum applied dc bias voltage: + 40V.
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Section |
Table 1-3

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

Model

Pescription

HP16093A Binding Post Fixture

Test Fixtures (direct attachrent type) for meas-
urement of both axial and radial lead miniature
components. Two binding post terminals at an
interval of 7mm on the terminal deck ensure
aptimum contact of terminals and sample leads.

Usable frequency range: DC to 250MHz.
Electrical length : 0.34cm (typ.).
Maximum applied dc 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:

Usable frequency range: DC to 125MHz,
Electrical tength : 0.34cm {typ.).
Maximum applied dc bias voltage: + 40V.




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

Model

Description

HP160944A Probe Fixture

Test Fixture for measurement of eircuit imped-
ances and components mounted on circuit
assemblies. The probe adapter unit can be at-
tached at the tip of an extension ling 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 fmm
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 © 232 cm (typ.
Maximum applied dc bias voltage: ®40V.
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Section II
Paragraphs 2-1 to 2-8

SECTION 1l
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.

2-4. 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 carriet’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 Self Test) and
the procedures for checking the 4191 A Impedance Ana-
lyzer against its specifications are given in Section IV.
Firstiy, do the self test. I the 41921 A 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 (sce
fist at back of this manual). The HP office will arrange
for repair or replacement without waiting for claim
settlement.

2-5. PREPARATION FOR USE.
2.6. POWER REQUIREMENTS.

2-7. The 4191A requires a power source of 100, 120,
220 Volts ac = 10%, or 240 Volts ac +5%-10%, 48 to
66 Hz 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 41%1 A line switch to on,
verify that the instrument is set to the voltage
of the power supplied.

100V OPERATION 220V OPERATION

100wy 100%~

120%. ——| =2 :><': o= ===
220%u ' 220 — :><
240'\1’-”-;—"— 240\@—1_ =

120V OPERATION 240V OPERATION

100Y-
Lo T oy R 120y =
120V~ >< X
Z2 0 —— ot = 7 P e i=f =
240‘"'%_1—  — | 240\"'\1—‘-]“ e } o

FUSE SELECTION

Operating Fusc Fuse
volfage ratings Part No.
100V 1.5 A
120V Slow Blow | 2110-0304
220V 0.75A
240V Slow Blow | 2110-0360

Figure 2-1. Line Voltage and Fuse Seiection,
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HP Part No. §120-1688
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Note E: Earth orsafety ground.
L: Line of active conductor.
N: Neutral or idenlilisd conduetor.

Figura 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 sore that onfy 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
Flectrical Manufacturer’s Association (NEMA) recom-
mends that the instrument panel and cabinet be grounded.
The Model 4191A is equipped with a threeconductor
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 outlet, use a three
prong to two prong adapter (HP Part No. §1251-0048)
and connect the green pigtail on the adapter to power
line ground.

Caution:

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

2-13. Figure 2-2 shows the avaitable 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 contreller and/or output device
using HP-IB interface capability (IEEE-488-1975), con-
nect HP-1B interface cable between rear panel HP-IB
connectors of the instruments.

Section It
Paragraphs 2-G 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% te 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
frant of instrument.

2-21. INSTALLATION OF OPTIONS 907, 9208 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 ......... -35°C to +65°C
Humidity ................... to 95%
Altitude .. ................ 500001t

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 Hewleti-Packard offices. If the instrument is
being returned to Hewlett-Packard for servicing, attach a
tag indicating the type of service required, retwrn address,
model number, and full serigl number. Also mark the
container FRAGILE to assure careful handling. In any
correspondence, refer to the instrument by model number
and full serial number.

23
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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 tap
indicating type of service required, return address,
model nember, 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.

Maodel 4191 A

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,

: Kit : : :
Option Part Number Parts Included Part Number . Qty 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 9.525 mm
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 |(3) 5020-8876 | 2
| 5061-0085 #8-32 x 5/8 Screw 2510-0194 | 8 15.875mm

. Remove adhesive-backed {rim Strip®from sides

. HANDLE INSTALLATION: Attach front handle

. RACK MOUNTING: Attach rack mount flange

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

at right and left front of instrument.

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

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

HANDLE AND RACK MOUNTING: Attach
front handle@and rack mount ﬂange@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.

24
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Section H
Paragraph 3-1 to 36

SECTION 1INl
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-
fion 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 keved to the associated descriptions.
Other detailed information for panel displays and con-
trols is covered in paragraphs 3-5 and those which folow.

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 memeorized measurement se

quences stored in the intermal 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-
plaved in DISPLAY B as illustrated below:

When no abnormality is detected during the diagnostic
test routine, the DISPLAY B is normaliy blank, SELF
TEST function key on the front panel allows the diaghos-
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 annunciation 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 thar those giver in DIS-

PLAY B section have no meaning in diagrostic
test restilis.

31
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DISPLAYS

Trigger Lamp: Tumns 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 capacitarice values (|7, {Y/,
I}, R, G, I'x, L or € in a maximum 4-1/2
digit decimal aumber from 0000 to 19999
{the number of digits change depending on
instrument control settings). Simultaneous-
[y, 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 snnunciation figure (either -OF- or
E-06)appears. Otherwise, during the CAL-
IBRATION (8) function, a “CAL” or
"Conn”, figure is presented in the display.

DISPLAY B: Displays phase angle, reaci-
ance, susceptance, imaginary part of vector
reflection coefficient, resistance, conduct-
ance, dissipation factor or quality factor
value (8, X, B, '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 controi
settings) along with decimal point and ap-
propriate unit.

If measurement is not achieved, an error
annunciation figure (either -OF- or E46)
appears similar to that given in DISPLAY
A. During the calibration function, either
“Q7, “087, “5092" or “END” annuncia-
tion display is provided in conjunction with
the indications in DISPLAY A(Z). Test
results for diagnostic SELF TEST are
also displaved.

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 bhias parameter data (start,
stop and step voltage setting data) are also
confained 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 a maximum of 7
digits. If an Inappropriate test parameter
input operation is made, - OF- or one of
¢leven error annunciation displays (E-01 to
E-12 except E-1Q) provides specific in-
tormation abourt the nature of the operating
Brror.

Figure 3-1. Froni Panel Features {Sheet1 of 9).
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BASIC CONTROLS

LINE ON/OFF: Turns instrument on and

readies instrument for measurement.

HP-IB Status Indicators and LOCAL key:
Four LED lamps for SROQ, LISTEN, TALK
and REMOTE indicate the status of inter-
face between the 4191A and HP-1B con-
trolter. LOCAL key enables front panel
control instead of remote control from HP-
IB line {when controller does not set the
instrument to local lockout statug).

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

@ (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 mannet.

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

Sectiom I
Figure 3-1

Parameters measured:

|Z

N

I

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

Absolute value of vector admittance
(|Y| ) together with phase angle (8)
in degrees or radians as the vector
admittance expression ([Y] £8) of
the sample.

Absolute value of vector reflection
coefficient of the sample which is
terminated in 505 TUNKNOWN
test port @ . Phase angle (@) is
simultaneously selectable in degrees
or radiang as representation of the
vector reflection coefficient (|
LAy,

Resistance {R) fogether 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. Frort Panel Features (Sheet 2 of 9),

3-3
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x:

L:

Nate:

BASIC CONTROLS

® ®

Model 4191A

Conductance (G) together with
susceptance (B)., These two para-

meter values represent the real and

imaginary components, respect-

ively, of the vector admittance

{Y =G + jB) of the sample.

Real part (I'x) of vector reflection
coeflicient together with imaginary
part (I'yv). These two 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
((3), dissipation factor (13} or quality
factor (Q).

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

Furameter  selection  circles  from
bottom to top (or top io bottom) as
long as the same directivagl {
oF @ ) key is pressed {rhat is, it
moves in the same direction).

-

DISPLAY B function selector and indica-
tor: @ {down) key selects the sib-
ordinate measurement parameter to be
simuitancously combined with the primary
parameter (set by the DISPLAY A function
selector @ }. The parameter positioned
pext 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.

d (deg): Phase angle (#} in degrees to-
gether with impedance ( 1Z]), admit-
tance ([Y!) or reflection coefficient
(|3 measurement.

g {(rad): Phase angle (f) in radians in-
stead of degrees.

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

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

T'y: Imaginary part (I'y) with real part
{ Fx) of vector reflection coefficient
measurement.

3-4
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R: Resistance (R) together with in-
ductance (L) or capacitance (C)
measuremnent in a series equivalent
circuit representation of the sample.

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

[»: Dissipation factor () fogether
with inductance (L) or capacitance
(C) measurement.

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

AlA%: These keyvs 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.

& {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 valug,

A% The difference in percent deviation
of a measured value from the refer-
ence value 1s displayed (this func-
tion is enabled by pressing
key prior fo pressing this button).
The percent deviation calculation
follows the formula:

A -

T X ]00(%)

BASIC CONTROLS

Section M
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
peint in a swept frequency mea-
surement is entered by successively
getting a frequency number.

STOP: A frequency for sweep stop
point in a swept frequency mniea-
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 retease the Munction, press
anather PARAMETER key.

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

Figure 3-1.

Front Panel Features {Sheet 4 of 9),
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Figure 31

BAS!C CONTROLS

>

@ ENTER: This key actuates the instrument TRIGGER: These keys select trigger mode
to read test parameter data set by the for triggering messurement (Internal, HEx-
PARAMETER and DATA @ input ternal or Hold/Manual).
keys. A test frequency, an electrical length
or dc bias voltage input data can be actuated INT: Internal trigger signal enables in-
45 an instrument control setting just after strument to make repeated auto-
this key is pushed. matic measurements at a measuring

rate of approximately 800ms

@ SWEEP FREQ/BIAS (MANUAL): In a (250 ms in high speed mode}.

swept frequency measurement, the test fre-
quency shiftstoa loweror higher frequency,
respectively, at the step frequency intervals
{(previously programmed) each time the

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

STEP @ or El key is pushed. The nector.

test freguency continues to shift digitally HOLD/MANUAL: Measurement is trig-
as long as either of these keys is being de- gered each time this key is pushed.
pressed and held. When the STEP key is Measurement data is held until the
pressed simultaneously with FAST key, the key is again pushed.

step frequency interval is expanded to ten

times the programmed wvalue (in linear @ RANGE HOLD: This key fixes measure-
sweep made) or to one-fifth the frequency ment range (even if sample is changed).
points (in logarithmic sweep mode). Con- Otherwise, the range is automatically fixed
sequently, the test frequency is swept in a when DIGIT SHIFT key is pushed or
shorter tire (at a sacrifice of frequency re- when a deviation or a swept {Tequency/bias
solution in the measurement results). These measurement is being taken.

keys also function to provide similar control
nput demands for a swept voltage bias
measurement.

Figure 3-1. Front Panel Features (Sheet & of 9)
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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
kev is pushed. Thus, display output 15 ex-
tinguished in this crder beginning with the
least significant digit. DISPL B key actuates
the display output of DISPLAY B @ in
like 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 LED. When the instrument
is equipped with Option 004, this function
enables analog recorder output propor-
tionate to the appropriate three element
digit numbers of the display output. This
function is released by pressing RANGE
HOLID» @ key.

Blue key: This key is pressed prior 1o
pressing a blue label function key to inter-
change a normal key function with a 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 Ml
Figure 3-1

taking measurements with three kinds of
standard terminations (02, 05 and 50&,
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 affer
the power is 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 {00, 08 or 50a)
is connected.

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

Figure 3-1.

Frant Panel Features (Sheat & of 8}
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BLUE LABEL FUNCTIONS

Model 4191 A

o o

The blue label funetions 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 setfing the voltage
number through DATA input keys @ .
To release the function, press another
PARAMETER key.

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

€

@®

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

RCL 1 and RCE 2: These kevs recall the
panel control settings memorized by the
SAVE | or SAVE 2 function (21).

SELF TEST: This key performs an auto-
matic check for diagnosing the functional
operation of the instnument. An indicator
lamp above the key lights during the test.
The dizgnostic test repeats until this key
is again pushed fo release the SELF TEST
{after pressing key). If the instru-
ment is faulty, an error imessage 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-
guency (or swept voltage bias) measure
ment. An indicater lamp above ¢ach indi-
vidual 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 interpolations 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 teft corner of the
scale area.

UR: Provides z reference voltage (1V)
for recorder full scale adjustment.
Positions recorder pen at upper
right corner of the scale area.

SWEEP FREQ/BIAS (AUTO): These keys
control implenentation of an auto sweep
mode of operation. START @ key
starts a single swept frequency measure-
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 pushed,
the AUTO indicator lamp above the keys
lights to indicate that the insirument is set
to auto sweep mode of operation. PAUSE
key temporarily stops sweep frequency at a
desired frequency siep peint until either

or @ key is again pushed (after

pressing key).

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

During swept measutement meode of opera-

BLUE LABEL FUNCTIONS

Section M
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 rveleasss auto
sweep frequency (bias voltage) measure-
ment und activates a stationary frequency
measurement at the [requency (voltage)
point where the sweep mode is teleased.

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

Logarithmic sweep is also feasible in 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 leev).

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 improved 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 (Blue] key).

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 @ {electrical length
18 indispensable in optimizing measure-
ments).

Figurs 3-1.

Front Panel Features [Sheet 8 of 9).
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UNKNOWN connector: This c¢onnector
provides the capability for connecting and
installing an accessory test fixture specially
matched to the 4191A or a user-built test
Fixture. The APC-7 connector test port, of
two terminal conhguration, has a charscter-
istic impedance of 500 which is equal to
the base impedance in reflection coefficient
measurements. This base impedance repre-
sents the reference in the normalized im-
pedance calculations for multiple parameter
derivations.

160914

160924, 16093A7

UNKNOWN CONNECTOR

Modz] 41914

@ Test Fixiure 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 160924, 16093 A
or 16093B 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 Fixrres:

The coaxial fixture s 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.

16092 A Spring Chip 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 4191 A are set into the twin locating holes at
the corner of the deck.

Note: For detailed instructions for usage of test Jix-
tures, refer to paragraphs entitled "DUT CON-
NECTION' (pages 3-31 through 3-35)

3-10
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EXT TRIGGER Connector: This comec-
tor is used for externally triggering the in-
strument by inpuifing an external frigger
signal. TRIGGER key on front panetl shoukl
be set to EXT.

HE-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-
drassable.

DC BIAS Selector Switch and Connector:

INT EXT switch: This switch selects be-
tween internal or an exterpal de bias
SOUTCR:

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-
mun of + 40 voits through EXT
INPUT/INT MONTTOR connector.

EXT INPUT/INT MONITOR connectot:
External de bias voltage can be applied
to sample up to a maximum of 40 volts

(100mA max) through this connector.

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

Input impedance: 39080 + [0%.

REAR PANEL FUNCTIONS

QOO ®

)

Section T
Figure 3-2

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

~ LINE Input receptacle: AC power cord
15 connected to this receptacle and ac
powet line.

FUSE Holder: Instrument powerline fuse
is installed in this holder:

100/120V operation:

1.6AT (PfN 2110-0304)
220/240V operation:

B00mAT (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%, 48-66Hz.

RECORDER OUTPUTS (GPT 004) Con-
nector: With Option 004, these connectors
output analog voltages i proportion to
measurement display outputs and tesi
frequency (ot internal de 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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FREQ/BIAS Connector: Outputs analog
voltage in proportion to test frequency
or internal de bias voltage from 0V 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
SWEEP function is set.

REAR PANEL FUNCTIONS

Model 41914

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

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

3-12
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3-7. MEASUREMENT FUNCTIONS.

3-8. The model 4191 A 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 ¢lassified, for dispiay 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
2] | Absalute value of vector impedance,

Yt { Absclute value of veetor admittance,

I} | 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 meaqure-
ment parameters included in the DISPLAY B functions
are listed in the tabulation below:

DISPLAY B [unctions
# (deg) | Phase aagle in degrees.

#(rad) | Phase angle in radians.

X Reactance.

B _ Sus¢eptance,

154 Imaginary part of vector reflection coeificient.

Rew+| Fquivalent series rasistance,

G =I53=| Parallel conductance.

D Dissipation factor.

8} Quality factor.

Section I
Paragraphs 3-7 to 3-10
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The relstionship of the combinability of subordinate
parameters to major measiurement 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
Z, ¥, IrRiG |&| L, C
#ldeg), s(rad) [ X [B |V | R, G, D,Q

DISPLAY A
DISPLAY B

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

39. 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 valug stored in the infernal memory. When the store
mode operation is enabled, the insirument memorizes the
measured values for DISPLAY A and/or DISPLAY B
parameters, or otherwise the data input nambers as the
reference value(s), The difference between the subseguent
measurement and the reference value is displayed in the
form of a subtraction as a A (delta) measurement crasa
percent deviation A% (delta percent} measurement. The
deviation measurement procedure is deseribed in Figure
3-8.

3-13
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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[I'l, R, G, I't, 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 nappropriate panel control operation
is made, an error annunciation figure E-06 (Error 6)
is displayed until the erroneous measuremeni arrange-
ment is corrected (refer to Table 3-6 for the annuncia-
tion display meanings). When an auto-calibration needs
o 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 iZ|, {¥| or |I'| measurements; react-
ance (X) in R measurements; susceptance (B) in G mea-
surements; imaginary part of vector reflection coefficient
{ I'v ) in conjunction with real T"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 *“0£2", “05%, “508" or “END”
figure appears providing information relevant to the dis-
play in DISPLAY A. When a diagnostic SELF TEST is
performed, displays of the test results are exclusively
provided in DISPLAY B.

3-14
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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 2 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)

= Electrical length value

s Relerence values {in deviation measurements)

The display is given in a maximum 4-1/2 digit decimat
number along with an adjacent unit indication {(MHz,
em or V) at the right side. Option 002 unit offers 2 maxi-
mum 7 digit readout to permit the full digits of the test
frequency setting number to be displayed at 0.000]1 MHz
resolution. An example is given below:

If an unacceptable inpui parameter number is set or if an
inappropriate control operation is made, -OF- ar an error
message (E-01 to E-12 except E-10}) is displayed until
the control input demand is sutomatically released or the
erronecus 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 instesd of an auto-
matic setting for the optimum number of digits (select-
able number of display digits can not exceed those of an
automatic settingd. 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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315, 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
capabHity with a simple key board operating procedure.
Coupling the powerful controt and computation capabil-
ity of an external calculating instrument (HP desktop
computer) through the HP-IB line, enables the 4121 A 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 test signal are shown in Table
3-1.

Table 3-1. Test Frequency Setting Ranges.
Instrumient Standard Opt. 002
. bpuen e .
Spot frequency L0 - 10000 —
: 4 1000.0 MHz | 1000.0000 MHz
siep |01 0.0001 --
999.0 MHz | 999.0000 MHz
Sweep Start N0- £.0000 —
frequency 1000.0 MHz | 1000.0000 MHz
parameters o o
S100 | 1000.0 MHz | 1000.0000 MHz
Frequency [ 500" .MHZ 100 kHe ~ 100 Hz
resolution | >S00 MH4 ~ 200kHz | 200 Hz

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 faken {at each
sweep step frequency).

50

1+.1000MHz
- T4dBm

Figure 3-3. Test Signal Level.

Section I
Paragraph 3-15 to 3-20

3-17. RANGING

3-18. The 4191 A measures sample values on one range
for whichever measurement parameter 15 selected. Each
of the selectable measurement parameters is derived
from reflection coefficient measurements using para-
meter conversion calculations {performed by the 415 1A},
The reflection coefficients are always measured as values
in the range of |['| = 0 and |T| = 1 for any impedance
element (from O£ to infinity — o £2). 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 function allows
fixing the multiplier and decimal point 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 (== ohms) as the measurement parameter
values are franslated from reflection coefficient measure-
ments. However, the practical measurement range is
defined in relation to accuracy and resolution 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 cach parameter meas
urement range in which sample values can be measured
at accuracies better than + 5%.

Because the reflection coefficient parameter measuee-
ment capability spans its entire range (|I'l = 0 and
IT'| = 1) at almost constant accuracy at any test fre-
quency, a reflection coefficient range graph is omitted.

3-15
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Paragraphs 3-21 and 3-22

3-21.

3-22.  In reflection coefficient ([I'|-8, Mx-T'y) measure-
ments, measurement display outputs are provided at a 4
digit constant resolution from 4.0000 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 sip-
nificant digits of converted parameter values decrease as
reflection coefficient values increase {near 1). The 4191A
autamatically 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

Maodel 41914

DISPLEY & mam.av &

Significant zero J
Less significant zero

fLess significant digit dara identifies the mean-
ingless numbers related to the uncerrainty of the
medsurement 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 significant displgy sample which is somewhat greater than 150kQ is dis-
digits indicate zero figures. The lesser significant played as either 150 k2 or 200k (the values 16¢, 70,
digit data (zera) are represented by small zeroes 180, and 190k are not displayed). This skip in readout
fo) figure to differentiate them from significant display also occurs when a measurement is taken for high
Sflgures which are represented by large zeroes {0), dissipation factor or high quality factor values.

Capacitance Range at D<0.01 Indyctance Range at D<0.01
Th Tn
T00n = 100u
10nt 10w
o =
@ T « Ty
= =1
2100 o7 00k
Ly L]
[= =
5 ) 3
S 10p 43 Ton
=R it =
R b
{0}
1p 1n
100f it Ui T00p =
1000

i 10 160
Test Frequency (MHz)

10
Test Fraguency (Miz)

Figure 3-4. Measurement Ranges [Sheet 1 of 2).
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Figure 3-4. Measurement Ranges (Shaet 2 of 2),
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Paragraphs 3-23 and 3-24

3-23. CIRCUT 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 orin paral-
fel with the other. This representation is possible by
either of the equivalents (series or pasallel) because both
have identical impedances at the selected measurement
frequency by properly establishing the values of the
equivalent circuit ¢lements.

The 4161A 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 sef as
shown in Table 3-2.

Parameter values for a component measured in a parallel
eguivalent circuit and that measured in 2 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 419]A

However, the sample value measured in a parallel 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,

Tahle 3-2, Measurement Circuit Mode.

DISPLAY A DISPLAY B Circuit Mode
R X e o
G B ' S
G ' L
- R, D Q T
R A
¢ G,D,0Q Epia

Nare: Impedance, admittance, reflection coefficient
and phase angle values are idenrical for both
the series and parallel equivalenr circuit repre-
sentations. Such equivalesits are thus omitted

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

Rs
jXs  Rs RsZ + X2 -~ ©
W =
Xs
_‘—m = -B
J Re? + Xg? )
¥p = _.L =G + jB
7z = Rs + jHs Ip
{0s = Rs/¥s) (0p = 6/B = Rs/¥%s)

When the conditions for the above eguations
are satisfied, the parallel and series ¢ir-
cuits have equal impedance {at a particular
frequency point).  MNote that the dissipation
factor 35 the same in both eguivalent civr-
cuit representations,

Dissipation Factor Equations,

{ircuit Mode} Dissipation Factor ng:g:s:ﬂggego
c Cs = (1 + D) Cp
A PR B § 2
.-I ]— 2nfCpRp Q Rs = D Rp
Rp 1+D?
¢ Cp = e €S
Ls Rs 1 1+
—i-w— | 0 = 2afCsRs = —
¢ fq 1+0°
p = Rs
DZ
_ 1
Ly B Y
0 = 2rflp _ 1
- 2
Ko Rp s - 072 Rp
. 1+0D
tn= {1 + Dz) Ls
Ls Rs D Rs 1 P
= = z
T eifls  Q {Rp = +2D Rs
i]
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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
compasition 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” configurations 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-
quency ranges.

Thus, a vector measurement in the rf region is more
conveniently handled by a “distributed constant
measuring circuit” arrangement. Its advantage is that
an equality in charactenistics 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-ratio meus-
urement method (useable at low frequencies), the
reflection and/or transmission coefficient parameter
values are measured to obtain the desired character-
isties of the sample.

The 4191A applies a measurement [requency test
signal to the sample which is terminated at the test
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 reflaction
coefficient I is defined as:

[
P
Vref

r= = Tx + T
Vinc I L

L

|
:
;_H.I_L

T (cas® + jsin®) = [P} ¢ @

H

THE 4191A MEASUREMENT PRINCIPLES

Section W

Where, Vref 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-
tien line (measuring circuit), the reflection coefficient
is a function of the propagation line fength. The
reflection coefficient measured at distance £ from
the termination point is represented as:

. 2a w
- —2ifR = e = i
e e (8 N A }

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

Note: Artenuation coefficient of the test signal
propagation line is neglected in this discus-
XIOH.

In practice, the measuring point where the reference
tetminations are connected for auto-calibration (nos-
mally the UNKNOWN connector contact surface) is
taken as the reference of the line length &

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 ele¢-
trical length value in the performance characteristics
data and is entered at the keyboard before taking
measurements.

All mesasurement tesults automatically compensate
for the electrical length effect of the test fixtuse
using correction calculations based on the above
equation.

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

fr -1
r =—
r + 1
1 +T
Iy =———
1 -T

Where, Zr is normalized impedance of the sample
defined as: Zr = ZxfZa
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The base impedance Zo0 is identical with the char-
acteristic impedance of the test port, that is, 5082,

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

1 + I
1 -T

Ix

Zo ()

iZ| (cos® + jsing)y = |Z| 2 8

R +jX

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

1 - Fx? - Iy?
R =2 (1 - Tx)® + I'y?
X = 2y

(1 - I'x)* + I'y?

Other measurement parameter values are caleulated
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:

'=Ix +jly = [T|(cos & + jsin )
=l L ¢ IPf= o/ Tx% + Ty?
Z=R+jX = |Z|(cosh + jsin8)

|z 8 Z =R + X2

ix
jJ(e

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

_ Ix - Zs _ 1+ T
F—-—M——Zx_'_zu Zx Zo]“r

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:

a

Zx - 50 _ Zr - 1
Zr + 1

Zx + 50
3-20

1+r1

ZK:SD'I_F

Where, Zr {(normalized impedance) is given as:

i, - =R X -
Zr = ZxfZo = Zxf50 = o * 50 " Rr + jXr
I'x = Rre+ X2 -1 v = 2Xr
T Rr+ 12+ X2 Y U Ret D2 X2
- T - IM'x?2- I'y? _ 2Fy
R =50 (I - I'x)2+ y? 50 (1 - x)2+Ty?

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

DISPLAY A Parameters DISPLAY B Parameters
|Z] S RE4XE g tan"l—ém
— 2% e
] VRiKE 4 tanhﬁ* (= taniﬁ
R X
G R+ X7 8 R
RE+¥2 7 1 5 R
21X . 2mfB R2+)2
L R R
A
: R
et 0.0 ‘e
1
Kiid R R
R
¢ P N "R
21 F(RE+X2) <= wa) R [ 1
D;O Y (_ D)
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Table 3-4
Tabls 3-4. Parameter Conversion Formulas
DISPLAY A parameters
Sample
P 171 [Y] R G L C
C R wl 2p2
1 SN A w*C=R
Hrw ez PR T T ek R T+ IR cx
i ] &
-ED- 1}'“12(;24. G2 1/w2[:2+ G2 G2+ w2 & — C*
G
L R 1 R
e | Ja?l2+ Re Yol R Re+ L2 L* -
L
o wb ] 2L26
-I:::j_ 7+ G? - Zr 262 G L*
M V1 + w2l2G? w?l T + wil2G
DISPLAY B parameters
Sample
P p X B R G b (1/0)
C R a1 1 al 2C2R
1 _ fa)
- | -tantoe o€ TF w2CoR2 R T+ w2C7Re wCR
i C C G G
A oW b
-E:\D- ~tan G G2+ w22 ul G2+ w2C2 G @G
G
L R
“l UJL 'mj- _______R -——R
s tan "5+ wk " R2+ 212 R RZ+ 22 wl,
L : '
-1 al, 1 wil2G
"E::j' tan 1% T + w?l262 "l T+ w2262 G wlB
G

* Note: Measured value for measurement circuit mode is same as equivalent circuit of sample.
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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. TFhis 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.

IOPHON ANNUNCIATIONS

The instrument first displays the HP-IB address number to be used when interfacing with other HP-1B
equipment. Simultaneously, installed option content is, if Option 002 andfor 004 is installed, 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 iflustrated
below:

O-EFLAY A & DSpLar Bﬂ

H - Hor

T_ Analog Recorder Output
Option {Option 004),

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

|10 MINUTE WARM-UP

An intematl timer delays instrument operation for the 10 minute warm-up time needed to stabiiize the
temperature confrolled circuit block in the instrument. During the preparatory warm-up operation,
the option annunciation figures are continuously displaved. If any panel controt key is pressed before
the 10 minutes warm-up time is complete, an error message figure (E-07) will appear in Test Parameter

Data Dhsplay.

Nares: 1. Perform o running warm-up of at least 40 minutes fo settle instrument into its specified
performance,

2. If ac opergting power is momentarily lost after warm-up, the measurement 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 displgyed), and again press a key. The instrment
will praceed to its initial control seftings.

Figure 3-5. Initial Mode Settings (Sheet 1 of 3).
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INITIAL MODE SETTINGS

INITIAL CONTROL SETTINGS

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

DISPLAY A function ........... .o iivraenans e |Z}
DISPLAY B functom . ... vt it e e e s g (deg)
AfAT (DISPLAY A) o e off
AIAT (DISPLAY B) ..o e off
SPOT FREQ ...ttt e et e e e 1.0 MHz
STEP FREQ ... i it e 1.0 MHz
START FREQ ... i e e i i.0 MHz
STOP FREQ .ttt ettt 1000.0 MHz
REE A oottt e e e e e ne (12}
REF B ot e e O deg (7)
ELEC L ottt et e e e et e e e .00 ¢cm
QELF TEST ... e e e s off
HIGH SPEED ...t et e et e e off

LOG SWEER e e e s off
TRIGGE R oo e e e INT
RANGE BOLD ..ttt e e et e e off
CALIBRATION ..ttt e e off
SPOT BIAS . .ot e e e e ov
STEP BLAS ottt i e e 01v
START BIAS ot it e e e -40V
ST BEIAS . ittt e e e 40V

INITIAL CALIBRATION |

Calibration data for the entire 4191 A frequency range ({MHz to 1000 MHz) is present in the instru-
ment’s continuous memory (when the instrument is shipped from factory). Accordingly, the in-
strament can usuaily begin taking measuremers using these initial controt settings. Thus, the im-
pedance value of a sample can be measured by mercly 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 ecither of the following states:

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

2. 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 inpuf keys
and, next, press ENTER key.

{Example) Upper limit frequency = 100 MHz

MHz ©m

W
Key strokes: []lIOI[OH ]

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

Check whether the CAL anaunciation display occurs or not. Next, set the lower limit test frequency
number in Hke manner.

If CAL annunciation {5 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 15 described in the paragraph which follows.

Note

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

Figure 3-B. Initial Mode Settings (Shest 2 of 3).
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e [NITIAL 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-
TFION key, the 4191A goes into its automatic calibration operating mode. Through the calibration
routine, trial measurements with definitive reference terminations* (082, 08 and 508) are made to
calculate the correction factors based on measurement deviation results from the reference values. The
4191 A 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 tevel of the inaccuracies inherent in the reference terminations.

*Note: The reference terminations are supplied accessories FHP part numbers are 04181-85300 for 352,
04191-85301 for 5051, and 04191-85302 for OS5 termination).

Note: The 082, 05 and SOQ reference termination devices provide references for exget I = 1Lm, I1L0
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 = (), and the center of the chart. Auto-calibration optimizes measurements using these
references so that measured yalues are exactly coordinated with the proper points 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 parameier value
can be represented corvectly by the opfimized coordinare.

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 [urther 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 4121 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 frequency range, This paragraph firstly describes the basic calibration proce-
dure for calibrating the instrument over its entire test frequency range and, secondly, describesselective
calibratior (for a defined frequency range}:

1. Depress LINE butten to turn instrument om.
After the 10 minute warm-up time is fulfilled, the instrument controls are automatically set
(initial control settings).

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

DISPLAY A and DISPLAY B ... ... ... ... ... ... R-X
CALIBRATION ... ... on
Start frequency ... .. .. L 1.0 MHz
Stop frequency ... ... ... .. e 1000.0 MHz
TRIGGER ... e e INT

(Measurernent parameters are now, in actuality, set to an I'x - T'y measurement.)

The indicator lamps for the above functions (except for start and stop frequencies) and SPOT
FREQ/BIAS key lamp light. Concurrently, “Conn™ 002" figures appear in the displays to in-
dicate that the 02 reference termination should be connected to UNKNQWN connector, as il-
iustrated below:

Note

The abave "“Conn 0Q7 annunciation figure does not appear when complete calibration
data, used in previous medsurements, has been memorized. Also, the “Conn 08" and
“Conn 50Q" 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 08 termination to the UNKNOWN connector s¢ that each is face-to-
face with the other.

Caution: Carefully handle the fermination so as nof to impair its precision contact surface.
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5. Rotate the 02 termination cap nut clockwise until it is firm (tecmination 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 regujar *20MHz
frequency intervals to 1000 MHz). Measurement data taken for the 08 termination is simulta-
neousty displaved as illustrated below:

MEMAY £ DISFLAY B

S O o B o | 0oL E 3 e

After an interval of approximately 50 seconds, the Q£ calibration ends at 1000.0 MHz test
frequency.

*Note: 19.98MHz for option 002 units,

[os CALIBRATION

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

———— 5 LT A \ DI3PLAY B |

Connm o
_@y

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

8. Rotate the 02 termination cap nut counter-clockwise and remove the Q) termination.

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

10, Press CALIBRATION START batton.
Test frequency display is reset to LMHz and restarts (succeedingly shifting in the higher fre-
quency direction). Measurement data (I'x and Ty values) for the 08 termination is displaved
simitar to that for 08 calibration. The 0S8 calibration ends at the 1000.0 MHz test frequency
approximately 50 seconds from the start.

500 CALIBRATION

11, “Conn™ *502™ figures appear in the displays to indicate that the 500 reference termination
should be connected to UNKNOWN connector, as itlustrated betow:

DIBPLAY & » CuERLAY B

Lo i |
- Jonl

Measurement parameter indication changes as follows:
DISPLAY A and DISPLAY B ... ................ I'x-T'y
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12,

13.

14.

15.

Model 41914

Rotate the 08 termination cap nut counterclockwise and remove the termination.

Rotate 5080 reference termination coupling nut counter-clockwise (as viewed from contact
side) until the coupling sleeve screw is at itg Innermost free position.

Carefully couple the 308 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 1MHz and restarts (succeedingly shifting to higher frequen-
cies), Measurement data (T'x and I'y values) for the 508 termination is displayed similar to
that for 062 and 0S calibrations. The 502 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|-@ (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 rnot be qchieved for either 0, 05 or 500 standard, "CAL
END'' annunciation display will not appear.

2. Correction fuctors af frequencies other than at the calibration frequency poinis
are auromatically calculared using cubic interpolation approximations.

3. Typical value of the UNKNGWN connecror stray capacitance (0.082pF) is con-
tinuously memorized in the internal memory and is used for the correction
Sactor calewlations (with nothing connecied to the UNKNOWN, the 41914 thus
displays approximately (.08pF),

4. Electrical length input data has no effect on the calibration resudts,

5. The measurement data displayed for the individual rerminations are approxi-
martely equal to the values listed in the table below.

Termination 1) 08 300
DISPLAY A -0.7~-1.1 0.7~ 1.1 -0.1 ~01
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 termination connector surfaces for dirt.

Note

The calibration data iz sioved i the internal memory and vetained by virtue of
the battery memory backup capability (until new calibration data is taken and
stored to update the previously memorized datal.
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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 calibratien frequency step intervals), the calibration can be again performed with
respect to the 08, 0% or 508 reference impedance terminations (separately) or to the desired fre-
Quency range.

Note: If the CALIBRATION functinn is released before the calibration completed, the memory of
memaorized calibration dara is losi and the instrivnent must be again colibrated for all reference

ferminations.

® (52, 08 or 5082 Calibration.
When the instrument needs to be calibrated at the 00 reference impedance, perform the following
procedures:

1. Connect the 052 reference termination to the UNKNOWN connector.

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

3. Press CALIBRATION START button,

08 and 50 calibration procedures are similar to the abave 02 calibration procedures. Set
measurement parameter to G-B or I'-I'y in accord with the calibration setup procedures sum-
marized in the tabulation below:

Individual Termination Calibration Setup Procedures.

T
Reference | Qperating procedure
termination i 2 3
START
0 Select R-X Pregs ®
= Connect STAAT
0% j reference Select G-B Press @
& termination
i STARY
500 1 Select IMx-Ty Press ®

® Calibration on a defined frequency range.
To define the calibration frequency range, set kts 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 key to activate calibration function.

Notes: 1. Step frequency is automatically determined so as to toral 50 sieps (51 calibration
frequency points) at regular frequency intervals from the start to stop frequencies
fund can hat be selected manually ).

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

3. If measurement is attempted at g test frequency ouf af the defined calibration
frequency range, 0 CAL (CA Libration) annunciation figure appears in DISPLAY
A or DISPLAY B.

4. Serting the START and STOP frequencies 1o an identical value allows calibrarion
in a shorter time for measurement at that particular SPOT frequency.

S When the calibration frequency range is narrower than SMHz (5kHz for option
§02) the number of calibration frequency points decreases, owing 1o the mini-
mum selectable srep frequency.
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— DUT CONNECTION
— WITH 16091A

The 16091 A Coaxial Termination Fixture set offers a sample holding capability specifically suitable
for making accurate measuremnents 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
Ieads 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 16091A 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
rd1 4191-85302 d 7 mm
04191- i 20 mm
) 10
- 16091-60012 ¢ mm
E 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 4191A UNKNOWN connector Justrated below:

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

2} Attach the 10091 A special coaxial coupling
adapter {o the UNKNOWN connector.

Caution:

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

Movable electyode

Sample

Figure 3-8. DUT Connection {Shest 1 of 7).
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DUT CONNECTION

— WITH 16091 A
4} Carefully couple the coaxial fixture Chous- 3. Ser Electrical Length input data 1o
ing the test sample) to the coupling adapter [857cm.

attached to the UNKNOWN connector
Rotate the coaxial fixture coupling nut
clockwise until it is snug.

4. Yo optimize measurement accuracy
with respect to the 160914 test fix-
ture, perform auto-calibration ar the

5) Insert the electrode adjusiment screw into pratective connection porl of the co-
the head gspindle of the coaxial fixture used axial adaprer attached to the UN-
{see lustration). Rotate the adjustment KNOWN.
screw knob clockwise until the click stop Set Elecirical Length inptt data to
knob begins to idle. 0.00 crm. (This calibration data is spe-

cific to the coaxial adapter of the

Nortes: 180914 used Therefore, the instru-

1. To properly set test sample into the co- ment must be re-calibrated exclusive

axial fixture chamber, solder miniature of the adapter when arother type of
tubing fdisposable part supplied) near test fixnure is used)

the element on the sample leads. Cut
off the excess partion of the leads. See
ithustration below:

Tubin
s g\‘ 0. 9mm I.0

P/N 16001
i
sample Standard

Tubing dimensions > . .
termination

lﬁoupling

2. For lead-less chip components, solder

tubing directly to the elecirodes of the adapter
sample,
o l UNKNOWN
. test port
Chip component
P
Model 16081A Residual Parameters Model 16081 A accessories:
Stray C | Residual L | Residual R | Stray G Coupling adapter: PIN 16091-60010
p :
0.082pF | *0. OnH Om? 048 Latchet screw: P/N 16091-60011
*When auto-calibration ie performed at the ,
protective connection port of the coaxial Movable electrodes: P/N 16091-60014 (10mm)
coupling adapter. P/N 16091-60013 ( 7mm)
Tuhing: PN 16091-60023 (200ea.}

Figure 3-8. DUT Connection {Sheet 2 of 7}
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DUT CONNECTION
—WITH 16092A

Section M
Figure 3-6

Chip components

Rotate the 4191 A UNKNOWN connector
coupling nut counter-clockwise until the
coupling sleeve 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 s firm.

4)

3)

a)

Note: Ser

The 16092A Spring Clip Test Fixture provides a comvenient 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 fo 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. s ground contact, which is slidable on the
fixture deck, permits proper adjustment of the distance betwesen sampie 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 procedurss are outlined below:

Attach the shide clip confact assernbly to
the test fixture deck (®, @ or @) with
the captive screws provided {(see illustration
below),

[Jse deck positioning holes appropriate to
size of sample to be mesasured.

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

Pull spring slide contact back and clip in
sample.
leng th

electricol inpur data to

0.34 cm.

Slide clip contact assembly

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

DUT CONNECTION
- WITH 16092A

Short lead radial and axial lead components

13 Perform steps |, 2 and 3 of the above pro-
cedure to install the 16092A fest fixture
deck to the 4191 A,

23} 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).

3} 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.

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.

Noge: Ser electrical length
f} 34 e

input data to

Fwin clip contact aszembly

Model 16092A Residual Parameters

I

Stray C ! 1.1 pE 40 '3
ray C Lr 6092A(R ). g
. N
% 30 %
Residuat L 1.3nH o E
2 O 160924(G)-... 2
= e =
= 3
Residual R 210 >
=~ =
See =
graph ! . <

Sty G 0 10 700

TEST FREQUENCY (MHz)

3-34

Figure 3-6. DUT Connection (Sheet 4 of 7).




Model 41914

DUT CONNECTION
— WITH 16093A/B

Section Iif
Figure 3-6

samples at frequencies bzlow 125 MHz.

Terminal Structures

16093A

?Emm]_I

Model 16093 A/B Residual Parameters

Stray | Residual | Residual | Stray

C L R G

16093A | 1.8 pF | 1.8nH
See graph below
160938 |S5pF | 1.4nH

40 4 __
LA
3
&E? 30} 16093A(R)~. A3
[
~ 16093B(R):, =
e b
%J 20 12 §
= |6093A(G)-..._» S
9 o 16093B(Gl- o 1 =
o =
[
| )] |E

0 : 0

[ I 100 00

TEST FREQUENCY (MHz)

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 16091 A or 16092A. The 16093 A 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 measurernent
terminal interval is 15 mm (the terminal configuration is same as that of the current HP Q meter). The
16093B is suitable for the measurement of relatively high walue capacitors, high value inductors and resistor

Installation and DUT commection procedure:

1) Reotate the 4191 A TUNKNOWN connector
coupling nut counter-clockwise untif the
coupling sleeve screw is af its innermost
free position,

2) Couple the connector coupling screw on
the underside of the [60593A {or 16093B)
test fixture deck to the 4191 A UNKNOWN
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
nut counter-clockwise until it is firm.

4} Loosen binding post terminal nut and con-
nect sample leads. Tighten the nut. For
samples with banana plugs, plug the banana
plugs into the binding post terminal holes.

Nozes:

I Set efectrical length inpur data rto
0.34cm fidentical for both 150934
and 160938)

2. A special, skirted, grounding terminator
furnished with both the 160934 and
B provides an optinnen shorting con-
fisuration for rest fixture terminals.
For the use of these ferminators, refer
to puragraph 3-37

Figure 3-6. DUT Connection {Sheet 5 of 7}
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—————— DUT CONNECTION
—WITH 18094A,

The 160947 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 point locations when it is

attached to an appropriate test cable (connected to the 4191 A 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.

Nate:

Use of a probe cable requires that the electrical length compensator of the instrument be adjusted to

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

electrical fength compensator cable with a longer cable appropriate 1o the probe cable used. For the

electrical length compensation adiustment method, refer to paragraph 3-44.

Instaltationt and measurement setup procedure:

1)

4)

Build the electrical length compensator
cable appropriate to the probe cable (ar
air line) used and install 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 nit clockwise until
it is snug

Connect reference termination at the tip of
the probe cable and perform auto-calibra-
tion for each of the 00 0S and 3002 termi-
nation impedances.

5) Disconnect reference termination and con-

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

Notes:
f. Set electrical length inpui data to
2. 32 cm.

2 A hent cogxial probe cable caquses a
slight change in its physical and electri
cal length frove thar in its seraight form.
This has a low order effect on the
measured reflection coefficient phase
angle and this effect increases ar high
frequencies, Ta maximize measurement
accuracy, the auio-celibration should
be performed with ithe cable shupe
fformt} near thar wsed in rhe actual
measurenment.
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Model 16094A Residual Parameters

Stray C *1.0 pF 100 -
[Ty
160944 (R} =
80 T
= £
Residual L 5 nH E 604 16094A(6) I
o J é
E’ &U‘* 1 ‘2 8
= !
Residual R 9 § ll o g":;
2 & ; 7
See graph 0 - ,’I 0
T 10 100 1000
Stray G TEST FREQUENCY (MHz)

Nate:

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

The 160944 Frobe Fixrure causes, as
do uther general hand held probes, un-
avoidable change in conract resisiance
and sfray admittance depending on the
contyct pressure qpplied and the rilr of
the probe at ihe measurement object,
Aecordingly, consideration of exact
residual parameter values is not pract-
cable.

Associated accessory:

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

Model 11605A Flexible Arm (maximutn ex-
tendability 64.8cm).

Figire 3-6. DUT Connection (Shest 7 of 7}
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Figure 3-7

Model 4191A

Initial mode settings.

—

- Attach desired test
fixture to UNKNOWN.

Enter ELECTRICAL
LENGTH number.

U

Select DISPLAY A
parameter.

e

Select DISPLAY B
parameter.

e

Set SPOT FREQUENCY.

e

Connect sample to
test fixture.

L

Read display output.
- -

PROCEDURE

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

i) Option annunciation
2) 10 minute warm-up

BASIC OPERATING PROCEDURE

Basic operating procedures for measuring general components and
elecironic materials at a desired frequency point are déscrihed in
these paragraphs. Tnstructions and operating procedures for semi-
conductor measurements, deviation measurements, swept frequency
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
making a reliable measurement.

b3
H

3) Initial control settings
4y TInitial caiibration (as necessary)

[f initia! calibration is performed and is complete, release the calibration function by pressing
CALIBRATION key (key lamp is extinguished).

Note: Test frequency (Spor frequency) stays af the frequency point where the calibration
encled. Verify that trigger lamp comtinues flashing.

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

3-38
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Section HI
Figure 3-7

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

{Example) Electrical length = 0.34cm.

REF A MHz cm
ELEC LG

Key strokes [mue][" I[,][3}l4][v ]

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

Noite: If an undesired number has been sei by an inadvertent key stroke or if it is needed to
change the input daia, repeat the key strake 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.

{Exainple) Test frequency 10.7MHz.

SPOT MHz <m
FREQ/BIAS

Key strokes [o]L]]{O][-][7I|V |

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

Note, The test freguency can be set for 0. IMHEz minimum step resolution in the standard
unit and for 0.0001 MHz step resolution in option 002 wnits (0.2 MHz and 0.0002 MHz
Jfor frequencies above S00MHz)

Connect the sample to be tested to Test Fixture.

Nore: The appropriate sample holding method for each individual accessory test fixture is
autlined 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.

Nates: 1. If -OF- display occurs, the sample value exceeds measurement range limit of the
sefected measurement pavameter. In such an occurrence, select anather measure-
ment parameter capable of being measured for the sample tested {the reflecrion
coefficient or a reciprocal parameter, for example, |Y| insread of ]Z |or D instead

of ).

If an error annunciation display occurs, vy aggin to set the mstrument using ap-
propriate procedure, Amvunciation display meanings are summarized in Table 3-6,

oY)

3. If it is desired to change test frequency, key in new freguency value with DATA
input keys. If SPOT FREQ/BIAS key lamp is [i1, this key need not be pressed.

Figure 3-7. Basic Operating Procadure (Sheet 2 of 2).
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Figure 3-8

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 sach
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 lkeys.

PROCEDURE

1. Perform appropriate procedurss 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 andfor DISPLAY B parameter devigtion 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
QEPL A/B

Key strokes E]

B: Reference value data input.

a. Press REF A key fo 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 sefected
measurement porameter, an Ere-00 annunciation figure will appear in Test
Parameter Data Display. This error message display disappears simultaneously
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 kevys.
¢. Press ENTER key.

{Example) Reference value 20.5 (23,

HEF A MHz  ©m
ELEG L3

e ()@ O E

Figure 3-8. Deviatien Measurement {Sheet 1 of 2},
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Figure 3-8

d. If necessary, set reference value number for DISPLAY B parameter similar to that
for DISPLAY A.

[Deviation mode selection!

3. Activate AjA % 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 bhe 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 (4 %)

Press key, then press &/5 % key located alongside either DISPLAY A or DISPLAY

B {or press both lkeys).
The percent deviation calculation follows the equation below:
M~ R

D=—p%— X 100 (%)

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

4, To release the A or &A% function mode of operation, again press the delta kev(s):
A40%

o Key stroke

HIRIF AFAYK
A% Key strokes

Notes: 1. When the MO % function key is pressed, the meusurement range Is automati-
cully fixed (RANGE HOLD key lamp lights). The range hold function coniinues
holding the range even after the deviation measurement function Iy released.
To restore fo auto runging mode of operarion, again press RANGE HOLD key.

KeDAD

2. The reference input data can be monitored on the Test Parameter Data 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 usefu]
data which can be obtained only by an examination of the varia-
tions in sample vatues relative o its dependency oa 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 guality 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,

—

Inttial mode settings.

Attach desired test
fixture to UNKMOWN.
Logarithmic

Enter ELECTRICAL

Set STQP FREQUENCY,

Frequency step?

LENGTH number.

—

Select measuremant

Set LOG SWEEFP
function.

Set STEP FREQUENCY,

parameter.

—

Set SPOT FREQUENCY.

\T’/ Manual

Set START FREQUENCY.

Connect sample to
test fixture,

Operating mode?

Sweep frequency
manually.

-ﬁﬁﬁ_______ﬁ[:___,,___—J

Start single sweep
measurement.

function,

PROCEDURE

1. Press LINE button to turn instrument on.

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

meusurements with the 4191A.

3. Set 4191A controls and de measurement setup according to Basic Operating Procedures

{Figure 3-7) steps 3 through 7,

Release sweep

342

Figure 3-9, Auyto-sweep Frequency Measurement {Sheet 1 of 5).
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Figure 3.9

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

M Hz ©m
FHBQ!BIAS

Key strokes l'—J l_l m

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

MHz om
FREO_IEIIAS v

Key strokes { ][6Jrolfol[ l

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

STEP EREQUENCY ]

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: Meagsurement Is taken, in tumn, at the frequency poinrs arranged at the regular
step frequency intervals while the swept frequency measurement proceeds.

{Example) Step frequency = 2.5 MHz

MHz o
FREQJEIAS v

e @EEO

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

Figure 3-9. Auto-sweep Frequency Measurement [Sheat 2 of 5).
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Note: When step frequency setting is 0.1 MHNz (106 Hz in Option 002 unit), the test
frequency s swept in D.2MHz (200 Hz) step intervals at frequencies above
SO00MHz (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 G

Note: Logarithmically swepr frequency meastrements are faken at a total of 51 fre-
quency points which are automatically selected at logarithmically regular fre-
quency intervals in the starf and sfop setting [requency range (STEF FREQ
Junction 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 frequencies (steps 4, 5, or 6} using corract 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 limits, an error annunciation figure appears in Test Parameter Data
BDisplay and the inappropriate control input demand is automatically released.

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

MANUAL or AUTOMATIC SWEEP—l

— (MANUAL SWEEP) —

8.  Press SWEEP FREQ/BIAS STEP @ or @ key to initiate measurement. Pressing and
holding the STEP @ or @ key advances the sweep frequency measurement to a higher
ot lower frequency direction (from the programmed spot frequency), respectively. If the spot
frequency is outside the programmed sweep range, E-04 annunciation js 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.

344

Figure 3-8, Auto-sweep Frequency Measurement (Sheat 3 of 5}).
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Figure 3-8

Note: When FAST key is pressed simultaneously with the STEP @ or E} key, the
step frequency interval is expanded lo tem times ity programmed value in linear
sweep mode or to 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.

Key strokes @ or [C—_T_]

AUTO sweep indicator lamp above the @ key lights simultaneously and stays lit while
the auto sweep meode 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-
guency towards a lower frequency).

Note: RANGE HOLD function is automatically set.

Swept test frequency is displaved 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 key, then press PAUSE key. To restart the measurements, again

press EI or ’E] key after pressing key.

The test freguency is successively swept.

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

Figure 3-9. Auto-sweep Frzguency Measurement {Sheat 4 of 5).
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SWEEP ABORT |

Auto-sweep frequency measurement of operation is antomatically refeased when # single swept

measurement 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 auiomatically set to the frequency poirt where the swept frequency
measurement function is released,

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

— CONTINUOUS MEMORIZATION OF CONTROL SETTINGS [SAVE FUNCTION])

The 4191A% continuous memory capability permits 3) To restore the memorized control settings in
retaining the memory of desired instrument control place of temporary sefting, press key
settings. Front panel control settings which are es- and, next, press RCL 1 or RCL 2 key (to
pecially used for a particular application or are fre- actuate memory of SAVE 1 or SAVE 2 func-
quently used can be memorized by the instrument tion, respectively).
for repeated use of the same settings. Stored memory
data for the control setfings are continuwously held Note: Auto-calibration data is automatically stored
in evenf the instrument loses its operating power. in the memory in place of the preceding
calibration data each time the calibration is

Note: Auio-calibration data preveguisite to meas- newly implemented (irrespective of the

uremertis, test parameter values for sweep SAVE function).

measurentents and refevence vafues in devia-

tion measurements are also stored in the STAND-BY BATTERY

COREIMUOUS Femory,
Rechargeable stand-by batteries provide long

The memarized control settings and test parameter term memory protection. The installed batteries
input data can, at anytime, be again set into the in- have the following capabilities:

strunient 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.

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

For storing the desired settings in the memory, pro- Recharge: Rechargesble to full rate in 24 hours
ceed as follows: after battery voltage falls below the operating
low limit.
1) Set front panel controls and test parameter
input data as appropriate for making the Lifetime: 5 years {at 25°C)
desired measurement. The batteries are being charged anytime the in-
2) Press key and, next, press SAVE | or strument is being operated from an AC power

SAVE 2 key. The instrument has now memo- line (LINE button is depressed).

rized this particular set of control settings.
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3-25, ACCURACY

3-26. Accuracies for all measurement parameters are
dependent on the impedance accuracies of the reference
terminations (02, 0S5 and 300) employed 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 fumntshed
with the 4191A 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 30% 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 + j0.00025) at any test frequency when
it i connacted to the UNKNOWN connector. The
specified 4191 A accuracy 18 subject to calibration of
the instrument with the three reference terminations
supplied.

Note:

The accuracies are fypical values that apply when cali-
bration is dore with the supplied accessory terminations
fvector reflection coefficient accuracles specify the
coefficient in maximwm fest lmit values). If orher
terminations which have wmore accurate reference im-
pedance values are available, the measurement accuracies
can be erhanced.

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 s 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, |I'| =~ 1} Thus the
accuracy is optimum for measurements of nearly 500
impedance (|I"| = Q). Towards both the higher and
lower impedances, the accuracy drops af a continuous
gradient to the ends of the practicable range limits.

Section O
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 ({T] - #
and Tx -~ Iy measurement accuracies), Accuracies
for other parameter measurements are given as
typical values in supplemental performance char-
acteristics.

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

3) Auto-catibration properly completed wsing stand-
ard reference terminations.

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

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

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

il

a1 g U I s 160G

— —— e e e
CLOSE RS UG GDE R 06 S 1,3 RS [

Figure 3-10. Relationship of Reflection Coefficient to impedancs.
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Paragraphs 3-29 to 3-32

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, compeonent 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-
ances existing in the measuring circuit between the TTN-
KNOWN f{est port and the unknown device affect the
measurement resuit, 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 ¢ircuit, including component leads, rotates the
measured impedance vector as function of the test signal
wavelength, Tet'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 (usuadly called residual
parameters). These residual parameter effects cause two
kinds of measurement errors, which are described in the
paragraphs below.

Model 41914

1} Simple additive errors

When a component having 2 low value is measured at
relatively low frequencies, the measured value be-
comes the sum of the sample value und the residual
parameter values, The effects of the residual factors

are:’
Cm = Cx + Cs:
Ln = Lx + Lres
Rm = Rx + Rres

Gm = GOx + Gres
where, subscripts are:

m : measured value

% © value of sample

gt ¢ stray capacilance

res @ residual inductance
(residual resistance)
(restdual conductance)

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

Ri
Li
Bg —L_:J%C1|7

. .
VL

To Test Part

Ri: Lead resistance

Re: Contact resistzoce

Rf: Residual resistance
of test fixture

Li: Lead inductance

1£: Residual inductance
of test [ixture

C1,Cz2: Stray capacitance

G : Residual conductance

M . Mutual inductance

Measyred impedance R + jX is :

H=3 {{1 ToX ¥ RGo)? + [uRCo + Go¥y? * Op

Simplified Equivalent
Cireuit Model

= R(1 + RGo} + Gox® + Bo
{1 - wCoX + RGo}® + [wRCa + GoX}?

%(1 - wCoX} - wCoR®

Figure 3-11. Residual Parameters in the Maasuring Circuit.
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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 to 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 abont
the resonant frequencies. Additional errors due to
this resonance increase in proportion to the square of
the measurement frequency (below resonant frequen-
c¢y) and can be theoretically approximated by the
following equations:

Ex Lm -~ Lx
Lm =~ or = w? by Ost
m 1 —wa?Lx Cat Lm
Cx Cm - Cx
Cm = or = w2 Cx Lres
1 —w? Cx Lres Cm
where, w = 2af (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). If 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
&
O
180 *—l
90
o
-ad Series
Resocnonce
1800
fraq

Figare 3-12. Effect of Resonance in Sample {example},
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Paragraphs 3-33 to 3-35

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 Iength value specified for sach type of the fixtures
are calculated for the coaxial coupling terminal and does
not include the electronic factors in the elecirodes.

As the coaxial coupling terminal section of the fixtures
is a “distributed constant™ circuit design (500 ), 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 measored 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 (160924) and binding post
terminals (16093A) have individually different character-
istics from the 508 “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 showld 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 fo 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 erroes.

The coaxial terminals of the {ixtures alsg have measure-
ment signal propagation lesses 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 100m£2) and high impedance
(above 10082) 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 residusl
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 fixture can be compensated
for by using correction calculations. When the effects
arg simple additive errors, a subtraction measurement
should be used. The practical correction method for
these kinds of errors is outlined in paragraph 3-37.

Nare:!

Basically, an attempt 1o correer the measured values
for all existing residual parameter effects is not
practicable, This is because some parameters, such as
lead impedance and siray capaciiance, are peculiar 1o
the component measured, Their values depend on
component lead length and on the distance between
the sample and iast fixture, The measurernent vesults,
then, are substantially the sample values including the
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-
anee vector in the f region employs a two terminal DUT
connection configuration. Since the two terminat con-
nection method includes composite residual impedances
in ifs measuring circuit arrangement, its applicability in
precise, low frequency impedance measurements is
limited to a4 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 admittance (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
shouid be considered when evaluating actual measurement
accuracy. The residual parameter effects are outlined
in paragraph 3-32.

Al 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 wsed. Typical residuat
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 corrac-
tion caleulations for the given residual parameter data
(refer to paragraph 3-32}).

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

3-38% Actual valves 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 0l
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 16092 A 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 tinductance-series resistance) mode when the

test fixture is short-circuited.

16092A: Remove slide clip contact (twin clip ¢on-
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/8: Remove binding post nut of the drive
potential (positive) terminai and attach the special
grounding electrode with its concave side down.
Tighten the electrode to the terminal with the
binding post nut.

Noter The measured resistance and inductance values
are approximate values of the electrode Im-
pedance.

The measured residual parameter values can he 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 values of the devia-
tion measurement. The deviation provides display
outputs of correct sample values as the measured value
minus the memorized residual parameter value. This cor-
rection method can only eliminate the simple additive
Errors.

Nate: The vesidual factors cant be cancelled only for like
parameter  measurements (for example, siray
capacifance can he subtracted only m capacitance
measurenicils),

Measurentent errors due to interaction of residual
reactive elements, which increase in proportion 1o
the square of the test frequency, can rot be can-
celled by the merhad autlined above.
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Paragraphs 3-39 to 3.42

3-39. UNKNOWN TERMINAL CONVERSION.

3-40). When the measurement objective is to test 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 to N type, BNC, SMA
(SMB, SMC), GR9Q), GRE74 or ather type connectors of
the device to be measured, attach an adequate terminal
converter to the UNKNOWN connector. Possible in-
sertion losses, phase shift andfor 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 measuremenf results by performing
an auto-calibration with the precise terminaiions 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-
ENOWN 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 rerminations with the desired
coupling connectors are unavatlable, calibrate the
instrument with the reference ferminations and rhen
attach the terminal converter. Enfer the rared value
or the measured value of the electrical length for the
terminal converter. To minimize incremental meas-
wrement errors, use a ferminal converfer which has
a low inherenr VSWR? value.

*VSWR value of terminal canverter catses, if not pro-
perly compensated, additional measwrement error
inCreqse.

T

Generally, characteristic impedances of terminal con-
verters falio, ordinary connectors and lines) vary thelr
wlues in the reletively low frequency region. Figure
3-13 shows an example of termindl converrer imped-
ance characieristics. At low frequencies, the impedance
increases as the frequency decreases, The impedance
approaches a constant value (rominal valuet ar 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
jg defined as the ratio of the amplitude at the antinode to
the wave node of the standing wave.

Vimax
¥min
Incident wave Reflected wave
—— -
&2’ % Load
N Standing wave
—
Vmax
VEWR = ————
Yrmin

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

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. Occastonally 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 modification to the procedure and fo 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,
i& an example vsing a 509 air line extention.

Nores:

I To minimize any drop in megsurement accuracy, the
air line used must have @ VSWR (voltage standing
wave ratia) value of [ ar g high accuracy when it is
connected to the UNKNOWN connecior. Any im-
pedance mismaich hcident fo the connection causes
medsurement error, to d certain exrent, 1o incréase.

2. Test port showld not be extended more than 1m,

When an air line exiension whose electrical fength
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 pansl).

Section [T
Paragraphs 3-43 and 3-44

Electrical length compensation

When the electrical length { €} of the air line extension ex-
ceeds either 1/8 wavelength of the test [requency signal
or 10cm ({approximately), calibration error increages
because of a phase shift in the tesi 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 coefficienis in the
normat 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
4ssembly:

1} Prepare semi-rigid cable with miniature SMA con-
nectors measuring 1.4% long plus 5.3 cm as ilivs-
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 cahle connector coupling nuts (two)
and pull cable out.

4) Connect the long semi-rigid cable in place of the
axisting cable assembly. The blind panet can not be
attached while the extended compensation cable i3
being used.

Note, The [ 49 length is the product of two Hmes

¢ fsum of gir line elecerical length for an in-

cident wuare and that of the reflected wave)
multiplied by the ratio of the wavelengrit in
semi-rigid cable to that in a vacuum fapproxi-
mately (7). Thus, the clectrical length of the

semi-rigid cable compensator is equivelent (o

that of an aiv line extension.

The cable length of the semi-rigid cable com-
pensqror need Mot be a precisely calculated
vafue (within £2 cm).

Semi-rigid calblle (141" O, D,
/ {User fabricated)

P \
2.5cm ) 1.4 +5. 3cm

5MA conpector {P/N: 1250+1353)

o
0pt

0

47

Semi-rigid cable E/L compensitor.

3-53



Section IM
Paragraph 3-44

Calibration

Perform auto-calibration with each termination (Q£2. 05
and 5080} connected to the air line extension.

Electrical length data input

Enter the elestrical 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, s taken a5 o reference,
the reflection coefficient measured at the aiv line
end Is theoretically represenied by the following
equation:

FQ = rae'z(a+jﬁ)g
Where, phase constant § is

5
; t_“;L (» = test sipnal wavelength)

« is the attenuation coefficient of the air line.

The above equation indicates that the magnitude of the
vector reflection coefficient is attenuated by g-2¢% g5 well
as its phase angle shifts by 282 =47 8&/ X\ (radians).

When a calibration is performed at the end of the air
line, the reflection coefficients 120 (0R) and 1L7 (08)
references shift by the attenuation and the phase angle
{240} as illustrated in the Smith Chart below:

As the anto-calibration detects both the attermuation 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
eusily 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 withouf using air line extension.

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

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

4) With 0S8 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 cutpuis. 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 Iength 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 frequeney points, it is
possible to make accurate measurements
without replaecing the electrical length
eompensator. Perform as follows :

1} Connect reference termination at the tip
of the extended test port and perform
the auto-ralibration for each of the 0§,
08 and 508 termination impedaneces,

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

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

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

31-46. To eliminate the effects of stray capacitance
present at the center and outer conducters of the UN-
KNOWN connector from the parameter values measured,
the stray capacitance value is used in the error correciion
calculations which are based on auto-calibration data.
The 4191A stores a typical capacitance value of the
“open” connector—-0.082 pF In 1i$ continuous memory.

When the open capacitance value iz 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-
apen capacitance input function allows setting the
capacitance value up to 1.Q00 pF in 0.001 o¥F (minimum)
steps,

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

PROCEDURE

1) Push LINE button 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 shield-
ing panel 90 degrees counter-clockwise to unlock
the panel. The fasteners are located at the front
side of the panel.

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

Section T
Paragraphs 3-45 and 3-46

53] Change the second bit switch of switch S3 (labeled
(" on the circuit board) to its opposite position
as illustrated below:

t

LUuO0oen |,

Caution: Do not change other bit switch positions.

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

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

8) Set the appropriate capacitance value (<1 pF) with
DATA input kevs. 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 controlfdata input command.
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Paragraphs 3-47 and 3-4%

3-47. INTERNAL DC BIAS (0—1 40V)

3-48. The 4191A js equipped with an internal pro-
grammable dc bias supply controllable from 0.00V to
+ 40.00V. This provides step bias voltage controt in
10mV increments over the entire controllable range as
well as providing an accurate voltage setting capability
(x0.19%) 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 hias supply.

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

Bias voltage setting and bias parameter programming can
be done either at panet control keys or via an HP-IB
controller. This paragraph describes operating procedures
for the internal de bias supply when using panel control
keys. For dc bias applications using HP-IB control, refer
to paragraph 3-59 HP-1B Compatibility.

Table 3-5. Bias Voltage Setting Ranges.

Spot bias voltage ~40,00 — 4000V
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, bhoth the
Start and Stop voltage settings should be posi-
tive values (above 0.01 volis). Stop voltage
showld he higher than Start voltage value

Nore

When a conductive sample is to be measured, actual
de bias voltage applied to sample is lower because of
infernal loading of bias circuit (approximaiely
14k}, A maximum current of 72md can flow
through sample which has a low resistance fabout
ol
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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 4191A controls and do measurement setup
according te 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 fnstru-
ment is furned on (inifial settings)

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

Note: To monitor gctual de bias voltage applied to
sample, connect a DVM ar rear panel DC
BIAS EXT INPUTHINT MONITOR connector.
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Section I

Figure 3-14

[

USE OF STATIONARY (FIXED) VOLTAGE BIAS

To apply a stationary (fixed} bias voltage to sample, set the desired bias voltage in accord with the
following procedurs:

Note: Test fregquency can be swept while using the internal do bias set to desired {spot) volrage.

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

Key strokes: [bluel[olill[{jj[_I‘_OJ[i]vLJ

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

Note: The internal de bias voltage is applied to the sample just after the bias voltage value I8
set by the front panel control kevs (requires no rrigger signal).

DC BIAS SETTLING TIME

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

valize when a 1pF capacitor sample is measured,
To change the bias voltage, repeat steps | and 2 to enter new voltage value.

Note: If dc bius is not needed, set fromt panel DC BIAS switch to OFF.

Figure 3-14. Fixed Bias Voltage Measurement.
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Figure 3-15 ade :

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 veltage sweep functions are outlined below:

Nore: Bias voltage cannot be swept while 4 swept frequency measurement is in process.

[START, STOP, STEP VOLTAGES

1. Press key and PARAMETER START FREQ/BIAS key. Enter the low (bottom) voltage
number of the desited 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 (above 0.01) must
be entered us the starf voltaee.

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

helow:
_ Key strokes
Parameter - Y -
Function key DATA key input Enter
START _ MHz cm
Start EREO/BIAS Enters low voltage number ot v
| ] sweep voltage range. {:]
STOP . MH
Stop EREQ/EIAS Enters high voltage number of v 7
E] sweep voltage range. [:]
FF?ETOEP a8 MHz cm
*Step t‘i Step interval voltage number. VD
SPOT R MHz om
EREQ/EIAS Desired voltage number be- v
Spot
lj tween Start and Stop voltages. C]

Nute: ff the starr voltage is a negative number, the start voltage should be lower than stop
voltage as iltustrated below:

Low voltage limit ]4— Sweep range —-i High voltage limit
L

b ; 1 J

40V START OV STOP 40V

*Note: Step voltage number need not be entered when logarithmic sweep function is used,

Figure 3-15. Swept Bias Voltage Measurement {Sheet 1 of 3).
3-38
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Figure 3-15

— LOGARITHMIC SWEEP —

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

Note: Logarithmic sweep bias voltage measurements are taken at a total of 51 voltage points
which are automaticelly 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 automaticatly using the fallowing procedure:

-~ [MANUAL SWEEP} —

a. Press SWEEP FRE()/BIAS STEP E’ or [E] 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. i
the spot voltage is outside the programmed sweep range, E-04 annunciation is displayed.
The bias voltage can also be shitted in step voltage intervals each time the key is pushed. A

reverse direction sweep is also feasible.

Note: When FAST key is pressed simultancously with the STEP E]or @ key, the
step voltage Interval is expanded to ten times its programimed value in finear sweep

mode or o one-fifth the voliage 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 ¢nds at the stop voltage point. Pressing @ key advances

voltage sweep in the teverse direction (from the stop voltage towards start voltage).

Note: RANGE HOLD function is automatically sef,

SWEEP PAUSE

If needed to temporarily stop a sweep bias voltage measurement at a desired voleage step point, press
key, then press PAUSE key. To restart the measurement, press (Biue)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 mode settings (linear, logarithmic, auto or manual) can be
changed when the PAUSE function is set. AUTO sweep ndicator lamp stays {it untif SWEEF
ABORT key is pressed or until the bias volrage reaches starr ar siop voltuge point.

While automaric sweep is advancing, panel control kevs except SWEEP 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 volitage is automatically set o the voltage poiur where g sweep bias voltage measure-

ment function is released.

Figure 3-15. Swept Bias Voltage Measuremant (Shest 3 of 3).

RECORDING SWEPT FREQUENCY/BIAS MEASUREMENTS

Measured value of swept frequency (or hias 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 function 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 manuazlly released. Avto-ranged measurement cutput data can be
processed by an HP-IB computing controller into an appropriate format for plotting with 4 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 tempeorarily stop sweep operation just
after the auto-sweep measgrement is initiated (AUTO sweep indicator lamp lights).

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

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

41 Pregs key and @ or @ key to restart the sweep measurement.
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EXTERNAL DC BIAS OPERATION (< 40V)

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

To DC BIAS EXT INPUT/INT MONITOR connector
— +To tenter conductor 41814

Current
meter

DC POWER SUPPLY

NN
b o

PROCEDURE

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

1. 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 MONTTOR
connector as illustrated.

Caution: External dc bias supply output voltage should be set at zero volts.
3.  Depress LINE button to turn instrument om.

4. In accordance with instructions in “‘Initial Mode Settings™ (Figure 3-3}, prepare to take meas-
prements with the 4191A.

154

Set 4191 A controis in accord with Basic Operating Procedure (Figure 3-7) steps 3 through 7.
6. Connect sample to test fixture,

Caution: Do not connect a charged capacitor as DUT or internal circuitry may be damaged.
7. Set DC BIAS switch on 4191 A test fixture installation deck to its ON position.
8. Set dc bias supply for the desired output voltage (below * 40V}
Caution: Never apply an external dc bias over £ 40,

9 Read 4191 A display output.

Figure 3-16. External DC Bias Circuits {Sheet 1 of 2).
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BIAS VOLTAGE SETTLING TIME

The bias voltage settling time required for a de¢ voltage across a capacitor sample to reach
more than 90% of the applied bias vaoltage, is less than 1ms for a 1pF 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 2 current meter connected between do bias
supply and the rear panel DC BIAS input connector. The effective bias voltage can be cal-
culated by the following equation:

Eb = Eo — 0.3% - Im (V)

where, Eb is dc voltage across the sample.
Eo is dc bias supply output voltage,
Im is corrent meter reading in niA.

Inaccuracy of the calculated current value is £ 0.04 - Tm {disregarding current meter accuracy).

Naote: Maximum bias current which can flow through sample is 100mA (when bias input volr-
age is 40V}

3-02

Figure 3-16, External DC Bias Circuits {Sheet 2 of 2).
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Figure 3-17

Transis for O
Bias Zupyly

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 t¢ 1000 MHz. HP models [1600B, 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 4191 A can measure
transistor characteristic parameters corresponding to § (Scattering) parameter elements Sy and S»
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 S and S can not be measured f these parameters are enabled by an-
other instroment capable of measuring transmission coefficients).

bwisei o Joint Calibralion Plane
21914 / . . N
BAir Line

Transistur Fixlure

GO0 et ence Bias
Terminabiun Hetwirrk
Recommended test fixtures
Accessories Model Charactertstics
116008 For TO-18 and TO-72 transistors
Transistor Fixture 116028 For TO- 5 and TO-12 transistors
11608A For strip line transisiors
83426 A 0.1 to SO0MHz, 70V max, 7S0mA max.
BRias Net k
tas ehwer 11589A 100 to 3000MHz, 100V max, 500mA max.
Air Line Extension 115664 APC-7 connector, 10cm
Coaxial Swival Joint 11588A APC-7 connector
Transistor Bias Supply k71178 100V max, 1A max.

Figure 3-17.

RF Transistor Measuremants {Sheet ¥ of 2).
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PROCEDURE

1. Connect two 11588A Coaxial Swivel Joints and 11566 A Air Line Extension as shown in figare,
2. Depress LINE button to tutn instrument on.

3. Perform auto-calibration with 052, 08 and 500 reference terminations. Connect the termina-
tion at the tip of the 11588A swivel joint.

4. Aftach [1600B (or 11602B or 11608A) Transistor Fixture, 85426A Biag Network and 500
termination as shown in figure.

3. Appropriately set transistor fixture spap-on dial to select the desired transistor socket.

6. Connect short-circuit termination {an accessory of the transistor fixture) to the 11600B tran-

sistor socket.

7. Enter a trial electrical length number in the 4191 A and repeatedly try with other numbers so
that phase angle display output in |Z|—B measurement approaches zero (a minimum value).

8.  Remove the shoif-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 4191A rear panel DC BIAS INT/EXT switch to INT pasition and frant panel DC
BIAS switch to ON.

10. Read impedance values of the sample in |Z] -9 or R-X measurement mode.

Note

For detgiled operating procedures and associated informarion on the recommended tran-
sistor fixtures, refer 1o operating and service manudd for each individual transistor fixture.

Figur 3-17. RF Transistor Measurements {Sheet 1 of 2).
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USING EXTERNAL SIGNAL SOURCE

GENERAL
HP-1B
The requirements for anaiysis of sharp, complex Controller
perturbations such as those inherent in electrome- {Calculator)
chanical absorption and resonance of materials, may

sometimes necessitate higher measurément frequency

resolution. The use of an external, high resolution HP-1R >
frequency synthesizer enables the 4191 A to respond

to these special requirements. The improved measure-
ment accuracy and resolution of the 4121 A permits External |
the detection of small, adjacent peaks and drops in
change of sample values making the most of the Stgnal Source(
effects of an increase in the test frequency resolution.
The equipment setup and operating procedure for
making such measurement are ouilined below:

Synthesized

4} Remotely control the frequency of both the
4191 A and the signal soutrce simultaneously with
the HP-IB controller, Measure ['so, T and I'e
values using reference terminations at the desired
test frequency points and store the measured
values in the memory of the HP-IB controller.

Note: Using an external signal source rvequires o
simple modification by a techwical person io
the internal circuitry of the instrument. For
the details, refer to Service Manual.

PROCEDURE 5) Calculate eeo. en and em values for each test
frequency point from the memorized I'so., I and
1) Connect the 4191A and the desired synthesizer T values. Store the calibration data in the con-
signal source to an HP-IB computing controller to troller,
achieve remote contrel and data transfer through
the HP-IB interface cables as illustrated above. 6} Attach appropriate test fixture to 4191A UN-

KNOWN connector,
2) Set 4191A measurement function to I'x -T'y

maode. 7y Comnect sample to test fixture. Take measure-
ments at the calibration frequencies and memorize
3) Program the following equations to calculate cali- the measured sample values.

bration data values:

Note: Measurement can only he taken ai rhe
I+l cafibration frequency points.

2o = I'so, en [ —— . .
Fe—-To 8) Correct the measured values using the memorized

calibration data and the following equation:

epy =(Iso—To}1 +eun) r
m — oo

Mie =
en(I'm —ego) + em

Cso i { . .
where, [so is measured " value for 530G reference where, Tirue is correct T" value of sample.

. temugatmn. I'm is measured [ value of sample.
. 15 measured I' value for 08 reference
termination. 9) Convert the corrected I values to the desired
I'o is measured [ value for 02 reference parameter values by using equations given in
termination. Measurement Parameter Relationships (Page 3-20).

3-65



Section M Model 41914
Table 3-6
Table 3-6. Annunciation Display Meanings {Sheet 1 of 2}.
Annuncia- | Display Indicated 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
queney, electrical length or bias voltage setting again using an appropriate num- A
number exceeds the sclectable 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. (Fhus error message is displayed follow thie regular high and low
just after the sweep measurement is initiated}. frequency {voltage) relationship.

E-04 P Error in spot frequency (hias 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 & or A% measurement

function.

E-06 tAorB | Error in deviation measurement control opera- Perform operating procedure
tion. necessary for entering reference
& or A% function was dactuated without pre- value, then actuate the A or C
viously storing reference value for the selected &% 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. Error message display c
ready to take measurements (warm-up time is will disappear just after warm- ’
not vet fulfilled). up is complete.
E-08 p Error in X-Y recorder control operation. The X-Y recorder control fune |
An X-Y recorder control function was actuated tion should not be actvated 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 1s exhausted.
E-11 Abnormatity in the instrument. (An instru- The instrument requires serv-
------ P ment failure). icing. C
E-12
E-NN B NN: Numbers above 20. c
i Refer to Paragraph 3-5 SELF TELST. '
i .
[ .
AOF- | AorB | Measured value to be displayed exceeds the Seleck  another messuremernt
upper range limit. parameter at which the sampie C
can be measured,
p Error in reference value input data, Relerence Fnter the reference value input
value input number for REF A or REF B data again using an appropriate
exceeds the maximuim display value on the numhber.
selected range.

Abbreaviation Notes

Display section | A DISPLAY A

B DISPLAY B

P Test Parameter Data Display

Display tormat | A Duration of Display is about 2 seconds.

The inappropriate control input demand is autornatically released.

trel setting status.

B Durarion of Display is about 2 seconds.

The panel controls are automaticatly set to the mormal inftial con-

C Continuously displayed untit the erroneous setup is removed.
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349. EXTERNAL TRIGGERING.

3-50. For making a synchronized measurement with an
duxiliary 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 tevel signal that changes from low (BV) to
high (+3V) 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 medsurement.

Nare: The center conductor of the EXT TRIGGER con-
necior is normally ar high fevel (no input).

Figure 3-18 shows an example of external trigpering
as used with programmed bias magnitudes.

Trigger rate

Maximum external trigger input rates for nermal and high
speed measurement modes are listed in the table below:

Measurement Mode Max. Trigger rate

310ms
260 ms

Normal
High Speed

In normal measurement mode of operation, five measure-
ments are aufomatically taken (fo perform and display an
average of the measurements} cach time the instrument is
triggered. If the trigger input rate is foo [ast, measure-
ment data is not provided because subsequent frigger
signals always initialize the measurement sequence of the
instrument hefore measurement ends.
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BIAS VOLTAGE

TIME

2
L H = = — = — — 1
e

—

{) DC bias voltage applied.

73) Time required for dec bias voltage
1o setile (100ms max.].

@ Trivger point,
{1} Time required to measure sample.

{3) DC bias voltage removed.

Figure 3-18. Puise Bias Measurements with External Triggering

for Programmed Bias Magnitudes.

Cleaning APC-7 Connectors

APC-7 connectar 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-
ed that the operator perform periodic cleaning as
NeCessary.

Use lint-free cloth and, if a cleaning fluid is needed.
use isopropyl alcohol.

Caution:

Do not use aromatic or chlerinated hydrocarbons,
esters, ethers, terpenes, higher alcohols, ketones, or
ether-alcohols such as benzene, toluene, turpentine,
dioxane, gaseline, cellulose acetate, ot carbon (etra-
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 meodifications to the instru-
ment that implement user's special requirements for
miner functional changes. Operating instructions for the
4151 A options (except for rack mount and handle instal-
lation kit options) and associated information are des-
cribed in the following paragraphs.

3.53. OPTION 002 HIGH RESOLUTION TEST FRE-
QUENCY.

3-54. The 4191 A Option 002 provides an internal fre-
quency synthesizer test signal resolution selectable at
160Hz (to 500MHz) and at 200Hz (ro [000MHz) 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 1000.0000MIz).
Other control functions and operating performance.
except for the test frequency resolution, 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) facifitate, in particular,
analysis of devices whose characteristic values vary sharp-
l¥ with changes in frequency, such as crystal resonators
and high selectivity band-pass/tejection 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 I
Paragraphs 3-51 to 3-56

3-65. OPTION 004 ANALOG RECORDER OQUTPUT

3-56. The 4({91A 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 de bias voltage in swept frequency or
swept bias voltage measurements. The recorder output
voltages are provided in the following manner:

FREQ/BIAS connector: Output voltage is proportional
to the test frequency or internal de bias voltage setting
and is given by the following equation:

_ Sspot — fstart Vipot — Vstirt

Fstop — fsrart

Eo (V)

Vstop - Vs fart

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 proportional
to the three lesser significant digit numbers of DIS-
PLAY A display outputs (see illustration). 1mV per 1
count, + 999 mV at full count display {+ 999 counts).

DISPLAY B connector: Qutput voltage is proportional
to DISPLAY B display output in the same manner as
that for DISPLAY A connector output.

[sELIIL Y LIEFLEY 0

/
‘I H :
045 Iy

M .! iy i | aide  } [l I O 2o
-B_ _ E‘

Outputs 745mV at Outputs 452mV at
DISPLAY A connector DISPLAY B connector

Notes:

I. When displayed number exceeds 211000 counts, the re-
corder output voltage is -1V or #1V.

2. The recorder voltages are outputied only when the
RANGE HQLD function is set automatically or
manally.
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Chart Paper Coordinates

Use chart paper coordinates appropriate for the measure-
ment parameter from among illustrations below:

3-70
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Recording on Orthogonal X-Y Coordinates

Measurement parameter: |Z] . [Y],|l",R, G, L,C,D,Q
g, R-X, G-B

1} Connect X-Y recorder X input and Y input termi-
nals, respectively, to the appropriate RECORDER
QUTPUTS on 4191A rear panel. Use shielded
cables with BN connectors. See table 3-7 for
cabling method.

2y 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 illust-
ration.

5) Press key and UR 71 key (DATA input *3"
kev) on the 4191A front panel. The indicator
lamp above the UR 71 key will light.

&) Adjust X-Y recorder sensitivity adjustment con-
trols (for X and Y channels) so that the recorder pen
is positioned just above the chart paper coordinates
denoted by white spot (=) in the illustration.

7} Again press blue key and UR™”1 key to release
the zero adjustment function.

8y Perform a trial sweep measurement for sample to
verify the minimum and maximum display read-
outs.

Table 3-7. X-Y Recorder Cabling Methed,

Recording parameters -Y recorder input connections

X Y FREQ/BIAS | DSPL B DSPL A
Freq or bias 1Z] b lor i X —_ Y
Freq or bias & X Y —
Freq or bias| R,G,LorC X — Y
Freqorbias| D or Q x Y —
R orQ XorB — Y X
I'x Iy — Y X

Section I
Paragraphs 3-56 to 3.58

9) Change number of display digits to property set
the recording value range by pressing DIGIT
SHIFT DSPL A or DSPL B key,

10y Set the 4191A frequency or bias voltage at the
sweep start point and set X-Y recosder pen down.

Note: If smooth recorder fracing 1o variations in
measured sample values is desired, press
blue key and INTRPL key.

117 Start sweep measurement.

Recording on Smith Chart
Measurement parameter: Ix-—-DIy

Reflection coefficient locus in sweep frequency meas-
urement offers graphic data quite useful in various appli-
cations when it s 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 scate adjustments,
find the locations of the two spots illustrated in figure
@;the black spot denotes the coordinates (I'x, I'y) =
(0, O and the white spot is identical to the virtual co-
ordinates (I'x, 'y} = (1, 1.

Note: To find the location of the white spot for sensi-
tivity adiustment, construct two rangential lines
of IT| = 1 circle at points (Ix, Ty) = (1, 0) and
(I'x, Ty) = {0, 1), respectively, (as iflustrated in

figure (3) ).
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 centinuous menitoring
by the operator. A single chanmel sirip chart recorder
permits recording either DISPLAY A or DISPLAY B
measurement data outputs. A two channel recorder
can simultanecusky 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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3-59. HP-IB INTERFACE

3-60. The Model 4191 A can be remotely controlled by
means of the HP-IB which is a carefully defined instiru-
mentation interfacing method that simplifies the integra-
tion of instruments and a calculator, or computer into
a system.

Nare: HP-IB iy Hewlert-Packard's Implementation of
fEEE Std. 488-1975 Standard Digital Interface for
Programmable Instrumentation,

3-61. CONNECTION TO HP-IB

3-62. The 4191 A muy 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 follows:

SRO: SRQ signal on HP-IB line trom 4191 A (re-

fer to paragraph 3-77).
LISTEN: The 4191A is set to be listener.
TALK: The 4191 A is set to be talker.
REMOTE: The 4191A 1s 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 I
Paragraphs 3.59 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 bift): This bit determines
delimiter forms of output daia which are:

0: Format A {comma)}
1: Format B (carriage return, line feed).

(3) Bit 7 (talk only bit}: This bit determines instrument
capabilities which are:

: Addressable
1. Talk Only

Note: The 41914 Is set at the factory as given in
Figure 3-20.

JHADOGe:

TALK AS - o+ - A
ONEY OMMA
CR/ LF ADDRESSABLE

bit T~hb: 17
bit 8: Farmat A {comma)
hit 7. Addressable

Figure 3-20. HP-IB Control Switch.
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Paragraphs 3-69 to 3-72 odel 41914
3-69. HP-IB INTERFACE CAPABILITY OF 4191A 3-71. REMOTE PROGRAM CODE
3-70. The interface of a device connected to the HP-IB is 3-72. Remote program codes for the 4191 A are listed
specified by the interface Tunctions built into the device. in Table 3-9.
The 4191 A has eight HP-IB interface functions as given in
Table 3-8.

Table 3-8. HP-IB Interface Capahilities.

Code Interface Function® _
{HP-IB Capabilities)
SH1** Source Handshake.
AHi Acceptor Handshake,
5 TFalker (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).
D] Device Clear.
DT1 Device Trigger.

* Interface functions provide the means for a
device to receive, process and transmit messages
over the bus.

¥%The suffix number of the interface code in-
dicates the limitation of the function capability
as defined in Appendix € of IEEE Std. 488-

19735,
Table 3-9. Remote Program Code {Sheet 1 of 3).
Conirol I Program Code Bescription
Display A Function |Z] Al Combinations of A and B are listed
b A2 in the table below:
_ I A3 AP R B R
R Ad “;‘,5:_;” i--ll-mZ.Illb‘_l 40 e .|J
! i A0 e Zladt 120 fde)
5 G AS H | i {ilenf
EX ig oo
R-X
¢ A8 E
Display B Function f (deg) B1,B3, B4 L 4 .
6 (rad) B2 lex re fee jro ]
R B] & R -1 [} i [
G B2 | “AUTO RANGE” mode is automati-
D B3 cally set when these program codes
Q B4 are transmitted.
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Table 3-9. Remote Program Gode (Sheet 2 of 3).

Control Program Code Description
Deviation Measurement OFF AN Deviation measurement can not be
of Display A Fiy AD done il reference data is not stored.
AT AP
Deviation Measurement QFF BN HRANGE HOLD™ mode is automati-
of Display B A BD cally set when AD, AP, BD or BP is
N o _ A% BP assigned.
Displayed Value Input STORE TD
DISPLAY A/B
Key Status Memory SAVE 1 Vi
SAVE 2 2
RecaHl Saved Key Status RCL 1 L1
RCLZ | L
Display A Multiplier x10% (k) Pl
x10° P2
x107 (m) P3
X107 () P4
x107% (n) P3
x107%2 ( p) P4
Display B Multiplier , x10* (k) Q1
i x10° Q2
x107 (m) Q3
x107% () | Q4
x10% (n) | Q5
Display A Digit Shift 0 : MO
1 Ml
2 MZ
3 M3
4 M4 ............ S—
Display B Digit Shift §] Lo
1 L1
2 L2
3 L3
................4 L4 s e ]
Manual Sweep STEP 1v 10
L STER G | SD .
Auto Sweep START ¢ wu
START & WD
PAUSE BS
[ - ABORT AB
High Speed ' OFF HO
o vemf e m——— e ON H]
Log Sweep OFF GO 4
Calibration OFF €0 !
ON C)
START Cs
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Table 3-9. Remote Program Code (Sheet 3 of 3).

Maodel 4191A

T

Control Program Code Description
Trigger Mode INT TI
EXT T2
HOLD/
. MANUAL 3
Range Hold OFF RO
ON | R1
| Execute EX
Data Ready QFF Do
ON DI
Self Test OFF S0
B LT TRV P PPRPE NPT PAPPYRE! PRI ON S ]
Recorder Control CF1- XY
LL LL
UR UR
Interpolation QOFF 10
ON 11

3-73. PARAMETER SETTING

XX+ NNNN.NNNNEN

3-74. A 4191 A can be set to twelve parameters (refer
to Table 3-10) by remote programming as follows:

{l} Program code for parameter setting {refer to Table

3-103.

(2} Setting value (numeric or space}.

(3) Parameter terminator,

3-76

)] 2) (3}
Table 3-10. Program Code for Parameter Setting.
Parameter Program Code Setting Value

SPOT FREQUENCY (MHz) FR__ | 1.0~ 1000.0 (1.0000 ~ 1000.0000)
STEP FREQUENCY (MHz) | SF | 0.1~ 999.0 (0.0001 ~ 999.0000)
START FREQUENCY (MHz) TF 1.0~ 1000.0 (1.0000 ~ 1000.0000)
STOP FREQUENCY (MHz) FF | 1.0~ 1000.0 (1.0000 ~ 1000.0000)
SPOT BIAS (V) BI —40.00 ~ +40.00
STEP BIAS (V) B 0.01 ~ 40.00

Er T a— = e i
STOP BIAS (V) PE ~40.00 ~ +40,00
DISPLAY A REFERENCE RA ~199.99 ~ +199.99
DISPLAY B REFERENCE RB ~199.99 ~ +199.99

| ELECTRICAL LENGTH (cmy | EL 0.00~99.99
OPEN CAPACITANCE (pF) ac ~1.000 ~ +1.000
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3-75, DATA OCUTPUT swept parameter and swept frequency or bias value are

cutputted by the 4191A in auto sweep or calibration
3-76. Data outputted by the 4140A includes data mode, These data are outpuited in format as showna in
statuses, measured parameters, deviation measured modes Figure 3-21.

and measured vatlues for displays A and B. Moreover,

(1}
(2)
{3)
{4)
{5)
(6)
{7
(8)
)
(10)
(11)
(12)
(13)

(1)  SPOT MEASUREMENT
The data is outputted in the following format when measurement frequency and bias
voltage are fixed.

W XXXstNNN. NNE+NN XXX+t NNN.NNE: NNCDID
(1) 23 (3) (4) (3) (6) {7} (8} (9] (m {113

(2) AUTO SWEEP MEASUREMENT AND CALIBRATION
The data is cutputied in the following format when measurement (requency or bias voltage
is swept automaically or when the 4191 A is set to calibration mode,

L X:NNNN NNNN,XXX+NNN NNE+NN,XXX:NNN. NNE:NNEDID
(a2 13 © 0 @@ s) 5N E ) (10) (1)

Notes: 1. Data delimirer is sef @t the factory o7, fcomma)” (see Figure 3-20} In this

Space

Data status of display A

Function of digplay A or calibration condition

Deviation measurement mode of display A

Value of display A (decimal point position is coincident with display)
Comma (data delimiter)

Data status of display B

Funetion of display B or calibration condition

Deviation measurment mode of display B

Value of display B (decimal point position is coincident with display)
Dhata terminator

Swept parameter

Measurement frequency or bias voltage ( decimal point position is coincident with dis-
play)

case, data outputted by the 41914 is a continuows 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 31504 Thermal Printer, the delimiter form bit (HP-IB
control switch Bit 8) on the rear panel is set to ""CR/LF” (see Figure 3-20).

2 Data status, function, deviation measurement mode and swepi parameter are ex-
pressed by a leiter of the alphabei as given in Table 3-11.

Figure 3-21. Data Output Format for the 4191A,
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Table 3-11. Data Qutput Codes.

Information Code
[Data Status Normal N
Overflow O
Deviation Measurement D
impossible
Needs Calibration ]
Display A FA Z
Function N4 Y
P M
R R
G G
I'x x
L L
C C
Display B # (deg) D
Function 8 (rad) R
X X
B B
I'y Y
R R
G G
D D
Q Q
Calibration oQ 3
Condition 0s 0
506 T
Deviation Normal Measurement N
Measure- Deviation Measurement b
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

whenever one of bits 1 thrw 4 or 6 is set. Figure 3-22
shows the Status Byte make up of the 4191 A,

378
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3-70. PROGRAMMING GUIDE FOR 4191A,

3-80. Sample Programs for HP Model 9825A4/9835A
Desktop Computers are provided in Figures 3-23 and 3-24.
These programs are listed in Table 3-12.

Nores:

1. Specific information for HP-IB programming with the
38254 or 38354 are provided fn the 385254 or 38354
programmnting manuals,

2. The equipment required for these sample programs
include:
41914 RF Impedance Analyzer
080344 HP-IR Interface Card
98254 Desktop Computer with 982104 Str-
ing-Advanced Programming ROM
982134 (General {0 + Extended I/Q
ROM.
oF
98354 Deskrop Computer with
983324 General IO ROM

Table 3-12. Sample Program using 9825A/98354A

Sample . o
Program Figure Description
1 3-23 Remote control and data out-

put in spot measurement.

=]

3-24 Remote control and data out-
put in auto sweep measurement.
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Bit 8 7 6 3 4 3 2
Information 0 0/1 0/1 0/1 0/1 0/1 0/1 [ 071

Signal bit 7 (RQS signal} establishes whether or not service request exists,
Signal bits | thru 4 and 6 identifies character of the service request states.

Service request states of the 4121A:

(1} Bit 1: @If Data Ready is set to ON, this state is set when measurement data is provided.
@lf Self Test is set to ON, this state is set when Self Test is completed.

(2) Bit 2: @When the 4191 A receives an erroneous remote program code, this state is set.
@If Bit 6 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
ig set.
@If Bit 6 is set, this state is set when phase lacked loop is defective.

(4} Bit 4: @When the 4191A receives trigger signal before last measurement is completed, this
state is set.
@thn the 4191 A provides measurement data before last measurement data is out-
putted, this state 15 set.
@lf Sell Test is set to ON, this state i3 set when Self Test is faulty.

(5) Bito: @[f 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 18 independent of bit 7 (RQS signal). When auto sweep or calibration is being per-
formed, this bit 1s set.

Figure 2-22. Status Byte {or the 41214,

Section I
Figure 3-22
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Figure 3-23
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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) Conitrol of the 4191 A via HP-IB.
(2} Trigger of the 4191A via HP-IB,
{3} Data output from the 4191 A in spot measurement via HP-1B.

9825A
O
1:

ra

R AN A

(1)
(2)
(3)
(4)
{(5)
(6}

By using string variableg, complete output information from the 4191 A is stored by the following

Programs:

Q825A
X

el A v d

Program
fitd 10:
wrt717,“A1BIT3" 20
M (?) (3
wrt717,“FRI0EN™ 30:
@ (@
wri717,“EX™ 40:;
(6}
red717,AB 30:
dspAB 60:
prtA B 70:
end 80:
Select code of 98034A.,

Address code of 4191 A,

9835A Program

FLOAT4
OUTPUT?17;*A1B]T3”
@ ]
OUTPUT717“FR10EN"
@ &)
OUTPUT717;“EX”

®
ENTER717:AB
DISPA,B
PRINTA,B
END

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 4191 A (refer to paragraph 3-73).

This line means the same as following program:

9825A: trg717
9835A: TRIGGER717

Program:

dimAS[50] 10
wrt717,“A1BIT3" 20:
wrt717,“FRI0EN" 30
wrt717,“EX” 40:
red717, A$ 30:
dspAS 60:
prtA% 70:
end 80:

9835A Program:

DIMAR{5Q]
OUTPUT717;"A1BIT3”
OUTPUT717;"*FRIQEN”
OUTPUT717,“EX™
ENTER717;48

DISPAS

PRINTAS

END

3-80

Figure 3-23. Sample Program 1 using 9825A/9835A.
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Figure 3-24

(1)
2)

9825A Program:
(IR

P —

OO0 -d O owa Bt

10

11:

Sample Program 2

Description:

The program has three capabilities which are:

dimAS[100,50] 10:
in
wrt717, “A1BIT3” 20:
wrt717,“SF1ENTF 1ENPF100EN™ 30:
wrt717, W” 40:
01 50:
I+1-+1 60:
red717:A8([1] 70:
dspAS[1] 80:
prtAS[T] 90:
rds{717) > A 100:
@
if bit(A 4)gtos 110:
3)
end [20:

This program is a remote control and data output program in auto sweep measurement.

(1) Contral of auto sweep measurement of the 419t A via HP-IB.
2y Auto sweep of the 4121A via HP-IB.
(3) Data output from the 4191A via HP-IB.

O835A Program:

DIMAS(100){ 50]
(1
OUTPUT717:¥A1B1T3”
OUTPUT717:“SF1ENTF | ENPF 100EN”
OUTPUTT17:WU”
=0
[=[+]
ENTER717:AS(T)
DISP AS(D)
PRINT AS(I)
STATUSTITA
)
IF BIT(A,4)THENGO
)
END

Establishes a dimensional array parameter that is greater than number of measurement points.
Inputs 4191 A SRQ Status Byte to variable A,
{3) When auto sweep being performed, hit 4 of variable A (hit 5 of SRQ Status Byte) is set o

Hl”

Figure 3-24. Sampls Program 2 using 9825A/3835A.
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SMITH CHART APPLICATIONS

The Smith Chart is a convenient artifice for facilitating rf
vector impedance calculaticns which are sometimes
needed to correct measured values for change of electrical
tength 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
guantities:

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 are constandt.

M-constant

R=constant

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
(#0o = 500) of the measuring circuit, that is:

o e Zx Rx X
ormahized impedance I+ | AL Z(J 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
center of the Smith Chart plane. The radius vector Zo- Zt
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 vector are
provided along the oufer 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 Zo-Zr. The absolute value of the
reflection coefficient || is constant at any point on the
circle of the radius Zo Zr.

" value is
constant

Phase ang!e e '-

of reflection ”‘.‘

eoefficient ‘“‘\
AN Q

||

Phase scale

AW

Figure B. Smith Chart,

When a paraltel transmission line (coaxial line) of line
length & is tetminated 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-
gfficient value [" produced by the lead length & is cai-
culated using the following equation:

4
# =—: (h: 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:

.22
Y

The rotational angle may be measured as £' on the wave-
length scales instead of 2.

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
sample 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.

O

™
=)
o]
)
—
N
Fil

g

distributed inductance per unit length.
distributed resistance per unit length.
stray capacitance per unit length,
stray conductance per unii length.

0D
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On the confrary, if a measured impedance value is Zm,
the true impedance value of sampte is found as Zr by
rotating the radius vector Zo-Zm counter-clockwise.

Notes:

. The abave discussion assumes thar rhe rest signal
propagation loss in the line is negligibly low, Actual-
ly, the propagation losses may be neglecied when the
measuring circult length is short,

%)

When the rransmission line has a certain level of pro-
pagation loss, the radius vecior of the measured reflec-
tion coefficient shortens by 1/ 2% (o = grrenuation
coefficient of the lne),

1} The above figore shows a lumped constant eguiva-
lent c¢ircuit model of a parallel or a coaxial trans-
mission line. The charactaristic impedance (Zo0) of
this line is represented by the following equation:

/z— B + jwL
Zo = [f— = j——
Y G+ jwC
where, R, L, G and C are the equivalent circuit ele-

ments of the distributed constants. Propagation
constant () of this line is given as:

v = ZY = VRtiwlG+joCy = e + jf

where, atfenuation constant ¢ and phase constant
8 represent the attenuation of the signal amplitude
and the phase shift, respectively, per unit line
length.

When the Zo and ¥ values of the transmission line
are unknown, these constant values can be experi-
mentally derived by measuring impedance as the
line is terminated at open-circuit and short-circuit

conditions:
r 9]

L Open www Zshort —
o O

3-B
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Zo = A4 ZOP;‘H . Zshort
1 can 1" Zshott
= n ——
7 ¢ a Zopen
1 Zopm T 4/ Zshort . ng@'l
= ——log
2¢ Zopen — &/ Zshort - Zopen
Z = Zoy
Y = yffo

2y When an impednace element Zs¢ 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:

N £ .
o
i = 0 Iy
o
Zn + Zo tan h vt
Zi = Zo

Zetan hy? + Zo

Measured reflection coefficient is:

3)

Ze — Za
' =TIy c—?'rﬁ‘ [ —— e—z'}'@

Ze + 7o

The sample impedance valug is therefore calculated

as:
7 Zo tan hye-7Zi
Q =
Zitanhy® ~ Zo
. 1 + e
or Zg = Zy W

If the transmission line is ideal, - that is, it has no
loss {R =0, G = 0), the equatiens which represent
the values for Za, v, Zi and Z# are simplified as
follows:

Za = \/% v o= jwa/LC (2=0, p=w~LC )}
) Ze + jo tan gt
Zi = Lo -
Zo + jZz tangg
Zo = Zo Zi - jiqu tan 3%
Zoe — jZi tan SR

APPENDIX Model 4191A

I + De2if

or Z¢ = Zy —"ﬁ T

4) With a cascade connection of different transmis-
sion lines as illustrated below, the impedance value
of the samyple can be calculated by using the given
equations as follows:

ot 12 ] Lo, n
71 = Ia 1= 21
o [ ‘
e line 7 I-— Tine 1 1
i Zytanhme - 7
fa = 7y -
Ztanhm@ - Zi
) Z: tanhy2¢2 — Zi
Zi' = Za

Zi tanhy20z — Z2

where, Zi" is impedance value measured at the in-
put of fine | (Z1. &,y
Zi is impedance value measured at the in-
put of line 2 (Z2,02,¥z).

As the above equations have the identical form of the
erquation terms, a programmed calcultation can facili-
tate the procedure by repetitive use of the same basic
equation.
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Table 4-1. Recommendad Test Equipment.

Section IV
Table 4.1

Coaxial Capacitor (318pF at 10MHz)

Equipment Critical Specifications Recommended Mode! § Use
Frequency Counter Frequency: 1 GHz
Sensitivity : —35dBm HP 5340A P A
Accuracy @ <1 x 1077
Attenuator 10dB to 1 GHz, 500 HP 8491A P A
Cable N type connector cable HP 11500B PA
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: 1 GHz
Sensitivity: —20 to OdBm f.s. HP 436A P A
Accuracy . *0.5dB
Power Sensor 1uW min_ to 1 GHez, 509 HP 8482 A P A
Digital Multimeter DC Voltage Range: 1mV to 100V PA
Resistance Range : 1002 f.5. min HP 3455A T
Voltage Accuracy : 0.01%
Test Leads Dwual banana to alligator clip leads HP 110024 AT
Test cable BNC to dual bantana plug cable HP 11001A P
Terminal Convertor APC-7 to BNC female P
Spectrum Analyzer Frequency Range: 1MHz to | GHz HP 14T
Resolution - 100 Hz w/R554B P A
Dynamic Range : > --90dB w/8552B
Oscilloscope Banc{xf:i(.jth : IUDMH.Z HP 17404 AT
Sensitivity : SmV min.
Probe 10MQ2, 10:1 HF 100061 AT
L 1
DC Power Supply Output .Voltaga.. OV to 20V HP 62248 AT
Resolution : 0.01V
Thermometer Temperature Rarlge: 15°C 1o 30°C HP 2802A A
Accuracy - $0.5°C
Probe Thermister Sensor HP 18641 A A
Reference Terminations | 0Q
500 HP 16342A
{Calibration Equip- P A
08 (eo82) ment Xit)

Reference Air Line

20cm long (HP 11567 A calibrated)

4-A
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Saction IV
Table 4-1
Table 4-1. Recommended Test Equipment {cont'd).
Equipment Critical Specifications Recommendead Model | Use
Calculator HP 9825A
wi98210A P
w/9B216A
Interface Cable HP 58034A P
Logic Test Box {Special electronic tool for troubleshoot-
ing digital control board using a signature HF 16341 A T
analyzer)
Signature Analyzer HP 5004 A T
Extender Board 10 pin dual in-line -hp-04191-66560 AT
10 pin gingle in-line -hp-04191-66561

4-B

P: Performance Test,

A: Adjustment, T: Troubleshooting
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Section IV
Paragraphs 4-1 to 4-8

SECTION IV
PERFORMANCE TESTS

41, INTRODUCTION

42, 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 igst set-up itself are correct and then proceed with
adjustments and/or troubleshooting.

Note: To ensure proper test resulis and fnstrument
operation, Hewlett-Packard suggests a 40 minufe
warm-up and stabilization period before perform-

ing any af 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
ate especially suited for use as the 4191A’s accuracy test
standards,

Notes:

1. Mmeluded in the 163424 is the 4191A Test Program
Tape. This iape comidins programs that, when used
with the HP Model 98254 Desktop Computer, aulo-
matically perform the performance tests described
here, For more information on the test programs,
refer to 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.

45 TEST RECORD

4-6.  Performance {est 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

48 This insttument reguires 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
shoutd be performed at least twice a year.
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ACCURACY TEST CONSIDERATIONS

GENERAL

Measurement accuracy of the 41%1A is specified for the reflection coefficient which is the direct measure-
ment parameter of the measuring circuit used. The accuracy of the other available mezasurement parameters
are, if low order errors related to the significant digits jn the parameter conversion calculations are dis-
regarded, equivalent to the accuracy of the reflection coefficient paramater, 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 terrninations, and reduces the errors to the level
of inaccuracies inherent in those reference terminations. Consequently, iff aunto-calibration is performed
in accordance with the programmed routine, errors inherent in the measurement civcuit will have little or

no effect on the resultant accuracy.

TFhearetical background of the auto-calibration

The reflection coefficient vectors for the reference terminations are located on the axis corresponding to
T'y = 0 on the Smith Chart shown in Figure A. These vectors are:

052 Ta=-1,Ty=0 (=1L}
0S: Tx= I, I'v=0 (I"=1.L0)
302 T'x= 0, Ty=0 (I'=M

Figure A. Referenca Termination Vectors.

During acquisition of calibration data, the reflection coefficients for these references are measured to verify
the particutar characteristics of the measurement circuit causing measurement errors. The measured T values
provide the individual values of three dominant error factors, which are represenied by the following equa-

tions:
eoo = I'sp
F.*+Ty .
= Cee . (4-1
€n r_-T, (4-1)

ggr = (T — Tpd (I +e,)

where; ey, is the reflection crosstalk (directivity ) error of the directional bridge measuring circuir.
gqy ts the linear tracking error (full scale error).
€y is the (unwanted) reflection port mismatch error,
I'a. I and Iy are measured T values for 002, 08 and 500 reference terminations, respectively,

42
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ACCURACY TEST CONSIDERATIONS

All the measured DUT values are corrected for the effects of these esrors using the following caleulation:

Tn-e
Time = L 4-2)
ey (= ea0} + £
where: [Nyue 15 the actual T' value of the DUT.

I'm is the measured T value of the DUT.

Since egy, o1 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 reguired for the correction calculations. Because the Ty 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 erross related fo the T'y components also deviate the measured values for the reference
terminations from their nominal values and are imeluded in the calibration data. Thus, error correction can
be achieved on all measured vectors without additional reference.

The discussion that follows is related to the conditions that must be satisfied when performing an optimum
calibration to maximize measurement accuracy. Fipure 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 inchided 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 occur. Accordingly, the phase detector must be operating at
optimum detection accuracy, As the same phase detector circuit acts for both I'x and I'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 (g, ) by the auto-calibration function. Thus, the phase
accuracy of the 0° and 90° detection phase signals eventually dominates the measurement accuracy.

Phose
det.
Direciienal « Sampiing Freq. A-D o
Signal bridge Convarter and
source Converter
—_— ™ IF Amp.
IM~I000MHz
*® and 90°
detection phase
ouT signal .

Figure B. 4191A Measurement Section.
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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-
tien coefficient equal to I'=0 ~ jI (i.e. £ =-]509). Because of its structure and characteristics. the coaxial
capacitoer makes i 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 en the Smith Chart plane, as shown in Figure C. Deviations in mag-
nitude of the measured vectors from the reference points represent basic errors, including various effects
equivalent to internal losses in the measuring circoit (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.

504 termination

08
termination

g8
termination

Figure C. Reflection Coefficient Loei of Calibration Data.

For further confirmation of the accuracy, the precision reference air line, included in the 16342 A, 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 4191 A measurement frequency
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 tota!
of 51 frequency points (identical to the 4191A calibration frequencies) are theoretically calculated 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

Section IV

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 tesis 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 4191A 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 082, 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 092 Reference Termination (Part No. 04191-85300) has a gold plated, plane contact which short-circuiis
the test port to an accurate 0 impedance when connected {o the UNKNOWN terminal of the 4191A. As
the measurement signal current flows between the center and outer conductor of the ferminal through the
gold plated surface and across the contact plane of the 09 termination, the additive resistance to the 08} is
extremely low, Moreover, the structure of the termination yields radial vectors of the measurement current
flowing from the center towards the outer conductor {or the reverse direction), thus, there must be an
opposite vector relating to an arbiirary current vector in the radjal 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 02
reference termination has 0 with a very low residual impedance (less than 2ms) at frequencies 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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ACCURACY TEST CONSIDERATIONS

Radial vectors of the measurement signal current on the 08 ter-
mination surface,

CONNRCTIOr

500 Reference Termination:

The 508 Reference Termination (Part No. 04191-85301) has a non-reactive impedance of 50 with an
accuracy of £250m$) over the entire measurement frequency range of the 4191A and is traceable to the
National Bureau of Standards (NBS). The termination impedance of 508 is guaranteed to meet the specified
accuracy *{I"| < 0.0025 when shipped with the 4191 A instrument from the factory. The accuracy of the
5092 termination should be checked when performing the biannual calibration of the 4191 A.

*Note. The accuracy of the 5011 termingtion is specified for the reflection coefficient. This accuracy
corresponds ro 50 * (.23 8 in impedance representation (nor specified ).

0S Reference Termination:

When the 05 termination {Part No. G4191-853302) 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 admiftance fairly close to 08. As the considerable factor of the stray admitiance, the fringe
capacitance present between the center and cuter conductors of the UNKNOWN terminal slightly turns the
reflection coefficient vector from that of the true 08, This fringe capacitance is theorefically 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 compenszte the calibration data, obtained from the 08 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 0000

where, # is the phase angle.
£ is the measurement frequency in MHz.
ACr s 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 4-9 and 4-10

PERFORMANCE TESTS

49,

4-10,

MEASUREMENT SIGNAL FREQUENCY ACCURACY TEST

This test verifies that measurement signal frequencies of the 4191 A meet the specified frequency accuracy.

Frequency accuracy:

3 ppm at 23°C

FREG. COUNTER
Ipa.oGoon a Lse s
[ 3 c o —
Eﬂ—
500
|odB Attenuctor inpus

Figure 4-1. Measurement Frequency Accuracy Test Setup.

EQUIPMENT:

Frequency Counter ... . ... . ... .t i i HF 53404

10dB Attenuator . .................... 0o iewer.o...... HP B491A

TestCable ...... ... . i iee i e einnennn.. .. Nitype connector cable

Terminal Converter ... .. ... . ... e N type female to APC-7

connectar (HP 11574A)
PROQCEDURE:
1. Connect the 10dB attenuater and the connection cable batween the frequency counter input and the 4191A

I AR

UNKNOWN connector as illustrated in Figure 4-1.
Set 4191 A SPOT frequency to 100 MHz.

Set frequency counter display resolution to 10 Hz.

Frequency cournter display readout should be between 99.99970MHz and 100.00030MHz,

Set 4191A SPOT frequency in accordance with Table 4-2, Frequency counter readouts should satisfy the test
Hmits listed in Table 4-2 at all test frequency settings.

Nate: For units with option 002 (high resolution test frequency ), also check at the frequencies listed in Table
4-3.

47



Section IV

Tables 4-2 and 4-3

PERFORMANCE TESTS

Model 4191A

4-8

Table 4-2. Freguency Accuracy Test Limits.

SPOT Freq. Test limits SPOT Freq. Test limits
1.0MHz * 20H=z 405 .0MHz t1200Hz
32,0 * 80Hz 405.1 +1200Hz
32.1 + 80Hz 450.0 113404z
33.0 +* 90Hz 450.1 t1340Hz
2.5 +* 170Hz 500.0 +1490Hz
62.6 + 170Hz 500.2 £1490Hz
125.0 + 360Hz 528.0 +1570Hz
125.1 + 360Hz 528.2 t1570Hz
250.0 * 740Hz 556.0 *]1650Hz
250.1 + 740Hz 556.2 £1650Hz
264.0 + 780Hz 588.0 £1750Hz
1641 * 780Hz 588.2 +1750Hz
278.0 + 820Hz £30.0 +1880Hz
2781 + §20Hz 630.2 +1880Hz
294.0 + B70Hz 680.0 +2030Hz
2941 + 870Hz 680.2 +2030Hz
315.0 + 930Hz 744.0 +2220Hz
3151 + G30H=z 7442 +)220Hz
340.0 *1010Hz 8100 +2420Hz
340.1 +1010Hz 810.2 +2420 Hz
372.0 +1 100 Hz S00.0 +2690 Hz
3721 +]1]100Hz S00.2 +2690Hz
1000.0 +2990Hz
Tahle 4-3. Additional Tests for Option 002,
SPOT Freq. Test limits SPOT Freg, Test limits
10.0111 MHz * 20Hz 360.0666MHz +1070Hz
100.0111 £290Hz 400.0777 +1190Hz
251.0000 +740Hz 440.0123 z1310Hz
2700111 +800Hz 500.0000 *1490Hz
300.0999 1890Hz 800.0222 *23%0Hz
330.0333 +980Hz
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Paragraphs 4-11 and 4-12
PERFORMANCE TESTS

411, MEASUREMENT SIGNAL LEVEL TEST

4-12.  Thig 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: =201 3dBm

POWER METER

|
ooooalo
Power |
awer B
® o @ O sensor

1 —7

Figure 4-2.  Measurement Signal Leval Test Setup.

EQUIPMENT:
Power Meter . e HP 436A
POWEL BemSOr « . . e HP 3432A
PROCEDURE:

1. Connect the power sensor between the 4101A 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 SO0MHz 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 wmeter CAL FACTOR dial contral for the calibration factor value plotfed on the
POWEP SERSOT,

2. To ser the SPOT frequency casier, ser the STEP frequency rto JOMHz and use the manual fre-
quency sweep function,

4-9
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Paragraphs 4-13 and 414

PERFORMANCE TESTS

Model 41914

413,

MEASUREMENT SIGNAL PURITY TEST

4-14, 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 1 < -30dB below fundamental

Sputious Level: < -30dB below fundamental

SPECTRUM ANALYZER

Q
O
oOols
o
beocooo|o o
sooo [cO()O 2
—_—— | i

Figure 4-3. Measurement Signal Purity Test Setup,

EQUIPMENT:

Spectrum Analyzer ... ... ...

PROCEDURE:

I.

HP 1417

w/ B354B

w/ B552B

N type connector cable
N type female to APC-7
connactor (HP 11524A})

Connect an N type connector cable to the 4191A 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 tollows:

410

Center freqUency . ... it i it e v s et iaaes
Bandwidth ... .. .. i e e e
Scanwidth .. ...... .. .. ...
Input attenuation ... .. ... ...
Scantime ... ...
Logreflevel ... ... .. ...
Display scale . ...t i e e e e
o Ter o I N1~ =2 o

.. SO0OMH:z
.. 300kHz

.... 0dB
.. 10msec

... OdBm

... AUTO
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Paragraphs 4-15 and 4-16

PERFORMANCE TESTS

3. Sct 4191 A controls as follows:

START freqUenCY¥ . . o vt it et e e e e e o 1MHz
STOP freqUecY .. oo e it et {00OMHz
STH P freqUeNCY . e e e e SMHz

4. Start auto frequency sweep from 1 MHz (presskey and SWEEP FREQ/BIAS @ kev).

5. The second and the third harmonic signal levels should be less than -30dB from the fundamental (at each
sweep frequency point) on the spectrum analyzer CRT.

Notes: 1. Check for low arder (1/2 and 3/2) harmonic signals at frequency points above S00MHz (instead
af the second and the third harmortics).
2, Verify that the magnitude of the fundamenial is greater than -23dBm at all frequencies.
6. Restart auto [reguency 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 electnical length compensator is approprately adjusted to optimize measurement
accuracy.
EQUIPMENT:;
PrImT . . i e e e e e e HP 5150A
Reference Terminations
6 D HP 16342A
5 Calibration
] 1 Equipment Kit
Note: The accessory reference rermingtions (QQ: 04190185300, 085: 04191-85302, 508 04191-85301) supplied
witlh the instriment may be used Instead of the 103424,
PROCEDURE:

1. Connect the 0f2 reference termination to the 4191A%s UNKNOWN connector. And, conneet an HP-IB
rable between the Printer and the HP-IB conneetor on the rear panel. Set the TALKER bit of the
ADDRESS switeh to on.

2. Set 4181A controls as follows :

START FREQ ceceemamiirie i ercn e 1M Hz
STOP FREQ  veecesrererrmrnsiorssonsasesnsisssssssasssss 1000 M Hz

3. Press the CALIRRATION key (kev indicator lamp lights),

4, Press the CALIBRATION-START button.

5, Monitor ecelibration data (measured T, and Ty values} printed out for individual calibration
frequencies. The print outputs should be within the test limits given in Figure 4-4,

6. Perform auto-ealibration again using the 0S and 500 reference terminations. Verify that the print

outputs are within the test limits for the respective termination {in Figure 4-4).

4-11
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Section IV
Figure 4.4

and Table 4-4

PERFORMANCE TESTS

Modei 4191A

i

o

5
it

=
et
;i
o

Figure 4.4, Calibration Data Test Limits.

Table 4-4. Simplified Test Limits

119 08 500
-1.1 £ Tx £ -07 0.7 'y £ 1.1 -0.05 < I'x £ 0.05
-05 €Ty« 05 05 £y <05

-005 £ Ty < 005

Notes

If & 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 recheek only the critieal test results for Figure 4-4,
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PERFORMANCE TESTS

Section TV
Paragraphs 4-17 and 4-18

4-17,

4-18.

ERROR CORRECTION FUNCTION TEST

This test confirms the functions of the auto-calibration test including calibration data acquisition. memory and
correction calculations for unartificial measurement data.

Nate: [t is reconmended that the auto-calibration test described in Para 4-16 be performed before this rest.

EQUIPMENT:

00 reference termination: (Use the same termination that was used in Aufo-Calibration).

PROCEDURE:
1. Connecet the 00 reference termination to the 4191A UNKNOWN connector,
2. Set 4191 A controls as follows:
DISPLAY A and Bparametars .. ... ... ... ... .......... 'x -I'y
START FREQ ... e i e e IMHz
STOP FREQ ... e e i e eean 1000MHz
BT P FREQ . i i e e e *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 MHzy, Monitor the
measurement display values on DISPLAY A and DISPLAY B.
4. The display outputs should he within the test limifs given below:

IMSPLAY A (x valuesy ;. -1.0000 £10 counts.
DISPLAY B (Iy values)y:  0.0000 £10 counts.

Note: If this test fails, recalibrate the instrument and re-run this fesi.

4-13
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Paragraphs 4-19 and 4-20

PERFORMANCE TESTS

4-19. ACCURACY TEST

4-20, This test measures 4 precision air line at various frequencies and compares the measured values with the cali-
brated values of the air line to verify that the 419[ A meets its specified accuracy.

Nate: This test also confirms the measurement accuracy of the reflectinn coefficient vectors which are out of phase
with the reference fermination vectors fin auto-calibration). Accwracy equivalent to that of the reference
termination vectors is established for any phase vector if an accuraie vecior phase derection is achieved. This
can be assured by measuring a precision aiv line that causes the measured veflection coefficieni vectar 1o rum

F60 degrees as the measurement frequency nereases,

The reflection coefflcient vector of the air line develops its locus along the circumference of the Smith Chart as

the measurement freguency increuses, and allows testing accuracy {or all the vectors.

EQUIPMENT:
Reference Air Line ... e ) HP 16342A
Terminations: OS .. ... . f(‘alibration
L 1 Equipment Kit.
FRCCEDURE:

Note: The test program tape included in the 163424 Calibraticn Equipment Kit automatically performs the data
acquisition, comparison, printouts and plotting involved in the accuracy fest procedure. For derails on the
use of the test program, refer to the Test Program User's Guide included in the Kit. This paragraph provides

an outline of the fest procedure.,

1. If the memorized calibration data is not useable in the |MHz to 1000MHz frequency range, perform auto-

calibration for the fuli frequency range.

[

Connect the calibrated air line (20cm long) to 41914 UNKNOWN connector.

Caution: Do not teuch the precision contact surface of the air Jine.

3. Connect the 08 reference termination to the tip of the air lne.

4-14
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Paragraphs 4.21 and 4.22

PERFORMANCE TESTS

4.

4-21.

4-22.

Set 4191A DISPLAY A and DISPLAY B parameters as follows:
DISPLAY A e e e i
DISP LAY B . e & (rad)

Measure the apen ended air line at frequencies identical to the auto-cafibration frequencies. Note DISPLAY
A and DISPLAY B readouts ('] - 2 values).

Connect the 08 reference termination in plage of the 48 termination.

Measure the short ended air line at the auto-calibration frequencies. Note DISPLAY A and DISPLAY B
readouts.

Compare the messurement 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 Takile

4.5,

Table 45. Accuracy Test Limits.

Parameter Test limits
N C.V. £ {70 + 0.051) counts
g (rad} C.V. £ (70 + 0.051) counts
C.¥. = Calibrated value of the air ling

f

11

Test frequency in MHz

Note: The difference benween the reflection coefficients measured at adiacent calibration frequencies should
not be more than *200counts

DC BIAS VOLTAGE ACCURACY TEST

This test verifies that the internal de bias voltages of the 4191A meet the specified voltage accuracy.

Bias voltage accuracy: i (3.1% of setting + 10mV)

To regr panel DT BIAS EXT INPUT 7 INT MONITOR

\ Cannector
i
|
|
}
l
| D
[
nnpoooo
| ReR:R=R =R =; go
: aooonon i n gy e i |
I :
I |
|
DC BiAS Swifch M e e — —

Figure 4-5.  Internal Bias Voltage Accuracy Test Setup.
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Paragraph 422

PERFORMANCE TESTS

EQUiPMENT:
Digital Multimeter . ... ... ... ... HP 3455A
Test Cable . ... e BNC to dual bapana plug cable

Terminal Converter .. ... . .. s BNC to PAC-7 connector

PROCEDURE:

1. Connect the BNC to dual banana plug cable to the DC BlAS EXT INPUT/INT MONITOR connector on the
4191 A rear panel and to DMM input. See Figure 4-5.

P

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 to 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 tabile.

Table 4-6. DC Bias Voltage Accuracy Test Limits

Voltage sctting Test limits Voltage setting Test limiis
0.01V .00V min ~ 0.02V max - DOty 0.00V min ~ - .02V max
0.03V 0.02V ~ .04V - 003V - 0.02V ~ - 0.04V
0.07V 0.06V ~ 0.08V - 007V - 0.06V ~- 0.08V
0.13V 0.14v ~ .16V - 015V - 0.14V ~- 0.1aV
0.31V 0.30V ~ 0.32V - 031V - .30V ~- 032V
0.63V 0.62V ~ 0.64V | - 0,63V - 0.62V ~- 0.64V
1.27V L.26V ~ 1.28V - 127V - .26V~ - |28V
2.55v 2.538V ~ 2562V - 255V -2.538V ~ - 2562V
511V 5.095V ~ 5125V - 511V -5.095V ~- 5,123V

10.23V 1021V ~ 10.25V -10.23V -10.21V ~-10.25V
2047V 20.44V ~ 20.50V -2047Y -20.44V ~-20530V
40.00V 3995V ~ 40.05V ~43.00V -39.95V ~ -40.05V
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PERFORMANCE TESTS

Confirmation check

This check verilies that correct dc bias voltage is applied to the UNKNOWN ferminal.
1. Using an APC-7 to BNC terminal converter, connect the DMM input cable to the UNKNOWN connector.
2. Set SPOT BIAS vatage in accordance with the tabie below and verify that the DMM display readouts meet the
test limits given in the table.

Voltage setting Test limits
40.00V 31995V min ~ 40.05V max
-40.00¥ -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 requirad.

PROCEDURE:
b, Set 4191 A controls as follows:
DISPLAY A/B parameters . ... ..ot e ens I's -Ty
SPOT FRER ... . e e e e I100MHz
STEP FREQ ... . ... 20MHz
HIGH SPEED . . . . on

Press key and STORE DSPL A/B key (te enter the displayed numbers as reference values).
Press DISPLAY A A/A% and DISPLAY B A/A% keys.

oo™

Press blue key and SAVE | key (to memonize these control settings).
S. Turn the instrument off, wait 2 few gecond and turn it back on. Repeat this procedure 5 times.

6. Press any key. An E-07 error message will oceur. Press another key (o cause the instrument to skip the pro-
grammed 10 minutes initial warm-up fime. The 4191A 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.
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Paragraphs 4-25 and 4-26

PERFORMANCE TESTS

425, 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
measutement display values with a specitied voltage accuracy.

Qutput voltage accuracy: % {(0.5% + 2mV)

To rear panel RECORDER OUTPUT Connector

ooocoQ

oopangoono
S 3
()

OonfpAocon | poaoo oo

Figure 4-6. Racorder Output Voltage Accuracy Test Setup.

EQUIPMENT:

Digital Multimeter . ... ... ... ... ... ... ... .. cuiu.v.ou.... HP3455A

Test Cable ... e BNC to dual banana piug cable

PROCEDURE:

1. 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 treadout should be within OV £2mV de.

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 URTT key.

6. Measure de voltages at RECORDER OUTPUTS connectors as in steps 2, 3 and 4. DMM readout should satisfy
the test limits given in Table 4-7.

418
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Paragraph 4-26
PERFORMANCE TESTS

11

13,

14,

15,

Set 4191 A controls as follows:

DISPLAY A/B function ... . . ... .. .. e M-Iy
TRIGGER . o e HOLD/MANUAEL
RANGE HOLD ... e ise e iae s, 0N
START FREQ ... e e . 1.OMHz
STOP FREQ . e it e e e 1000.0MHz
SPOT FREQ ... .. e e 99, 9MHz

Read DISPLAY A output as X and DISPLAY B ontput as Y.
Calculate X-0.0100 as (.x; x5 %3 %4 and ¥-0.0100 as O.y; v y3 ¥4 value.

Fnter the caleulated numbers as the reference input numbers for REF A and REF B functions:

BEF & MHz em
ELEC LG v

Keystrokes : [ ° H . I{’“]["*J[“][’“][ I
REF B MHz tm

v

CJCIGA0) Gl I L
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 RECORDER OUTPUTS connecters. DMM display outputs should satisty 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 +Q.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 1o
-.0100.

Measure the d¢ voltage at the DISPLAY A and DISPLAY B connectors. DMM readouts should be within
—100mV £ 2mV for both connector outputs.

Table 47. Analog Recorder Qutput Test Limits,

) Output voltage test limits
Control setting
DISPLAY A DISPLAY B FREQ/BIAS

b LL 0+2mv 0 +2mV 0+2mV

UR Tt 1000mV + 7mV | 1000mV £ 7mV | 1000mV * 7mVY
DISPLAY A : 100 counts
DISPLAY B : 100 counts 100mV £ 2mVY 100mV = ZmVY 100mV £ 2mVv
SPOT FREQ: 99.9MHz




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 ta/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.

1y Talk only/Addressable modes, 6) Device clear.

2} Listener. 71 Device trigger.

32) Talker. 8) EOl (End Or Identify).
4) Remote/Local capability, 9) Service request.

5} Interface clear.

[ HF 98034 A rll

11k BEZ5A

/== — ]

[ i LR L U S O DN AN S N I
L e L ) [ N I )
[ S B I I P P P

ST R =T e ———

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

EQUIPMENT:

Desktop Computer .. ... . ... . HP 9825A
wi98210A
w[98216A

Interface Cable . ... . e e, HP 98034 A

PROCCEDURE:

I. Connect HP 98034A HP-IB Interface to the HP 9825A Deskiop Computer. equipped with [/O ROMs 98210A/
982164, and to the HP-IB connector on the rear panel of the 4191A.

2. 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 displaved on the 9825A SLD at test end.

Note: The data outpur and remote control functions are nar tested for all the qvailable Functions in the above
test procedure.
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Figure 4-8

PERFORMANCE TESTS
5. Try the sample programs given in Figures 3-23 and 3-24 of Section UL, Compare the output data with the

specified data lormat and measured DUT values.

LR

TN R

L]

"EREFR 419108 HP-1B CHECK FROGRAM %xxx¥ *-.
dim A$IS0T ,B$I[501,D8[32],E$132]

spc tpril "#14G..HAFIB TEST.."s;spc
QIUOIVIE; cmplUTU

"41914 HP-IB CHECHK PRIGRAMPIES . m=bh "SLOMDSPY
"DIO LIRE CHECK®*F}E$sgsh *"SLOWDSP®
dsp "SET MEAS.Z,0EG,IMT*;=tp
dsp “SET  ADDRESS SW TO TFALK OHLY*:slip
Q¥E

time 2000:0n err "ERK"

0}E

rdal7,., ,~8)J

if bit(7,Rl);gsb "ECGIF3"

if E;stp ;g5to 5

dsp "DIO L INE CHECK®

for I=1 1o 50

gsb “GETDIO"

next [

psb YTRHS"

1F D$L1,153="H X X ¥ X X X X";g910 "PASE"

gsb *PRTDIO"

sip ;9te 3

"FASGY . dap " *¥%%¥ PASS *¥¥kP.wmit S00:;5te *L3¢

*GETDIO™ :rdb (7002 R

bard (R )Y ior(R,V)}}IViret
"ERR":;pri Ef,"HARDSHAKE ERROR®
prt " “eprl * ";sip ;end
“PRYDID®:

pri "#¥x DIO LINES ®x®

prt "8-7-6-5+4-3-2-17

prt DelL,153

prt " "prt ¥ ";rel
"TENS™ :

ear {1J,V}IU

PHOX X X X ¥ X XUiDsI1,15]
faor 1=0¢ to 7

15-2%T}K

if bitd{l ,Ud=1;gtc 41
"H*}D$I[K,K]

it bil{!l,RI;"LY}IDSIK, K]
next [

ret

end

“lel =

ODIUYVYsemplUlU

cli

el 7

rem 7

dsp "SET ADOURESS SW to ADDRESSABLE"3stp

IFIY;7004YEY

"LISTEMER CHECK“YE$i1gsh “SLOWDSP"

dsp ™ LISTEW,REMOTE,C,D,INY on ?%ywrl ¥ ,"COT1AEETZ"
stp

CYEsredm (7K, L MIMN;if bitd{7 ,M=1;9sh "EQIF3"

if E=1;gto 52

"TALKER CHECK"}E$;gab "SLOMDSF™

dsp "TALK on & REMGTE off ?%:;1el 7;ved Y,A,B:stp
“IFC LINE CHECK"}E$:;q9sb "SLUOMWDSP";cli 7

Figure 4-8. HP-|B Interface Test Program {sheet 1 of 2},
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PERFORMANCE TESTS

122
123
124:
125
®776

dsp "TRLK off ?";zip
"DEVICE CLEAR CHECK CAUTOI*}E$;D}Esgsh “SLOWDSPY
clr ¥

"TENT " swel ¥, "TLH

red ¥,A%$;93b YDELSP®

if ASI2,29=¥2" and A$017,171-"D";dsp * #¥% PASS ¥¥%* ;waiil 300:gto 70
pri "DEVICE GLEAR®

pri “FBILs".A$:stp s;gle &1

"TRIGGER CHECK (AUTOR"E¢;gsb "SLOWDSP™
wrl ¥,"ABB3T3";1ilrg Y

red Y., A%

gasb "DELSP*

if A£[2,21="C" and A%[17.171="D"ydap " ®#% PASS E%%".wait 300;gte "L1°
prt “"TRIGGER CHECK®;prt "FAIL:",A%

“Livs

‘EEI CHECK (AUTD)"}Es;gsh "SLOKDSPY

al

wrtl ¥,"T1i"

if rdb(¥Y2¥13;)mp O

if Bit(Q,rd=(7,M,M,M>}P)=1;gab *EOIF1®
if E=135tp sgtoc 77

if rdb(¥Y3#100jmp €

if bitdd,rds(?7 ,M, M . M2>*3)=0¢rgsb “EOIF2"
if El:stp ;g9to 77

dsp * *£% PACS ®x%Y;wmit 300
5LZ2%:

*ERA LIME CHECK {(AUTOI*}ES$;gsb "SLOWDSP*
[: 323

clr ¥
gsh "GETBUS®
if bit(S,R)=~1;gsb "SROGF1"
if E=1:sip :gte 88
wrt Y,"illegal code"
gsb "GETEBUS*
if hil{S,R)-ﬂ;gsh "ERQF2"
if E=1;:;stp :;gtc 88
dsp " ¥EX PASS EEX",;wait 308
prt " ..., PASS..... “:apo
d:p éx 4191A HP-1B TEST COMPLETED %*,beep;sip
-
?EUIFI“=prt "FAIL:EGT LOW FOR ICR1";1)}E:zret
"EQIFZ2":prt *FAILZ:ERA] HIGH FOR [LF}*;1}E;remt
"EQIF3":prt "FAIL:EDI LINE LOWY;1}Ezret
"SRAF1"rprt YFAIL:SRG LINE LOW"31}Esret
YERQAF ¥ prt YFALILISRO LINE HIGH";1}Eret
"SLOWDSP": " "}08;lenCES$) Hid; for W=1 to len(ES2;ESEM WIIDSIW,ul);dsp DS
woit 30ipext Wiyweit G00zrel
PGETBUS Y «rds (7,P,Q,R}!S
band (R, WIFU;16r (R, VI}IV;ireat
"DELSPY,
if ASIL,1T-* “;7or Url to 32;A$IU+1,U+11¥A%[U,U);next Usimp ©
rei
TTRNGY .
eor U,V
XX KK ¥ N X X"IiD$01,157
for 1=0 to 7
15-2211K
if BitCl,Ud=1s9t0 101
ORPMDEIK,K]

if Bit{I,R);"1"1DS$EK,K]
next i

pri D$LL.15T;r=t

"#10" :end

Figure 4-8. HP-IB Interface Test Program [sheet 2 of 2}.
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PERFORMANCE TESTS

Section IV
Table 4-8

Table 4-8. HP-IB Interface Test Procedure.

Controller instruction (display)

Required operation

4191A HP-IB CHECK PROGRAM

(See note)

DIO LINE CHECK

SET MEAS, [Z]. DEG, INT

Set the 4191 A controls as follows:

DISPLAY A ........ |Z

DISPLAY B ........ L8 {deg)

Trigger -, .. ... ... .. INT
Press.

SET ADDRESS SW TO TALK ONLY

Set HP-IB address switch on the 41914
rear panel to TALK ONLY mode.

TRGGEE

TAES (Set this switch to up position)

Verify that the TALK lamp on the front

panel is lit. Press _ .

FHE PAGS ¥

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 .

LISTENER CHECK

LISTEN, REMOTE, C, D, INT on?

Verify that the following indicator lamps
on the 4191 A front panel are it

1} LISTEN

2} REMOTE

3} DISPLAY A parameter *“C”

4) DISPLAY B parameter *'D”

5) INT TRIGGER

Note: SRO lamp may light,

Press. If any of these lamps are

not lit, troubleshoot the instrument,

TALKER CHECK

10

TALK on & REMOTE off?

Verify that the REMOTE lamp is extin-
guished and that the TALK lamp is lit.

Press, If otherwise, troubleshoot

the instrument.

11

IFC LINE CHECK

4-23



Section IV Model 41914
Table 4-8
PERFORMANCE TESTS
Table 4-8. HP-IB Interface Test Procedure {continued)
Step Controller instruction (display) Required operation
12 TALK off? Verify that the TALK lamp is extinguished.
Presg . If otherwise, troubleshoot
the instrument.
13 DEVICE CLEAR CHECK {(AUTO) Note: The remaining tests are performed
14 Fxs PAGS HEE auwtomatically, No mahual opera-
tion s reguired for the subsequent
15 TRIGGER CHECK (AUTO) fests,
16 BEE PACY HEE
17 EOI CHECK (AUTO)
19 SRQ LINE CHECK (AUTQO)
20 x4 PASE #4E
21 “4191 A HP-TB TEST COMPLETED* Note: The 0823 A will simultaneousty print
aut the message:
IO HPEB L PASS".

4-24
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PERFORMANCE TEST RECORD

Hewlett-Packard Tested by
Mode] 4191A Date
RF Impedance Analyzer
Serial No.
Paragraph Test o Results .
Numbear Minimum Actual Maximum
4-10 MEASUREMENT SIGNAL
FREQUENCY ACCURACY TEST
Frequency setting:
1.0MHz 0.99998 MHz 1.00002MHz
32.1MHz 32.09992MHz 32.10008 MH=
33.0MHz 329999 MHz 33.00009MHz
62.5MHz 62 40983 MHz 62.50017MHz
62.6MHz 62.39983MHz 62.60017MHz
i25.0MHz 124.99964 MHz 125.00036MHz
125.1MHz 125.09964MHz 125.10036MHz
250.0MHz 24999926 MHz 25000074 MHz=
250.1MHz 250.09926MHz 250.10074MHz
264,0MHz 263.99922MHz 264 00078 MH:z
264.1MHz 263.09922MHz 264 10078 MHz
278,0MHz 277 99018MH2 278.00082MHz
278.1MHz 278.09918MHz 278.10082MHz
204 OMHz 293.09913Mz 294 0C087MHz
294.1MH: 294.09913MHz 204.10087MHz
315.0MHz 314.99907MHz | 315.00093MHz
315.1MHz 315.09907MHz 315.10093MHz
340.0MHz 339.99890MHz 340.00101 MHz
340.1MHz 340.09899MHz 340.10101 MH:z
372.0MHz 371.99890MHz 372.00110MHz
372.1MHz 372.09890MHz 372.10110MHz
405.0MHz 404.998R80MHz 405.00120MHz
405, 1MHz 405 09880MHz 405.10120MHz
450.0MHz 449 99866 MHz 450,001 34 MHz
450, 1 MH=» 450.098¢6MHz | ——— 450.10134MHz
500.0MHz 499 99851 MHz | __ 500.00149MHz
500.2MHz 500.19851 MHz 500.20149MHz
528.0MHz 527.99843MHz | 528.00157MHz
S2R.2MHz 528.19843MHz 328.20157MHz
556,0MHz 555.99835MHz 556.00165MHz
556.2MHz $56.19835MHz | .~ 556,20165MHz
588.0MH= 587.99825MHz | — i 58B00175MHz

588.2MHz

588.19825MHz~

588.20175MHz




Paragrarh
Number

Test

Minimum

Results
Actual

Maximum

630.0MHz
630.2MHz
080.0MHz
680.2MHz
744 OMHz
744.2 MHz
810.0MHz
810.2MHz
900.0 MHz
900.2MHz
10004 MHz

Frequency setiing

for Option 002
10,011 1MHz
100.0111MHz>
251.0000MHz
2700111 MHz
300.0999MHz
330.0333MH:z
360.0666 MHz
400.0777MHz
440.0123MH=
500.0000MHz
800.0222MHz

629 9981 2MHz
630,19812MHz
679.99797MHz
680.19797MHz
743.99788 MHz
744.19788 MHz
806.99758 MHz
810.19758 MHz
895.99731 MHz
900.19731 MHz
999.99701 MHz

10.01 108 MHz
102.01081 MHz
250.99926 MHz
270.01030MHz
300.4990i MHz
330.03232MHz
360.06553MHz
400.07651 MHz
440.01099MHz
49999851 MHz
800.01981 MHz

630.00188 MHz
630.20188MHz
680.00203 MH:z
680.20203 MH=
744.00222MHz
744.20222MH2
810.00242MHz
810.20242MHz
$00.00269MH:?
900.20269MHz
1000.00299MHz

10.61112MHz
100.01139MHz
251.00074 MHz
270.01190MHz
300.10079MHz
330.03428MHz
360.66767MHz
400.07889MHz
440.01361 MHz
500.00149MHz
800.02459MHz




Paragraph
Number

Test

Minitmum

Resulis
Actual

Maximum

4-12

MEASUREMENT SIGNAL
LEVEL TEST
Frequency setting:

1.0MHz

S0.0MHz

100.0MHz

150.0MHz

200.0MHz

250.0MHz

300.0MHz

350.0MHz

400.0MH2

450.0MHz

S00.0MHz

350.0MHz

600.0MHz

650.0MHz

700.0MHz

750.0MHz

800.0MH2

850.0MHz

900.0MH=z

950.0MHz

1000.0MHz

—17.0dBm

—23.0dBm

MEASUREMENT SIGNAL
PURITY TEST
Maximum harmonic level
(below fundamental) and
test frequency
Maximum spurious signal
level (below fundamental)
and test frequency

dB
MIiz
dB
MHz

4-16

AUTO CALIBRATION TEST
Test result (Pass/Fail)
012
0s
5082

4-18

ERROR CORRECTION
FUNCTION TEST
Test result (Pass/Fail)




Paragraph

Results

Number Test Minimum Actual Maximum
4-20 ACCURACY TEST
Test result (Pass/Fail)
Note: T make a complete record
of the test results, use the
test program cartridge 1ype
that is part of the 163424
Calibration Equipment Kit
and keep the plotted charl.
4-22 DC BTAS VOLTAGE
ACCURACY TEST
Voltage setting
.01V 0.00V 0.02V
0.03v 0.02V .04V
0.07vV 0.06V 0.08V
0.15V 0.14v 0.16V
0.3tV 0.30v 0.32v
.63V 0.62V 0.64V
1.27v 1.26V 2BV
255V 2.538V 2.562V
AV 3.095V 5,125V
i0.23v 10.21V 10.25Y
2047V 2044V 20,50V
4000V 39.95V 4005V
-0tV 0.00V ~0.02V
—0.03V —-0.02V -0.04V
—0.07V —0.06V ~(.08V
-0 15V —0.14¥ —0.16V
—D31V —0.30V -0.32V
.63V —0.62V ~0.64V
-1.27V —1.26Y¥ —1.28Y
--2.55V 2,538V - | 2502V
=511V —5.095V —5.125V
—10.23V -10.21V —10.25V
-20.47V —20.44V -20.50¥
~40.00V —39.95Vv — — | —40.05V
4-24 BATTERY MEMORY

BACK-UP FUNCTION TEST
Test result (Pass/Fail)




Paragraph s Results .
Number Test Minimum Actual Maximum
4-26 ANALOG RECORDER
OUTPUT TEST
Control setting © | LL
DISPLAY A cutput —0.2mV 0.2mV
DISPLAY B output —02mV 0.2mV
FRE(}/BIAS output —0.2mYV 0.2mV
Control setting : UR t
DISPEAY A output 993mV 1007mVY
DISPLAY B output 993im¥ 1007mV
FREQ/BIAS output 993mV 1007 mV
Control setting :
DISPLAY A: 100 counts
DISPLAY B: 100 counts
LSPOT FREQ: 99.9MHz
DISPLAY A output 98mVY 102mVv
DISPLAY B output FEmV 102mV
FREQ/BTAS output 98mv 102mV
Control setting:
I:DISPLAY A -100 counts
DISPLAY B: —100 counts
DISPLAY A output ~98mVY -1 00mWV
DISPLAY B output —98mV —100mV
4-28 HP-IB INTERFACE TEST

Test result {Pass/Fail)







Modal 4151A

Section V
Paragraphs 5-1 to 5-14

SECTION V
ADJUSTMENT

5-1.  INTRODUCTION

3-2. 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 adjusi-
ments and chacks can also be performed along with
periodic maintenance to keep the instrument in optimum
aperating condition. The recommended adjustment cycle
for the 4191 A is twice a year. AH 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 VT

Note: To ensure proper results gnd instrument operd-
tion, Hewlert-Packard suggests a 40 minute warm-
up and stabilization period before performing any

of the adfustmenis 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 bhe
followed to ensure operator safety and to keep the in-
sirument in a safe and serviceable condition. Adjust-
ments described in this section should be performed by
gquakified service personnel anly.

WARNING

ANY INTERRUPTION OF THE PROTECTIVE
(GROUNDED} CONDUCTOR (INSIDE OR OUT-
SIDE THE INSTRUMENT) OR DISCONNECTION
OF THE PROTECTIVE EARTH TERMINAL IS
LIXELY 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 HREQUIRED

3-8, All the equipment required to perform the adjust-
ments described in this section are lsted 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
well as those of the required characteristics. [f the recom-
mended modelf 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 (*) adjacent to the reference designator on the
schematic diagrams in Section VI {only nominal values
arg given), Table 5-2 lists the reference designators of all
factory selected components. Also listed in Table 5-2 are
the nominal value range of each component and a brief
description of how each component affects instrument
performance.

Adjustable components, with reference designators, are
lisied 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 35-17, 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 lists the necessary adjustmeni pro-
cedures to follow after the jnstrument has been repaired.

513. 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 precedures. The loca-
tions of factory selected components, connectors, and
other components related to the adjustments are shown
in the individual board assembly-component illustrations
(Told out service sheets) in Section VIIL

31



Section ¥V
Table 5-1

5-2

Tahbie 5-1,

Model 41914

Adjustable Components {sheet 1 of 2},

Reference Designator

Name of Control

Adjustment Purpose

(P:r;%]-i’} FREQ ADJ To properly set the oscillator frequency variable range.
AlR16 BIAS ADI To set the oscillator amplification gain to ensure stable oscil-
{Para 5-19) lation over the entire frequency control range.
AdR1
g% Tao set the tuning control voltages for the voltage tunable
R4 filter on the A6 board
{Para 5-23)
([’,211_22_12%) BIAS To set the reverse bias voltage for the sampler diodes.
To properly set the compensation magnitude for variations
AI0OR19
FB in sampling efficiency and to equalize the sampler output
{Para 5-29) .
level at all test frequencies.
(;;11_; 15{12%) BIAS To set the reverse bias voltage for the sampler diodes.
To property set the compensation magnitude for variations
A1lRI9 FB in sampling efficiency and to equalize the sampler output
(Para 5-29) level at all test frequencies.
(PI::-LQSI? ; 1 SH RANGE ADJ To set the sampling frequency search control range.
AlZR2 CENT AD] Te set the center frequency of the sampling frequency
(Para 5-31} search control range.
(P:;-;B;;;S) FREQ ADJ To properly set the sampling frequency variable range.
Al6R1 To adjust the amplitude of the ALC test signal to the ap-
(Para 5-25) propriate level,
(Pt:fg_l?’%) To adjust the detection phase of the phase detector.
Al17R6 To eliminate residual de offset voltage from the phase
(Para 5-35% detector circuit.
Al18C3 To adjust the clock frequency to exactly 100MHz and to
€36 100MHz2 ADJ L2 ¢ ional £
(Para 5213 maximize accuracy of the test signal frequency.
(szalg-g%) To set the microprocessor clock generator frequency.
(Pi-233§f7) To set £12V power supply voltage.
(g%:{:jl?) To set +5V (3A) power supply voltage.
(;;%:l;jz.?) To set +5V (2A) power supply voltage.
AZ5R1 To property set the operating temperature of the directional
(Para 543} bridge circuit.




Model 41914 Section V
Tabies 3-1 and 3-2

Table 5-1. Adjustable Components {sheet 2 of 2},

Reference Designator Name of Control Adjustment Purpose
A30C1 - To praperly set the oscillator frequency variable range.
(Para 5-45) FREQ ADI (Opt. 002 only)
A33C18 To properly set the oscillator frequency variable range.
(Para 5-47) FREQ ADJ (Opt. 002 only)
A33RI16 BIAS ADF To set the oscillator amplification gain to ensure stable
(Para 5-47) oscillation over the entire freguency control range.
{Opt. 002 only}
A40R1 -0
R3 +0 To set the zero bias voltage to exactly zero volfs.
(Para 5-41)
A40R?2 -FS To set the maximum negative bias output voltage tc exactly
(Para 5-41) -40% 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.
A41R1 +A0
R2 -A0
R4 +B0 To eliminate any residual dc offset voltages from the analog
RS - B0 recorder output amplifiers. (Opt. 004 only)
R7 CQO
(Para 5-49)
A41R3 A F S
R6 B.F. 8 To adjust analog cutput voltage at full scale display counts
RE& C.F. S8 to maximize cutput voltage accuracy. (Opt. 004 only)
{Para 5-49)
Table 5-2, Factory Selected Components.
Component Nominal Value Range PAffect on
erformance

At the time this manual was printed,
there were no factory seiected compo-
nents. Refer to Manual Changes shest
supplement for a list of the factory
selected components that may have
been added after publication.
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Section V
Paragraphs 3-15 and 3-16

5-16. 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
shonld be performed before proceeding with any of
the adjustments.

After the recommended 40 minute warm-up period,
the insttument should pass the SELF TEST (no error
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 VII.

[TORF/BOTTOM COVER REMOVALLI

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.

¢. 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.

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. [t is secured
by a retaining screw, located at the center of the case,
and by two fasteners, located at the front comers.

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 shielded cases,
will be wvisible. Test points and adjustable compo-
nents are accessible through the holes in the shield
plates,

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 A2l board inside the case,

d. Remove the A2l board access-cover, located on
the underside of the top shield case, by loosening
the four retaining screws.



Model 4191A

Table 5-3. Adjustment Requirements.

Section ¥
Table 5-3
Assembly repaired Required
or replaced adjustment(s)
A3l Q4191-6G6531 None.
A32 04191-66532
A33 04191-66533 Para. 5-47.
(VTO:
250 --500MHz) _
A4d 04191-66540 Para. 5-41.
(DC Bias Supply)
Adl 04191-6654] Para. 5-49.
{ Analog Recorder
Output)

Asgsembly repaired Required

or replaced adjustment(s)

Al 04191-66501 Para. 5-19.
{(VTO)}

A2 04191-86502 None

A3 04191-66503

A4 04191-06504 Para. 5-23
{Programmable
Switch Control
Driver)

AS  04191-66505 None.

A6 04191-66506

A7 04191-66507

A9 04191-66509

AlD 04191-66510 Para, 3-27, 5-29.

All 04191.66510

A12 04191-66512 Para. 5-31.
(PLL Sampling
Controller)

Al3 04191-66513 Para. 5-33.
{PLL Sampling
Frequency VTQO)

Al5S 04191-66515 None

Alée 04191-66516 Para. 5-25.
{IF Ampl./Process
Amplifier)

Al7 0Q4191-66517 Para. 5-35, 5-37.
(Phase Detector/
A-D Converter)

Al8 (4191-66518 Para. 5-21.
{100MHz Clock
Generator/Doubler)

A2T 04191-6h6520 Para. 5-39.
(Microprocessor
Digital Control)

A22 04191-66522 None

A23 04191-66523 Para. 5-17.
(Power Supply)

A2 04191-66525 Para. 5-43.
(Heater Controller)

A30 04191-66530 Para. 5-45.
(VTO:

100-110MHz)

5-5



Section V Model 4191A
Paragraphs 3-17 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 levels.

Note: Before proceeding with the dc power supply voltage adiusiment, first measure the voltage levels of TP1 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 adiustment. These test points are accessible from the fop of the instrument after the
top shield case has been raised. They are located on the right side of the mother board, about 4 em from the in-
strument frame,

TP Lower Limit Upper Limit
1 5V 335V
2 Y 12.2V
3 -11.9V -12.25¥
4 45V 48V
5 -45V -48Y
) 0V 40V
7 -30V =40V
EQUIPMENT:
Digital Voltmater (DMM) .. ... ..o i i s HP 3455A
Voltmeter input cable . ... ... . ... . . Dual banana to dual alligator clip cable.
PROCEDURE:

1. Remove the four screws that secure the d¢ 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 beoard is mounted on the reverse side of the plate.



Model 4191 A Section V

Paragraph 5-18
ADJUSTMENTS

[

1.

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) en the A23 board and the negative input to the
instrument chassis.

Set the voltmeter to & range appropriate for measuring +12V.
Adjust potentiometer A23R& until the display on the voltmeter is between [1.4V 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 Supply Voltage Adjustmendts,

Test Point Potentiometer Voltage Limits

A23 TP8 A23 RR 11.4 to 12.2V
TP3 R42 49 to 525V
TP5 R41 49 to 5.25V

Return the cable clamp and dc power supply assembly to their original positions.

5-7



Section V Model 4191A
Paragraphs 5-1% and 5-20

ADJUSTMENTS

5-19. TEST FREQUENCY SYNTHESIZER VTO ADJUSTMENT

5-20. This adjustment sets the controllable frequency range of the A1VTO to ensure generation of test frequancy

signals free of signal dead zone and parasitic oscillation at all test frequency settings.
41914

e[ 3
ToxaltaLy | | i Bl T alPi

GNo | i®

DC Power Supply

;

1

FREQ. COUNTER

500.00200 SR
\_Lo [s]e o o — g
7 sSof
input
Figure 5-1, Test Fraquency Synthesizer VTO Adjustment Setup.
EQUIPMENT:
Frequency Counter ....... ... ... . .. .. i HP 5340A
Spectrum Anal¥zZer . ... . . e e HP141T/8554B/85528
Connection Cable ... .. . . o e N type connector cable
Terminal Converter:
Ntype femalete SMCfemale ... ... ... . .. ... .. ..... . ~hp- 12501153
DC Power Supply .o v e e e HP 62248
Power Supply QutputCable . ..... ... . .. ... . .. ... .... Dial banana to dual alligator clip cable
PROCEDURE;

1. Stand the 4191 A on its right side.

2. Set switch 32 on the A2 hoard as shown below:
L

Slm
- B "

OFF e B

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 () volts before performing step 5.
5-8



Model 41914 Section V

Paragraph 5-20

ADJUSTMENTS

1.

11.

12,

13.

14,

16.

17

Connect the dual banana to alligator clip cable between XAl pin 9L (board connector) of the 4191A and the
positive output of the de power supply, as shown in Figure 5-1.

Disconnect the SMC connector from A1PL

Connect the frequency counfer input to AIPL

Set the 41921A SPOT frequency to 300.0MHz.

Set the dc power supply output voltage to +20V0L1V.

Adjust trimmer capacitor A1C18 until the display on the frequency counter reads 302.0MHz £0.1 MHz.

Disconnect the SMC connector from A1P2. Connect the spectrum analyzer input to A1P2. Set the controls of

the spectrum analyzer as [oliows:

Input attenuation ...................... 10dB
Scan Width ... .. ... . o 100MHz/div
Center Frequeney ... ... ... ... ... ... . 500MHz
Bandwidth . ... ... ... .. .. ... .. ... 300kxHz

Vary the do power supply output voltage from 0V 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 untit they have been eliminated.

Re-perform step 12 at each SPOT frequency listed in Table 5-3.

Table 5-5. VTO Spurious Signal Test

SPOT freq. VTO frequency variable range Frequency Band
setting Minimum Maximum
S00MHz < 440MH? . = 502MHz 500 ~ 450MHz
450 _ <400 =452 450 ~ 405
400 < 365 =407 405 ~ 372
350 <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 >264.35 264 ~ 150

Drisconnect the frequency counter, spectrum analyzer and de power supply from the 4191 A.
Raconnect the SMC connectors to AIP1 and A1P2.

Replace the A3 board to its normai position and reconnect the SMC connector.

Reset switch A?182 to its normal position.

59



Section V Model 4191A
Paragraphs 5-21 and 5-22

ADJUSTMENTS

5-21.

5-22.

TEST SIGNAL FREQUENCY ADJUSTMENT

This adjustment sets the frequency of the clock frequency generator on the A18 board to a precise 100MHz to

maximize test signal frequency accuracy.

FREGQ. COUNTER

10dB ATT-— ,
- ' Igo.oooon o tzzz:
0] , - EEE AT o o 0 o
S p——
00
¥ input
Figure 5-2.  Test Signal Frequency Adjustment Setup.
EQUIPMENT:
Frequency Counter . ..... ... . ... .. ... . i, HP 5340A
FGdB Attenuvator . .. ... ... . HP 8491A
Connection Cable . ... ... ... o0 N-type connector cable
Terminal Converter ............ . . . .. . . .. . e ... N-type female to APC-7, HP [ 1524 A
PROCEDURE:

1.

2.

10.

5-10

Set the 4]191A SPOT frequency to 100.0MHz.
Disconnect the SMC connector cable from A13P1 (E-12 will appear on the 4191A display).

Connect the 10dB attenuator and connection cable between the frequency counter input and the 4191A UN-
EKNOWN connector as shown in Figure 5-2.

Remove the AL8 beard and re-install with an extender board.

Set the frequency counter to a frequency range appropriate for measuring 100MHz (10Hz resclution).

Set trimmer capacitor AI8C3 to its mechanical center position.

Adjust trimmer capacitor AI8C36 until the display on the frequency counter is 100.00000MHz 20 counts.
Remaove the extender board and return the A18 board to its normal position.

Adjust trimmer capacitor AI8C3 until the display on the frequency counter is 100.00000MHz +1 count.
Note: Confirmation check procedure should be performed after this adfusiment.

Reconnect the SMC connector cable to A13P| (E-12 will disappear from the 4191A display).



Model 4191 A

ADJUSTMENTS

Section ¥V
Table 56

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. Frequency Accuracy Checls.,

Test freq. Test limits Test freq. Test limits
1.0MHz + 11Hz 405.0MHz * 415Hz
320 + 42Hz 405.1 * 415Hz
32.1 * 42Hz 450.0 + 460Hz
33.0 + 43Hz 450.1 + 460Hz
62.5 * 72Hz 500.0 + 510Hz
62.6 + 72H:z 500.2 + 510Hz
125.0 *135Hz 528.0 + 538Hz
125.1 +]35Hz 528.2 * 538H:z
250.0 +260Hz 556.0 + 566Hz
250.1 +260Hz 556.2 t 566H2
264.0 +274 Hr 588.0 + 598H:z
264.1 +274Hz 588.2 * 308Hz
278.0 288 Hz 630.0 t 640Hz
2781 +288Hz 630.2 * 640Hz |
204.0 +304 Hz 680.0 t 690Hz
294.1 304 Hz 680.2 t 690Hz
315.0 +325Hz 744.0 t 754Hz
315.1 +375Hz 744.2 t 754Hz
340.0 +350Hz 810.0 * §20Hz
340.1 +350Hz 810.2 + 820Hz
372.0 +382Hz 900.0 * 910Hz
3721 +382Hz 000.2 t 910Hz
1000.0 t1010Hz |

5-11



Section V Muodel 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 tunable filter (on the A6 board) to
establish the appropriate frequency pass bands.

Ad bouard
To A4TP3
L Tp3
— GND
DMM @] R4
- 2] R3
| I pgagtog R2
oOooogo E}% o % R
oRuoonnof dooog oo TP
Frant
Figure 5-3. Voltage Tunabla Filter Tuning Voltage Adjustment Samup.
EQUIPMENT:
Digital Voltmeter .. .. ... . .. HP 34554
Voltmeter input 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.

ro

Set the 4191A SPOT frequency to S20MHz.
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 R 1 until the

voltmeter readouts are within the voltage limits given in the table.

Table 5-7. Tuning Voltage Adjustments,

Frequency setting Potentiometer Voltage limits
520MHz Ad R4 3200V
730MHz R3 -86101V
S00MH=z R2 0801V
P00MHz R1 ~114+01V

5-12



Model 4191A Section V

Paragraphs 5-25 and 5-26

ADJUSTMENTS

525, TEST SIGNAL LEVEL ADJUSTMENT
5-26.  This adjustment sets the fest frequency signal level to meet specified value range.
Al boarg
n
— TFI1!
POWER METER = TPI0
— TP9
i— — GND
= TPT
oo oo | o
o 'CIIO — GND
= . L TP
@] /1
. . . == TP4
Figure 5-4. Test Signal Level Adjustment Setup. — TP3
— TP2
L— TP |
EQUIPMENT: *
Power Meter ... . e HP 436A From
Power Sensar . ... ... e e HP 8482A
PROCEDURE:
1. Set switch S2 on the A2l board as shown below: 52
sz
| B [
=
LI
- 3
_ e L
2. Disconnect the SMC connector cable from A1SP2 | =
=] z
3. Set the 4191A SPOT frequency to 100.0MHz v
4. Connect the power sensor between the 4191A UNKNOWN connecctor and RF power meter input as shown in

Figure 3-4.

Adjust potentiometer A16R1 for a -20.504dB £0.05dBm reading on the power meler,
Nate: Confirmation check procedure should be performed after this adjustment.
Recannect the SMC connector cable to AT5P2.

Reset switch A2152 to its normal position.

Confirmation Check

Set 4191 A test signal frequency at various settings [rom 1MHz to 1000MHz in SMHz steps. Power meter
display should be -20dBm +2dBm at all the test frequency settings. If the unit under adjustment fatls this
confirmation check, re-perform the Voltage Tunable Filter Tuning Voltage Adjustment (Para. 5-23) using a
tolerance of £1V (instead of +0.1 V),

5-13



Section V Model 4191 A
Paragraphs 5-27 and 5-28

ADJUSTMENTS

5-27.

5-28.

SAMPLING DIODE BIAS VOLTAGE ADJUSTMENT

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.

," \1_.— Sampling pulse

EQUIPMENT:

Sompler 1C Iy with no bias
| H DAy
]
Lw] i 27
o] \
® uvi1 |® ov —-H—ARA NI
- ios woltage
5 o AN q
BIStI: U To AIOUI + pin .lr Bias voltoge snifts this
transient wave 1o o kevel belaw GV,
To chassis o 41914
oMM
f
s | EEEEEEE J
jo 3]
pgoooao Sda
rORIOQQO oo oo
Figure 56,  Sampler Diode Bias Voltage Adjustment Setup.
Dhigital Voltmeter (DPMM) .. ... .. .. HP 34554

Voltmeter input cable ... .. o o Dual banana to dual altigator clip cable

PROCEDURE:

i
2.

5-14

Disconnect the SMC connector cables from A10P1 and P2.
Remove the A10 board from its shield box and re-install with an extender board.

Connect the de voltmeter (DMM) input cable to fest point “+” on the A10 beard and instrument chassis us

shown in Figure 5-5.
Adjust potentiometer A10R 18 (labeled bias) until the voltmeter display reads 1.2V 0.0l V.

Nate: Verify that de voltage at “="" test point on the A10 board is ~1.2V +0.01 V. If this check fails, readfust
AIORIES.

Connect the dc voltmeter {(DMM) input cable to Al] board test paint *+7 and instrument chassis, and adjust
potentiometer A11R18 using the procedure described in steps 1 through 4.

Re-install the A1Q and A1l boards to their normal positions.

Reconnect the SMC connector cables to their normal positions.



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) oceurs when
the measurement freguency shifts between 11.1MHz and 11.2MHz, this adjustment is performed using these specific
measurement frequeacy 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 . ... o e 11.1 MHz
STEP FREQ ... ... .. e .1 MHz
DISPLAY A/B function ............... Px —TI'y

4. Make a note of the readouts on DISPLAY A and DISFLAY B.
5. Press the SWEEP FREQ/BIAS STEP @ key to set the test frequency to 11.2MHz.

6. Adjust potentiometer A11R19 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[EI key to reset the test frequency to 11.1MHz Repeat A11RIS ad-
justment (steps 3, 4, 5 and &) until the difference in display readouts is less than +1{ counts.

8 If adjustment of A11R19 can not satisfy the test limits, adjust potentiometer A10R19 using the same pro-
cedure as that for A11RI19 adjustment (steps 3, 4, 5, 6 and 7). Potentiomeier AIOR19 is accessible through
the adjustment hole (Jabeled FB) on the instrument motherboard,

Note: If the difference in display readouts can not be decreased to less than £50 counis, troubleshoot A 10
and A1l bogrds. If it does not exceed 250 counts, praceed to the next adjustment procedure.



Section V Maodel 41914
Paragraphs 5-31 and 3-32

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 estabtish a sampl-
ing frequency control span sufficient for converting any measurement frequency signal to a 100kHz IF signal in the

Sampler.
Te A412TP5S
Oscillascope
Figure 5-6. Sampling Frequency Search Control Adjustment Setup.

EQUIPMENT:

OscilloseoPe . e e HP 1740A

Oscilloscope probe .. . L. HP 100061 (10M 82, 10:1)
PROCEDURE:

1. Disconnect the SMC connector (P1) from the A13 board top plate.
2. Connect oscilloscope input probe (10:1) to test point A12TPS.

3. Set the oscilloscope controls as follows:
Vertical sentitivity .. .. ... ... .. ... ... SV div
Sweeptime ....... ... .. ... ..., 10 ms/div

4. Adjust potentiometers A12R1 (SH RANGE ADH and R2 (CENT ADI) so that the amplitude of the sawtooth

waveform on the CRT is greater than 20V p-p. See wavelorm illustration below:

0.2 X 0.2v

20~30ms

5. Reconnect the SMC connector to A13P],

5-16



Model 4191A Section V

Paragraphs 5-33 and 5-34

ADJUSTMENTS

5-33. SAMPLING FREQUENCY VTO ADJUSTMENT

5-34. 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).

OC Powser Supply —

E 4191 A

To XAI13(IL)

Ta AIZP)

T GND

FREQ. COUNTER

(1. appaen &= so--:o
° RO o6 5 —
\__"_' 5040
input
Figure 5-7. Sampling Frequency YTO Adjustment Setup.
EQUIPMENT:
Frequeney Counter ............ ... .o . HP 53404
ConnectionCable .. ... .. .. ... ... ... N type connector cable
Terminal Converter:
N type female to SMC female .. ... .. ... ... ... .i'. ... -hp- 1250 -1153
DC Power Supply .. HP 6224B
Power Supply Output Cable .......... ... ... .. .. ....... Dual banana to dual alligator clip cable
PROCEDURE:
1. Set 4191A test signal frequency to 11.0 MHz.
2. Remove the A12 hoard.
3. Stand the 4191A on its right side.
4. Remeove the bottom cover from the instrument,
5. Connect the dual banana to alligator clip cabie between 4191A XA 13 pin 1L (board connector) and de power
supply output as shown in Figure 5-7.
Caution:  Set dc power supply outpat voltage to zero before connecting output cable.
6. Disconnect the SMC cennector cable from A13PI.



Section ¥ Model 4191 A
Paragraphe 5-35 and 5-36

ADJUSTMENTS

7. Connect the frequency counter input cable to A13P1.
8. Set the dc power supply output voltage to -18.9V 2.1V (voltage at XA 13 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-metgllic tool for this adjustinen!,
10. Disconnect the power supply output cable and the frequency counter input cable.
11. Re-instali the A12 boatrd to its normal position.
12. Reconnect the 8MC connector cable to A13P1,

535. A-D CONVERTER OFFSET ADJUSTMENT

5-36. This adjustment eliminates any residual dc offset voltage from the phase detector output to minimize its affect

on the accuracy.

Note: The residual de offset voltage does not significanily affect the accuracy becuuse of the automatic offset com-
pensation period achieved at initiation of the measurement sequence. This adjustment further increases the
accuracy of the offset compensation,

AIT board
AZ| board TIP3 }\‘\‘ From AZ2I1TPIS
@ ciz
Oscilloscope
RE
TP3

EQUIPMENT: Figure 5-8. A-D Converter Offset Adjustment Satup. ;:20
Oscilloscope .. ... .. .. HP 17404 *
Oscilloscope probe .. ... ... L . HP 10006D (10ML2, 10:1) Front

PROCEDURE:

1. Connect oscilloscope input probe to A17TP3. Triggzer the oscilloscope externally from A21TPI& {labeled
REKEY).
2. Observe integrator output waveform for phase | period (see illustration below).

5-18
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Phase | Offset Contro! Cycle Period



Model 4191A Section V
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.

Note: The small charge waveform @ (see Hlustration) shown for the integrator outpuf 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 damain.

\ Qptimum wavatorm

—

5-37. PHASE DETECTOR REFERENCE PHASE ADJUSTMENT

5-38. 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:

082

S0 HP 16342A Calibration Equipment Kit

PROCEDURE:
1. Perform auto-calibration using the 082, 08, and 508 reference terminations.
Note: Use the terminations provided in the Calibration Equipment Kit {kit number: Model 163424).
2. Release the CALIBRATION function (by re-pressing the CALIBRATION key),

3. Connecct 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 fo the same 3082 termination supplied in the kit.

4. Set 4191 A controls as follows:

DISPLAY A function ...............cc.... I T
DISPLAY B function .... . ... .......... # (deg)
SPOT FREQ ........ oot 10.0MHz
DCBIASswitch ..., ... ... .. ... ... OFF

5. 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-
ftor and troubleshaat the instrument. 5.19
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Paragraphs 5-39 and 5-40

ADJUSTMENTS

5-3%. 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, auto calibration, efc.) to their nominal values.

EQUIPMENT:

Frequency Counter . ..... . ... ... .. ..o HP 5340A

Connection Cable .. ... ... . . . . i BNC to dual alligator clip cable
PROCEDURE:

1. Connect frequency counter input cable to A21TP25 and TP7 (GND). Use BNC ta dual alligator clip cable. The
A21 board is inside the top shield case.

2. Adjust trimmer capacitor A21C58 until the frequency counter display reads 975 kHz + 20 kHz,

Note: Use q non-metgllic tool for this adjusiment.

A2 2

boagrd ° uvdés

i
00 =
§

TP23

@

uee
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Paragraphs 5-41 and 5-42

ADJUSTMENTS

5-41. DC BIAS VOLTAGE ADJUSTMENT

5-42, This adjustment eliminates any residual dc offset voltages from the A40 internal dc bias voltage supply circuit
and sefs the maximum bias output voltage o the specified value to optimize bias voltage accuracy.

240 board
To A4QTR3,TPZ
— TP7
— TP6
- TR5
— TP4
— TP3
DM M
R4
tonoooeo =
| gs=sas 8&@ olrs
pogAagan| aoaRoAd — TP!
RI
Front
Figure 5-9. DC Bias Voltage Adjustment Setup.
EQUIPMENT:
Digital Voltmeter (DMM) .. ... ... Lol HP 34554 )
Voltmeter input cable . ... ... . o Dual banana to dual alligator clip cable
PROCEDURE:;

1. Set the 4191A internal dc bias voltage to V.

2. Connect the dc voitmeter (DMM) input to A40TP3.

3. Adjust potentiometer A40R3 (ZERO ADJ) for a OV £1mV readout on the de voltmeter display.
4. Connect the dc voltmeter input to A40TP2,

5. Adjust potentiometer A40R1 (ZERQ ADJ) for a OV+1mV readout on the de voltmeter display.
&, Set the 4191A internal de bias voleage to 40V,

7. Adjust potentiometer A40R2 («FS ADI) for a-40Y £ imV readout on the de voltmeter display.
& Connect the dc voltmeter input to A40TP3.

9. Adjust potentiometer A40R4 (+FS ADJI) for a 40V £1mV readout on the dc voltmeter display.
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Paragraphs 5-43 and 5-44

ABDJUSTMENTS

5-43. RF DIRECTIONAL BRIDGE TEMPERATURE ADJUSTMENT

5-44. 'This adjustment sets the stabilization control temperature of the A25 Heater Controller which regulates the
operating temperature of the A RF Directional Bridge circuit assembly.

Note: This adiustment should be performed only when the A25 Heater Controller hoard has heen repaired or when
the posister heater or thermister temperature sensor has been replaced.

Te A25TP3
To AZSTP3

Probe

THERMOMETER L
% DM M \
= SR 1
f I:]\ B [: alaFal=NoRaRal
) gopooo op
o ©
[l i g Ooongon| REedE oD OO

Figure 5-10. RF Directional Bridge Yemperature Adjustment Setup,

EQUIPMENT:
Dipital Multimeter ... ... .. .. . HP 3455A
Testlead ... . e e Dual banana to dual alligator clip lead
Thermometer . ... ... e HP 2802A
Thermometer probe .. .. ... ... ... ... HP 18641 A

PROCEDURE:

Caution: Be sure to turn instrument off before proceeding with the adjustment setups. Disconnect pawer cable
plug from instrument socket.

1. Stand the 4191A on its right side.
2. Remove the bottom cover fram the UNKNOWN terminal deck.
3. 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

4. Hold the thermometer probe to the center of the directional bridge assembly (see illustration).

5-22
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Paragraph 5-44
ADJUSTMENTS

Directienal bridge ossembly,

4191 4

Mainframe [~ Probing point.

Note: Use thermal compound fo
improve thermal conductivity.
Thermometer gccuracy: +0.5°C

5. Make a note of the thermometer readout as I'm with . 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.

-_\____ DMM test leads
T

J2 plug thot connects to A2EJ2

7. Calculate the center value of the optimum setéing range of the temperature adjustment potentiometer A25R1
using the following equation:

Ra = Rm -exp -0044X (30—-Tm) x 1.237 {(£2)
8. Connect the DMM positive input lead to A25TP3 and the negative input lead to circuit cormnmon.
9. Adjust potentiometer A25R 1 for the calculated Ra value, £50Q2 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 Hght when the ambient temperature is greater than 28°C ( the Heater Con-
trofler stops functioning).

J2 e e BT

RI1 LED
3

::] v TP3
F P
| ~

@Ieaa @ lead TPS (circuit tcemmen)
To DMM
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Paragraphs 5-45 and 5-46

ADJUSTMENTS

5-45.

5-406.

OPT 002 TEST FREQUENCY SYNTHESIZER LOCAL VTO ADJUSTMENT

This adjustment sets the maximum oscillation frequency of the A30 Test Frequency Synthesizer YT so that

the VTO covers the required frequency controllable range.

Note: A board frequency range on the VTQ ensures coverage of the required frequency variahle range by properly
setting the maximum frequency.
To ASDTPI To A30 Pl
GND
oC Power Suppl
upPRly b 4191 4

FREG. COUNTER

| o o |l
R O 1 to.onona t==r=
[
U TN\ J oo O o — @
504
L {nput
Figure 5-11. Opt. 002 Test Frequency Synthesizer VTO Adjustment Setup.
EQUIPMENT:
Frequency COUNtEr .. .. .. .o HP 5340A
Connection Cable . .. . e N type connector cable
Terminal Converter:
N type female to SMC female .. ... .. ... ... oo “hp- 1250--1153
DC Power Supply . e HP 6224B
Power Supply output cable . ....... ... ... [Dual banana to dual alligator clip cable
PROCEDURE:

1.

2.

7.

Remove hoards A3 and A3 1.

Connect the dual banana to dual altigator 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.

Disconnect the SMC connector cable from A30P1.

Connect the frequency counter input cable to A30P1,

Set the de power supply cutput voltage to within 10.0 and 10.1V.

Caution: Do not apply 3 negative dc voltage.

Adjust trimmer capacitor A30C1 until the frequency counter display readout is within 111.5 and t12.0MHz.
Note: Use g non-metallic tool for this adiustment.

Reinstal! A3 and A31 boards in their normal positions.

8. Reconnect the SMC connector cable to A30P1,
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Paragraphs 5-47 to 350

ADJUSTMENTS

5-47. OPT 002 TEST FREQUENCY SYNTHESIZER FINAL VTO ADJUSTMENT

5-48, This adjustment sets the controllable frequency range of the A33 VTO to ensure generation of test frequency

signals 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
appticable to the A33 board, change portions of the adjustment procedure as follows:

17 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 A372 board.

3) At step 5, connect the alligator clip cable to XA33 pin 9L (instead of XAl pin GL).

5-49. OPT 04 ANALOG RECORDER OUTPUT 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.

&4 | board

To Ad4ITP2

Toe chassis

DM M
poaooQoa
m—l LAY
opaaon aooDoo0
— —T
Figure 5-12, Opt. 004 Anglog Recorder Qutput Adjustment Setup.
EQUIPMENT:
DC Voltmeter (DMM) © . ... e HFP 3455A
Voltmeterinput cable . .. .. ... . . ... . 0 i Pual banana to dual alligator ¢lip cable
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Paragraph 5-50

ADJUSTMENTS

PROCEDURE:

Press the key and . LL key on the 4192TA 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 ¢lip lead to A41TP1 and to the chassis (ground TP1}

Adjust potentiometer A41R2 {-A#) fora 0x0.5 mV¥ dc¢ readout on the DMM display.
Connect the DMM input posititve lead to A41TP4.

Disconnect the shost clip lead from TP1 and connect it to TP3 {(ground TP3).

Adjust potentiometer A41RS {-BA) fora 0+0.5 mV dc readout on the DMM display.
Remaove the short clip lead.

Connect the DMM input positive lead to TP5, TP1 and TP3. Adjust poientiometers R7, RI, and R4 until the
DMM display readout meets the test [imits given in Table 5-8.

Table 5-8. OQutput Offset Zevo Adjustments.

DMM input Adjustment L. Adjustment
. . . Test limits .
connection point pofentiometer condition

TP2 R2 (=AfR) 0+0.5mV Ground TP1
TP4 R5 (-B#) 0x0.5mV Ground TP3
TP5 R7 { C#H) 0£0.5mV —
TP1 Ri (+A8) 00.5mV —
TP3 ' R4 (+B) 0+ 0.5mV -

10. Press the kev and UR _} key.

11

5-26

Connect the DMM input positive lead in accordance with Table 3-9 and adjust potentiometers R6, R3 and RS
for the test limits given in the table.

Table 5-9. Full Scale Qutput Adjustments,

BMM input
connection point

Adjustment
potentiometer

Test limits

TP3 R6 (B. K. 8) 1000mV + 0. 5mV
TP! R3 (A.F. 5) 1000mV £ 0.5mV
TP5 R8 (C.F.8) 1000mV £0.5mV
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6-1.

6-2.

INTRODUCTION.,

SECTION VI

REPLACEABLE PARTS

This section contains information for ordering

parts. Table 6-1 lists abbreviations vsed 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.

6-4.

ABBREVIATIONS.

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 alt capital
letters, and one in partial capitals or no capitals. This
oceurs hecavse 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,

6-6.

4.

Section Vi
Paragraphs 6-1 to 6-6

REPLACEABLE PARTS LIST.

Table 6-3 is a list of replaceable parts and is
organized as follows:

Electrical assemblies and their components in
alphanumerical order by reference designation.
Chassissmounted parts in aiphanumerical order
by reference designation.

Miscellaneous parts.

HMlustrated parts breakdowns, if appropriate.

The information for each part includes:

The Hewlett-Packard part number.

The total quantity (Qty) in the instrument.
A description of the part.
A typical manufacturer of the part in a five-

digit code.

The manufacturer’s number for the part.

. ' _—
Table 6-1. List of Reference Designators and Abbreviations.
REFERENCE DESIGNATORS
A - aggembly E = mise clecirinic part F = plg L0 - lhlegrated cireud
B = EIGlaT F = fuse 43 -~ transhstor ¥ = vacuum, tuhe, neon
BT - battery Fl. = filter R = resistor bolk, photocell, etc.
[ = Capacitor I = tack RT = thermigtor VR = willage reguldar
cP = coupler 4 = relay 3 = gwllch W = cable
CR = dinde L = intnetor T = transfor mer b = SaCket
DI - delzy line M - meter TB ~ termilnal brard ¥ = cewsial
DS = device signalng (lamp) ME « mechanical prt TP = Lest paint
ABBOEVIATIONS
A = Amperes H = henries NPN = negative-pogitive- Ry v CeVEFER WOTKENE
A_F.C. = auwtumatic [requency conlrol HEX = hexaponal negRtive voltage
AMPL - amplifier HG = MEFCUTY HRFR = Bt recommended Tor
. HR. = hour{s} field repiacement

B.F.G. - beat frequency osclllidior Hz = herty NSR - nat separately 58 < slow-biew
BECY - berylium sopper replaceable 3CR = BLrew
BH = binder head 1F a intermediate frog. SE - selemium
Bp - bandpass [MPG = impregnated SECT - Eeetion(s)
IRF = Brass [NCD = 1ncandesoent GBD - arder by descpiptton SEMICON = semiconductic
BWO = backward wave vacillator [NCL = imlude_ts] OH = oval head b - gihean
COW = eounter -clonkowise g,sr - ;:f:::;‘:"”“ﬁ} ox = omde HL = silver
CER = Ceramic a L = glide
CMO = cabinet mount only K = WiEG » 1000 B - peak 5PG = apring
COEF - coefficient LH - left hang e - printed eirguit SPL = special
COond = common LN - finear taper e - pico = 10° 1 35T : stamirss stecl
COME - compositon LK WASH - inck washer PH BRZ hosphor hronze SR - aplit ring
COMPL = complete T ek washe - phoRp = §TL = Eheel
CONN = comtector LOG = logarithmic taper PHL = Phillipa
P - eadmiern plate LFF = low pass filter ';i:; : pea.l_‘t_mvers? \'\:!Ezge A - tantalim
CRT = calhoderay tube 3 R AVE - RAERLNE - ™ = time delay
ow = cluckwise ™ = milkt = 10 . poadtive TGL - toggte

M = meg = L0 P = part of THD = thread
OEPC - depnsited chrbor MET FLM = meeal lilm POL Y - polystyrens e - Hanium
DR = drive MET OX - metallie oxtde BORC = porcelzin TOL - LoleTange
ELECT = electrulitiv MPR = manafaclurer PO3 - positionis! TRIM - crimmer
ENCAFP - encapsalsted MINAT - mriniRbu e BOoT = pdenhom?t.(*r TWT - travebling wave Lsbe
EXT _ emrerial MOM = mumenizey PP : PE?{J&—tU—peak

MTC - mounting PT = ptnl " = micro = -w-ﬁ
F = farads MYy = ""mylar" Wy = peak working voltage =
t = fermio = 1B7TH 5 VAR = yaTiable
FH = flat head n - iano - 10 VDOwW - de working volis
FILH = Dillister head i = nurmally closed ) o
Fxp - fined *E = peun RECT = regtifler W = with

Kl FE - mickel plaie RF - radio frequency W = warts
G =i = g% MG - normally open RH - round head or WV - workung inverar
GE < EETINAnLLm NPG = R pAlLYe pasibive 200 ripht hand voltage
GL - ulass fzero temperature RMO = rack miunt onky W = wirgwound
GHD - wrowndivd ) coefficient} RM3 - rout-mean squAre Wk = withou!

Q01 - 5700
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Section VI
Paragraphs 6-7 to &-13

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 parsts
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 replace-
able parts table, state the full instrument medel 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 s often
done to insure guick return to service after 2 malfunction
ocqurs, Hewlett-Packard has a Spare Parts Kit available
for this puepose. 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 Hewlett-Packard office.

6-12. DIRECT MAIL ORDER SYSTEM.

6-13. Within the USA, Hewletf-Packard can supply

parts through a direct mail order systermn. Advantages of
using the system are:

a. Direct ordering and shipment from the HP Parts
Center in Mountain View, California.

b, WNo maximum or minimum on any mait order
(there iz a minimum order amount for parts
ordered through a local HP Office when the
orders require billing and invoicing).

¢.  Prepaid transportation (there {s a gmall handling
charge for each order).

d. No invoices — to provide these advantages, a
check or money order must accompany zach
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 8-2. Manufacturers Code Lists.

MFR N3 MANUFACTURER NAME ADDRESS TIP CODE
CO633 AKTIEBOLAGET RIFA BROMMA SE
00300 ANY SATISFACTORY SUPPLIER
0003J NIPPON ELECTRIC €O
01121 ALLEN-BRAOLEY CQ MILHAUKEL WI 53204
01295 TEXAS INSTR INC SEMICOND CMPNT DIV DALLAS X Fi-Ya
01928 RCA CORP SDLID STATE DIV SOMERYILLE N 08876
02114 FERROXCUBE CORP SAUGERTIES NY 12477
03528 JOHANSON DIELECTRICS LN BURBAKK CA 1610
04713 MOTOROLA SEMICONDUCTOR PRODUCTS PHOENIX AZ 85062
06665 PRECISION MONQLITHICS INC SANTA CLARA CA 95050
07263 FAIRCHELD SEMICONOUCTOR DIV MOUNTAIN WIEW CA 94042
1236 CTS OF BERNE INC BERNE N 46711
12554 STEMENS CORP COMPONEKTS GROUP SCOTTSDALE AL 85252
15701 HEPCO/ELECTRA CORP MINERAL WELLS T 76067
20932 EMCON DIV ITW SAN DIEGD CA 92125
24546 CORMING GLASS WORKS {BRADFORD) BRADFORD PA 16701
25403 AMPEREX ELEK CORP SEMICON & MC DIV SLATERSWILLE RI 02876
27014 NATIONAL SEMICONDUCTOR CORP SANTA CLARA CA 95051
28480 HEWLETT-PACKARD CO CORPORATE HQ PALO ALTD CA 94304
32293 TNTERSIL INC CUPERTING CA 95014
32997 BOURNS INC TRIMPQT PROD DIV RIVERSIDE CA 92507
34335 AOYANCED MICRO DEYICES INC SUNNYVALE CA 94086
51842 CENTRE ENGINEERING INC STATE COLLEGE PA 16871
52645 PLESSEY SEMICONDUCTORS SANTA AHA Ch 92705
92763 STETTNER-TRUSH INC CAZENOVIA NY 13035
56289 SPRAGUE ELECTRIC CO NORTH ADAMS MA 01247
72136 ELECTRD MOTIVE CORP SUB IEC WILLIMANTIC 3 06226
74970 JOHNSOR E F CO WASECA ] 56093
75915 LITTELFUSE INC DES PLAINES e 6016
8E175 BURR BROWN CO HUNTSYILLE AL I5B01

6-2
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Table 6-3. Replaceable Parts

Section VI
Table 6-3

Reference HP Part |c Descrioti Mfr

¢ " ascription Mfr Part Number
Designation | Number (D Qty P Codea

&1 QELYiwbhSOL | B 1 ¥TIP (25paS00MHZ) RDARD aggEMaLy P11 LIFR YT 1}
a1y G1a0n20%8 ? 105 CaPACITORSFYXD 01UF +B08203 LQGVDC {ER 20489 olho=2055
(114} H160m20%% 9 CAPACITORFXD OLUF +80=29X (9QYDE CER F4 1T Dig0e20ss
[¥14.] T1460e20%% 9 CAPACITORAF XD _4LUF +20s20% [00VDE CER 28u8) ¢1la0w2058
ALCH 160w205% L CAPACITORWEXD GLUF +80=20% EQOVDL CER Fi11.14 Finoeq0ss
MCS 0 40e20%5 L CAMACITORFXD ,olUF +80=20% [OOYDC CER 28uBy ola0eR05%
A1Cy otbg=2058 3 CAPACITORFED _oiUF +80-20% 104VDL CER FLTLT 01 h0n2058
AL} MbGeR 0SS L CAPARITORSFXD BIUF +80w20% LODUDL CER HLLLY ol koeR08S
hibs LELYURT L L) CAFRACTTORRFYD 0tuF «RdaZo) (o0YDC LCER BBLAY [T L.LY L)
{09 rlbgw 089 L] CAPACITOR®XD ,GLuF +BOwd0X LOAYDEC CER 28088 olabe2ash
[R14T') Slbpm3arta & L 18 CAPSEITORWFAD {nnoPF ¢=20% 106YDE CER 20480 Gluo=3aTE
L1381 1603878 & CAPACITORFXG t000PF +m@px 10QYRD GER 28u8D Glaow3A78
ML t160a)dTS & CAPACITORWRED LodnBF +=20% 109¥0L CER F{IE 1 alnonisTa
L 0f6e0w3o7s & CAPACITOR=FED {0QQPF «a20X 100Y0C TEW asung DlbBe3ATA
11819 0ibomiBvTe & CAPRCITOREED 1000PF +wdQY 100VWOC CER abudg Ola0w3s?h
oS LELLILE L) [ CAPALITORRFED {nogPF w20y 100VWOEC fER 8uBY O1AGwINTA
t1e PibOa3AYE [ CaPiCITORFED 1a00PF sedor 100¥0C CER FBubio D1k0m3IATR
(Y1334 01boa3AYE 4 CAPACITORWFED JQOOPF +waO 160¥DE CER 28uBg HipDwSATS
LI]3¢%.} D12t w3 L i CAPALITONaY TRWRLAIR 3, 3-8 _4PF a%py YudTh 187203081058
AICIY 01220072 [ 7 BJODEuVYE A,2PF Bk C3/C2BeMIved ¥ GaTLY L1111
(31414 BlEo=3aTe b CAPACITORFED 1g0oMF +wdox 10p¥DL CER 28ukg 01a0e3ATS
ib2o UlbgedETS 1 39 CAMARCITORLFED _a1UF 4w20y 100YDC CER 2B Plbg=5079
L Y1131 0ieo=3AFT H 15 CaraCITOR=FiD 100rF 4=@ox 200vDL CEr FLYT 1) Flaou)bT?
Apla2 LETELELESS i L1 CAPACTTORWEXD a, TPF 4w SPF 235500 CER FLELY) D140"1B73
23 01b0w38TI & to CAPACITOR S XD (OPF +u 3PF FDOVRC (ER FLET Y] HLa0wIbTN
rATEN 01a0e5atid 0 I CaPACITORSFED 2,2PF +m,2%PF 200YDC CER FLTLY tighedard
LS LTI F3 1Y ] 4 CAPACITORSFAD 1PF +u, 35PF SOQYDC CEA 28480 Dl40=gd3e
MI2s 0tane205s ¢ CAPACITORWFRD _o1UF +80=20% 100VOC CER 28udy Dlk0=205%
1114 1% 0180m2919 ] 14 Capafironmelil 230uFendoy 14vDC A 23u8y QiB0uRTR
Alan Q1edwzayd 7 CAPACITOR=FUED ,6qUF +=20X 1DOWDC CER 2Ruab Gradein?d
cae 0140387 T CRPALITORSF KD ,0iUf ¢sZos 100YDL CER ELTT ) TIb0 w5879
11080 P1b0=3277 ] CAPACITORSFKD 100R¥ +m2bg 200VOC CER 28ub0 O1BOA3ATT
403 0Lhon3RTY 5 CAPACITORSFED 1ooPF suZox 200vRC CER ELIT T D140n3ATY
(3131 01a0a2244 ] i CRAPALLITORAFLD PR +o RUpF SO0YDC CER 23usp TIR0=ZRUR
(8113 01602294 2 \ CAPACITORGFXD 9 4PF +w,2%5PF SQ0YEC CEA 28us¢ [IFLIYFIT
AIC3S 1603878 ] CAPACITORFXD 1000FF »#2G% 10OVDE CER 20uUs¢ QiAGe3ATS
LYN 1] D160=3418 H CAPLLTITDRFXD  p1UF seZ0x looVOL CER 28ubp Dibd=387%
(31321 0160=3293 A | CRABACITORSPXD 4 APF +w, 24PF S0dyDe CER U Glensppss
[¥14 1 Mecutd?y 5 CAPACIYORAFXD 190PF sudds 203VOL CER 20usy FYalesATY
Hcir 0lben-3879 y EAPACITOR=FED  pJUF +=dnk 100¥DC CER 28ubp Tlehe3479
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Section VI Model 41914
Table 6-3

Table 6-3. Replaceable Parts

Reference HP Part ic| e Mfr

; . 1 Description Mfr Part Number
Designation | Number {P Y P Code
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See introduction to this section for ordering information
*[ndicates factory selected value
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Model 41814

Section VI
Figuore 6-1

Reference HP Part No. Qty Description
1 0340-0926 2 INSULATOR
2 0471871-40006 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 0837-0035 1 THERMISTER
1 1250-1001 3 CONNECTOR, SMA
12 0520-0173 19 SCREY

Figure 8-1. Electrical and Mechanical Parts af the Directional Bridge
Assembly — Exploded View (sheet 1 of Z).
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Section VI
Figure §-2

Model 41814

Reference HP Part No. Qty Description
1 1250-0520 2 CONNECTOR, SMA
Z 0520-0173 g SCREW
3 04191-21000 1 FRANGE
4 2200-0167 3 SCREW
5 04191-25002 ] INSULATOR
6 04191-23001 ] CENTER PIN
7 5040-0306 1 INSULATOR
8 1250-0816 1 CONTACT, CENTER
g 1250-1466 1 CONNECTOR APC-7
10 04191-61609 1 CABLE ASS'Y

8-50

Figure 6-2.  Electrical and Machanical Parts of the Directional Bridge
Assernbly — Explodad View {shaet 2 of 2).



Model 41914

Section VI
Figure 6-3

{Bottom view)

Reference HP Part No. Oty Description
1 04191-61606 i CABLE ASS'Y
2 04191-61605 i CABLE ASS'Y
3 04191-61604 1 CABLE ASS'Y
4 2360-0115 4 SCREW
5 1400-0054 2 CABLE CLAMP (SRM)

Figure 6-3. Cable Assemblies of the Directional Bridge Assembiy

«~ Exploded View,
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Section VI
Figure 6-4

Model 41914

Refersnce HP Part No. Oty Description
1 5060-~5836 1 TOP COVER
2 5040-7207 1 TOP TRIM
3 1460-1345 2 STAND
4 5060-9848 1 BOTTOM COYER
5 5001-0441 2 SIDE TRIM
6 5040-7201 4 FOOT, BOTTOM
7 5060-9948 2 SIDE COVER
3 5040-7219 2 FRONT CAP, HANDLE
9 5060-9805 2 HANDLE
10 5040-7220 . REAR CAR, HANDLE
11 2680-0172 4 SCREM
12 5040-7221 4 FOOT, REAR
13 2360-0195 4 SCREW

Figure 64, Major Mechanical Parts on the instrument Exterior
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Model 41914

Table 6-3. Replaceable Parts

Section VI
Table 6-3

.. fr
Reference HP Part Qty Description M Mfr Part Number
Designation | Number Code

1 5p40-7219 2 FRONT CAP

2 B060-5396 [i4 S[DE COVER

1 S060-3305 I HANDLE

q 5020-B338 |13 STRUT

i 2360-0115 3 SCREW

i 0427440002 3 GUIDE

7 Q4T31-00101 1 SIDE PLATE

i QAT91-01 205 1 ANGLE

3 50807220 z REAR CAP

in 26800177 4 SCREW

1 £1E0-0569 1 MUT

12 3101-2216 1 SWITCH
2110-0564 1 FUSEHDLDER
211005605 1 CAP

14 21710-0304 1 FUSE

113 3101-0070% 1 SWITEH

16 2950-0043 1 HUT

17 2190-0016 1 HWASHER

15 1350-0112 2 CONMECTOR BHC

15 2380-0175 1 LREW

20 1406-0227 1 OTa0E

21 04191 -4078 1 COVER

e 100-0285 1 TRANSFORMER

23 386-0311 1 FAN

24 Z200-01065 ] SCHEM

25 04141-00207 1 EAR PANEL

26 23%0-0117 B LCREW

27 2360-0113 4 SCACH

28 GO20-6202 1 NEAR FRAME

Pt 4197 -30600 1 DLATE

an 1396-6047 2 FASTERER

k1l 04197 -60101 i CASE

37 04197-1204 z ARGLE

33 2360-0333 7 SCREM

E Sl 20-BEd¥ 1 FRONY FRAME

35 241971-002mM 1 SPB PANEL

36 04197 -2E000 2 WIMNZW

37 04197-25001 1 WINDCL

38 0419100630 1 PLATE

39 0419100209 1 FRONT PAHEL (HP]
24151-00205 1 FRONT PANEL ('fHF)

a0 T120-1254 1 HAME PLATE {HF)
F126-11475 1 WAME FLATE (¥hP)

£1 (4197-00202 1 FAHEL TOP

4 F2B(-t4a8 1 CONMECTOR APCT

43 05197-00204 1 PANEL STCE

44 (14197 -40001 1 G IDE

as 2300-0165 ] SCREU

L1 04197 -00200 1 PLATE

a7 041491-24000 2 AT

42 041971-61500 1 SWITCH ASSY

a3 220001165 2 SCREW

50 04197 -00700 i DECK

51 04197-00203 1 PANEL SCDE

52 BAG0-D002. 1 FLUG

53 041971 -00200 t HEZEL

54 2200-0165 1 SLREK

45 04191 -00206 1 SUB RANEL

La 2isa-0115 3 SCAEW

57 50810564 1 RMER

58 04274 -40007 1 RO

5% 50¢0-7201 4 FO&ET

a0 T460-1345 b4 STAND

See introduction to this section for erdering information
*Indicates factory selected value
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— Exploded View,

Figure 65, Major Mechanical Parts
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SECTION Vii
MANUAL CHANGES

71, INTRODUCTION.

72, This section contains information for adapting
this manual to instruments to which the contents do not
directly apply. The following paragruphs 2xplain how to
adapt this manual to apply to older instruments with a
lower =erial prefix.

7-3. MANUAL CHANGES,

74 Fo 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.

-5, If your instrument serial number is not listed on
the title page of this manual or in Table 7-1 to the right,
it may be documented in a vellow 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

-1






Model 4191 A

Section VI
Paragraphs 8-1 to 8-10

SECTION VHI
SERVICE

81. INTRODUCTION.

8-2. This section provides the information and instruc-
tioms required to service the Model 4191 A RE Impedance
Analyzer. Included are the Theory of Operation and
Troubleshooting Guide with Circuit Schematics. The
Theery of Operation describes fundamental principles
and circuit operating theory of the 4191 A with block dia-
grams, Circuit schematics, locator itlustrations, frouble.
shooting guide, circuit analysis and other technical data
necessary for repairs are integrated into the service shect
foldouts. An illustration of the instrument interior
is shown In Figure 8-24.

Note: When the instrument circuitry includes expanded
capabilitics provided by optional equipment, refer
to  paragraph  entitied OPTIONS jfor specific

oplian service formation,
8-3. SAFETY CONSIDERATIONS.

8-4. This section contains warnings and cautions that
must be followed for your protection and to avoid
damage fo the cquipment.

WARNING

MAINTENANCE DESCRIBED HEREIN IS PER-
FORMED WITH POWER SUPPLIED TO THE
INSTRUMENT AND FROTECTIVE 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
THEIR MEANS OF PROTECTIVE GROUNDING.

85, THEORY OF OPERATION,

8-6.  The theory of operation discussion is orpanized
into three scctions: basic theory, block diagram discus-
sion, and circuit analysis. The basic theory, beginning
with paragraph 8-13. explaing the concepts and funda-
mental theory of the 4191A instrument technigue
adapted for aceurately measuring the DUT and for fully
achicving automated measurement performance. The
block diagram discussion describes the overall circuit
operating theory of the 4191 A with block-to-block signal
flow. Included 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,

8-8.  The test cguipment required to perform opera-
tions outlined in this section is listed in Table 4-1. The
rable includes: type of mstrument required, critical
specifications, use, and recommended model. If the
recommended model is not available, equipment which
meets or cxXceeds critical specifications listed may be
substituted.

8-9. TROUBLESHOOTING.

8-10. This
tions and information for locating a faulty circuit com-
ponent. All instructions consider the safely of service
personnel perfenming the procedures. These diagnostic
guides are in the form of step-by-step procedures with
Now diagrams. The board level troubleshooting diagrams
are the procedures for isolating the problem fo an indivi-
dual malfunctioning circuit board assembly, The guides
for locating a defective component arc given on the
indwidual board service sheets and integrate service
support data--tesl point locations, waveform illustrations,
vottage data, timing disgrams, and other technical inform-
ation in addition to providing schematic diagrams for
each board. To facilitate casy troubleshooting of the
419EA digital section, the troubleshooting guide for the
logic circuit cmploys a signature analysis éechnigue in-
corporating the concept of dats stream analysis, A
guideline to signature analysis is provided in Figure 8-1%.

8-1

troubleshooting  guide provides instrue-



Section VII
Paragraphs 8-11 to 8-13

8-11. REPAIR,

8-12. Repair explznations tell how (o replace de-
fective circuit components. The recommended replace-
ment procedures for components and parts which reguire
special repair, replacement tools, or tesl equipment
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 appropriaie
ntanual section before proceeding with repair.

Model 4191A

8-13. BASIC THEORY

The basic theory of the measurement technigue used in
the model 4191 A is cutlined in the following paragraph,
The primary part of the description is on page 8-3. As an
aid to understanding the discussion, the Block Diugram in
Figure 8-1 is referred to throughout the description.
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RF DIRECTIONAL BRIDGE
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REF. CHANNEL ]DOkHz{_
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Phase Det. |
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1

1M-1000MHz
! |
y | I !
| TEST CHAWNEL [0 ) | | |
SAMPLING IF [100kHa | Detection "
- CONVERTER : : Phase Signal |
I
8 S e
! i
5 I l |
N J
\ ,J PRy
LY // -
N o e e o o e - s ,",
S ,,/ /f’
o // J//
DISPLAY MICRGPROGESSOR BASED
DIGITAL CONTROL SECTION
| b
| ] MEASUREMENT
| CONTROL PROGRAM
KEYBOARD b
________________ “nf__;uz_TEEQL_IEﬁATION -
HP-1B EQUIPMENT +—o]  HP-IB INTERFACE L PROGRAM ~  _

8-2

Figura 8-1.

4191A Block Diagram.




Model 4191 A

Section

VIE

Paragraph & 13

BASIC THEORY

The basic measurement circuit of the model 4191 A
consists of the measurement signal source and the
veotor voltage ratio detector. The measurement signal
source produces a | MHz to 1000 MHz sinusoidal signal
from the output af 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 test port ig applied to the DUT, and
a part of the incident signzl is reflected from the
DUT. The reflected signal, which retums to the
directional bridge, varies the signal current Howing
in the bridge circuif 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 circult output signals
— the reference and the test channel outputs — repre-
sents the reflection ceoefficient 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 IF 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 coetficient. The other measurement
parameter values are caleulated 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 refated to the inaccuracy of
the measurement circuit will result in ¢onsiderable
errors in the measured vectors. The measurement
values involving these errors are automaticatly cor-
rected by determining the error vectors at the fre-
gquencies where the measurements are taken. The
auto-calibration function of the 419 1A calculates the
error vectors from the measurements of the three
reference terminations; 0£, 08, and 508. The
¢alibration data obtained from the reflection co-
¢fficient measurements for the reference terminations
is 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 reguired 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-
neect the instrument to other HP-IB compatible equip-
ment.




Bection VIO
Paragraphs 8-14 to 8-21

8-14. BLOCK DIAGRAM DISCUSSION

815, 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 230MHz 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 foliowing value:

N=FXxI10 (2500 < N < 5000

Where, F 5 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 suppliss a de voltage proportional
to the difference in their frequencies (phases) as the VTO
frequency control signal, This tuning control automati-
cally locks the VTO frequency to the vahie given by the
following equation:

fvto = N ¥ 100kHz
(250.0MHz < fyro < 500.0MHz)

Because the PLL fixes the VTO frequency to N times the
100kHz reference frequency, the accuracy of the meas-
wrement frequency is almost equal to that of the [00kHz
reference signal.

3-18. The A5 Frequency Converter outpuis a IM to
S00MHz signal by converting the signal output 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 Al VTO is applied to a three stage frequency
divider (2, +4, +8), which outputs a 125M to 250MHz
signal, 62.6M fo 125MHz signal, or 32.1M to 62.5MHz
signal.

For frequencies from 1M 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 419214

For frequencies between 500M and 1000MHz, the signal
output from the Al VTO is routed to the A6 Frequency
Doubler via the A5 Frequency Converter,

8-12. The A7 Sclectable Filter eliminates the harmonics
from ithe signal output from the frequency converter to
reduce distortion of the measurement signal. The flter
circuits are switched to the filter chamnel with the appro-
priate roll-off frequency. The filter channel used depends
on the frequency of the frequency converter output. For
the 500M to 1000MHz frequency signal, the voltage
tunable filter on the A6 boeard filters out the harmonics
included in the frequency doubler output. The AY
Selectable Filter {ransmits the frequency doubler output
to the power amplifier (A6) without filtering. The out-
put of the A7 board feeds the low-distortion 1M tfo
1000MH= signal to the power amplifier on the A6 board.
The wide band power amplifier supplies a power of about
3dBm to the A9 R¥ Directional Bridge.

8-20. The Al8 100MHz Clock Generator/Doubler
supplies an accurate 100OMHz 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 o 100kHz by the frequency
divider on the A3 board. The frequency doubler on the
Al18 board produces a 200MHz signal from the 100MHz
clock to provide the necessary (subtraction) [requency
for ebtaining the 1M to 32MHz measurement frequencies.

8-21. The A4 Programmable Switch Control Driver
converts the frequency controd and the fitter switch con-
trol data transferred from the digital section to the in-
dividual control signals for each switch circuit. These
control signals select the VIO frequency band, set the
divisor of the programmable divider, switch the fregquen-
cy converter circuits, and determine the selectable filter
channel to be used. The D-A converter on the A4 board
accepts the VTQ frequency band selection signals as
input and provides the dc voltage required to set the
tuning frequency of the voltage tunable fiter on the A6
board. Thus, the filter is automatically tuned to one of
the mnine frequency bands corresponding to twice the
frequency of the VTO oufput (the frequency of the
frequency doubler output). The programmable switch
confrol data are transferred, with proper timing, from the
A2l microprocessor dipital control board through the S
DATA 2 line (a serial data fransmission line). CLK SS2,
353 and 584 signals enable the appropriate serial to
paraltet decoder to have access to the transferred data.
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Section VII Model 4191 A

Fignre 8-3

DIRECTIONAL BRIDGE OPERATING THEORY

The basic eircuit of the directional bridge is composed of five fixed value resistors and the unknown im-
pedance element fo 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 4191A, both are 5082, The other bridge arm
Z£x is the DUT connected to the test port, The test signal is applied with an amplitude e, in the direction of
i,. The signal cutrents in this circuit can be arithmetically represented by equation 8-1. Here, we’ll show
that the current iy (or the voltage drop e, = Zi,) is proportional to the reflection coefficient of the BUT.

Kirchhoff’s law gives the following equations for the cireuit in Figure A.

(=1}

iy + i3 = 14
Zil + Ziz + Z (iz - 14) = B (8-1)
Zil + Zl; -+ ZX (13 + 14} = e, f T
Zi, + 2iy = Zig J
Figure A, Basic Directional Bridge Circuit
These simultaneous equations are solved for iy, as follows:
74 1 Z-7x 82)
ig = @, = =+ =2 -
g Z4+zx !

Thus, the ratio of e, o e, given in equation 8-3 can be used to caleulate the reflection coefficient of the

DUT.
1 Z-Z
£z, O (8-3)
g, B8 Z+2Zx 3
(r Z—Zx)
2+ fx

In a practical directional bridge circuit, such as the one employed in the 41914, the bridge arm for i; is
replaced with an RF transformer to obtain the vector voltage ¢,, as shown in Figure B (left figure).

Figure 8-3. Directional Bridge Operating Principle {(sheet 1 of 2).

8-6



Model 4191a Section VI
Figure 8-3

Figure B. Diractional Bridga Circuit of the 4191A.

Because the directional bridge circuit is substantially reversible, the input ¢y and output e, may be inter-
changed. That is, the circuit may be modified so 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 ¢, and ey, the other measure-
ment frequency signal. routed te the reference channel, is substituted for &;. Thus, the vector ratio measure-

ment is made for the reference channel signat (substituted for e,) and the test channel signal e,

Figure 8-3. Directional Bridge Operating Principle {sheet 2 of 2},

8-7
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Paragraphs 8-22 to 8-25

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, AIC and Al
Samplers, A12 PLL Sampling Controller, A13 Sampling
Frequency VTO, AlS 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 cutput and the test channel cutput — whose
vector ratio is proportional o the reflection coefficient
of the DUT. A measurement frequency signal applied to
the input (P1) of the A2 section is divided at the power
splitter, and tlows to the test channel and the reference
chammel 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 DIFT) returns €o the test port.
The bridge yields a vector voltage output in response to
the reflection wector representing the electronic charac-
tenstics of the DUT. Detals 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 smalf, and keeps measurement errors
to a minimum.

Auto-Calibration eliminates the affects of a com-
prehensive phase shift In the measuring clrcuir on
the measurement results. Electrical length com-
pensation minimizes approximation errors in the
cubic interpolation approximation calculation
applied to the calibration data.

Note:

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-
troller when the directional bridge circuit temperature
drops below 30°C. The heater contreller 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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R-24. To enable accurate measurements of the vector
ratioc between the fest channel and reference channel
outputs at all fest frequencies, both outputs are con-
verted into 100kHz IF signals. This permits the use of
state-of-the-art technology in the low frequency 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 accuraie vector measurements.

The Al10 and A1l Samplers perform the frequency con-
version for the wide band measurement frequency signals,
The sampling frequency conversion is made using the
simultaneous 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 sighals. As a result of this fre-
quency conversion, all the measurement Ffrequency
vectors are replaced by equivalent, single frequency (IF}
vegtors.

8-25. The sampling pulse frequency is automatically
controlled so that the IF signal frequency is exactly
{00kHz. 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 pancl measurement frequency setting is
changed, the A13 LOCK ENABLE signal is set by the
digital control section. The LOCK ENABLE signal
actuates the search generator in the A2 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 ouiput frequency. A control signal from the
digital control section sets the VIO 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 climinates the possibility
of selecting a sampling frequency that has an overtone
which may produce the IF signal.



Madel 4191A

In response to the swept VTO frequency, the frequency
of the Al15 sampling pulse generator output - a 300ps
pulse shaped by the step recovery diode, varies with the
sawtooth ramp rate {fiequency modulation). Thereby,
the IF signal frequeincy approaches 100kHz from a higher
frequency. The frequency detector on the Al2 board
continuously compares the IF sighal {shaped to a square
wave} with its own oscillation frequency which is slightly
higher than 100kHz, and when the IF frequency is nearly
close to 100kHz. the frequency detector sipnals the
search control circuit to stop the search generator saw-
Tooth signal. While the IF signal returns 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 outpuf. Accordingly, the sampling frequency
control function captures the normal IF signal frequency
during the period of the siower sawtooth ramp.

After the sawtooth stops, the phase detector on the A12
board controls the IF signzl 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 infegrator in the search generator circuit
smooths the phase detector output. The VTO centrol
voltage is slightly corrected in response to the phase
detector output so that the IF signal frequency coincides
with the reference 100kHz.

Nore: 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
contral ciFcuit,

8-26. The Al6 IF Amplifier/Process Amplifier con-

bines the signal selector switches, the IF amplifiers with
LPF, and the ALC circuit. The sipnal selector switches
transfer, in sequence, the reference channel and the test
channel IF signals to the IF amplifiers so that the 1F
signals are alternately phase detected {(on the A17 board)
to separate the real and the imaginary compaonents of the
reflection coefficient vectors. The two low pass filters
in the IF amplifier have a 100kHz rojl-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 atfenuation of the modulators {on the AS and

Section VIIL
Paragraphs 8-25 to 827

A6 boards) 1o suppress the variation ol the measurement
signal. This automatic level control maintains the meas-
urernent signal level atmost 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 Al2
board increases the ALC voltage and lowers the measure-
ment signal level. Because the level of the IF signal also
decreases, this eliminates the possibility that the sampling
frequency controller will be activated by a harmonic of
the IF signal (for instance, the second harmonic of a
50kHz IF),

8-27.  The Al17 Phase Detector /A-D Converter separate-
ly measures the magnitudes of the in-phase and the right
angle phasc 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,

When the timing of the phuse detection has a
phase 8 in reference to the fnput signal, the
average voltage of the output waveform segments
is given by rhe equation:

Note:

e, = g cos f

input @i

— Output €0

{full -wave
phose derection )

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 appropriatc vecior component

8-9
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voltages, four times per measurement. The integrator
outputs provide the vector ratios converted into time
intervals far 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 o
the microprocessor cach time the integrator output
crosses the zero level.

The CsGg circuit on the Al7 board produces 0° and 907
detection phase signals which are precisely 90 degrees out

of phase with each other. The Cs circuit shifts the phase

of the 1F input signal by 90 degrees. The Gg cireuit pro-
vides the 0° detection phase adjusted to have an accurate
right angle phase in reference to the Cs circuit gignal. 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. consequently, four detection phases
(0%, 90°, [8Q° 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
contral, the integrator can develop the necessary tri-
angular output for the voltage ratio measurement, either
with the charge input is posifive or negative,

Note: When the charge input is a negative voltage, the
integrator oulpuf is a positive going ramp. Sup-
pase the (° defection phase is used (0 discharge
the integrator by positive output voltage of the
phase detector; if the charge input is a positive
volftage which produces a negative going ramp,
the 180° detection phase (the opposite polarily)
is used to discharee the integrator by the nega-
rive ourpil voltage of the phase derector. To
control the detection phase, the mICrOprocessor
monitors the polarity of the ramp in the -
fegrator charge perind.

-2l ez iorR)
_e\/—e;so")

Detection phase for in-  Detection phase for in-
tegration in the positive  tegration v [he nega-
domain tive domain.,

8-10
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Figure 3-4

PRINCIPLE OF THE VECTOR MEASUREMENT

et : Al? test channel vector referenced to the detection
phases.

ex o A0 reference channel vectar referenced ta the de-
tection phases.

The subscripts x and y are:

% 0° phase component of the vector.

y 1 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 calculated
as the ratio of vector ep to vector ex. The X axis and Y axis coincide in phase with the 0° and 90° detection
phases, respectively. The vector ratio measurement consists of three measurement periods as shown in
Figure B.

Note: The voltage ratio measurement is made using a dual slope integration techaique as follows:
The e imput charges the inicgrator for itme T, The o, input then fully discharges the infegrator in

time T, The resultant integrator oulput is the trigngle wave shown in the figure below,

C
11
' e/ | Neaz
el—‘q\o_fﬁq»—qu_. :
|
L&—--—--l—-—-——-———-——hq
Gmrm—e T T2

As the sum of the charge and discharge quantities rmust be zero, the following equation is establisted:
ke, F; + ke, T, =0

Where, k is the inregration constant determined by the values of the integrator circuit constanis,
Thus, the ratic of ey o e 15 given as:

Since charge time Ty is constant, the value of ¢, e, can be calculated by measuring fime T, .

Figure 8-4. Principle of the Vector Measurement (sheet 1 of 3).
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Figure 8-4

Period | Perled 2
Period 3

Otfset Poriod

Eo ety €ax

Figure B. Vector Component Measurement Sequence.

Period 1: The 907 phase component of the eg signal is detected by the 90° detection phase, The
epy component charges the integrator for a constant time T,. Next, the 0° phase com-
ponent epy discharges the integrator. Thus, the value of egy/epx is calculated as the
tangent of the phase angle 9, .

Period 2: TFhe 0° phase components of the ey and er signals (erx and ery } are detected to obtain
the value of erx/erx in the same manner as period 1.

Period 3. The 90° phase component of the er signal and the 0° phase component of the ep signal

are detected to obtain the value of epyferx.

To simplify the calculations for derivation of the reflection coefficient value (eg/fet), the values obtained in
periods 1, 2 and 3 are replaced with B, C and D respectively.

CRY

— =B
CRX

e

X L ¢
SRX

STY
Y - p
ERK

The absolute values of eg and et are given by the following equations:

1
|ER|_;{£ /TTBe
lert = l

Tt =
erx C‘+D

Figura 8-4. Pringiple of the Vector Measurement (sheet of 2 of 3].
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Figure 8-4

Therefore, the absolute value of the reflection coefficient is calculated as:

e JC+D? I _
t;l = —lm:g; =k m (l: constant)

Nare:  Actuglly, the reciprocal of the reflection coefficiens is calculated, not the reflection coefficient itself,

The phase angle of the reflection coefficient is:

1 LA

Jira " TrAT

4 = tan'A = gos™!

Where A*ME
o C + BD

The real and the imaginary components of the vector reflection coefficient are:

il

IT"| cos @
T’ sin @

Py
Ty

To eliminate integrator operating errors caused by residual offset voltages in the phase detectar and integrator
circuits, an offset measurement peried precedes the three vector component measurement periods. During
this period, the integrator charges with the residual offset voltage and discharges with the gy component volt-
age. Thus, the relative magnitude of the residusl offset voltage eq vs the epyx 18 measured (as & = egferx).
The effects of this offset voltage are eliminated from the values of B, C and D using the following compen-
sation calculations:

e Co
B =B A =R _ 0O
SRY CRX
. = o
" =(C_A=_> . =
YRX FRX
CTY €0
DP=D-A=—— — 2.
CRX £RX

Figure 8-4. Principle of the Vector Measurement (sheet 3 of 3).
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Section VI
Paragraphs 8-28 to 8-31

8-28. OPTIONS

8-29. The theory of operation for the 4191 A optional
circuits is described in the following paragraphs using
block diagrams. Option 002, High Resolution Test Fre-
quency, and Option 004, Analog Recorder Quiput, are
included in the descriptions (the other options are
electrically the same as the basic instrument).

8-30. OPTION 002 HIGH RESOLUTION TEST FRE-
QUENCY.

8-31. Option 002 adds four circuit boards — A30 VTO,
A31 Progrommable Divider, A32 Summing Loop Circuit,
and A33 VTO —to the signal source section of the
4191A. Figure &7 is the block diagram of the option
002 circuit section. To make the discussion easier. a
further simplified block diagram is given in Figure 8-6.

Model 41914

The A30 VTO and A31 Programmable Divider develop
1.0000M to 1.0999MHz signals using a PLL frequency
synthesizer technique similar to the Al, A2 and A3
boards (main synthesizer) of the basic instrument. The
summing leop circuit adds the 1.0000M to 1.0999MHz
local synthesizer frequency to the main synthesizer
frequency (249.0M to 499.0MHz). The summing loop
output frequency is given by the following equaticn:

FS'I'FL:FM

Where, Fg is the main synthesizer frequency;
249.0M to 499 0MHz

FL is the local synthesizer frequency;
1.0000M to 1.0999MHz

Fu is the summing loop sutput freguency;
250.0000M to 5000000 MHz.

249.0M A, 499.0MH: T3 250.0001M
From Al ! ?
| e | 500.0000MHz
| Fut Fsl i
| T O S
| | MHz |
I |ePF |
A30 | |
T T T T T T T e e —— — — - : |
: : | Fa-Fs I
1 ! ' |
From A3 ' | Divider Divider {Fe ! | de
I00KHz , | + 10 + 100 L |
t [ : Phase :
! |
S IR J [ L Derester
1G0.00M
A3l ~ 10O, 99MH2 LLOQOOM ~ | .0999MHZ
rr——~F——- 3
| I
| Programmab s I
I il Divider -l ——-N
| < N { From AZI
| |
| i
L e e .

Figure 8-6G. Option 002 Circuit Basic Block Diagram.
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By means outlined above, the option 002 circuit offers
the 250M to 500MHz frequencies synthesized at 100Hz
resotution instead of the [00kHz resclution of the basic
instrument, Ordinary frequency mixing operation for
adding two frequencies yields two side band frequencies
corresponding to the sum and the difference between
them, as follows:

Fy = Fg  Fr

Because the sidebands are very close to each other, it is
difficult to filter out the Fg - Fr, to obtain Fg + Fy, only.
Therefore, the summing loop circuit incorporates a
special circuit operating principle to produce the Fg + F,
frequency only, as described in the following paragraphs.

8-32, The A30 VTO board includes a VTO which
covers the 100M to 1 I0MHz range and a phase detector
which supplies the tuning control voliage for locking the
VTO at 10kHz frequency steps. The VTO has two out-
puts: one for PLL control and another for input to the
summing loop circuit, The PLL output is counted down
to 10kHz by the A31 programmable divider. The pro-
grammable divisor N is automatically set to the value
given by the following equation:

N = 10000 + X (10000 < N £ 10999)

Where, X is a2 three digit number for the measurement
frequency setting of the 10kHz, |kHz and 100Hz digits.
The phase detector compares the pregrammable divider
output frequency with the 10kHz reference frequency,
and applies a tuning contro! voltage to the VTO. This
feedback tuning control locks the VTO frequency to the
value given by the following equation:

fVTO = N X 10kH=z
(100.00MHz < fy1o < 109.99MHz)

Section VI
Paragraphs 8-31 to 8-33

The other YTO output is counted down to 1.0000M to
1.0999MHz, and is called the local synthesizer output.
This local synthesizer output (Fp) provides the measure-
ment frequency setting capability extended towards the
less significant digits.

8-33. The A33 VTO has the same circuit configuration
as the A1l board, and covers 250M to SO0OMHz frequency
range. The A32 summing loop circuit fixes the frequency
of the A33 VTO to the sum of the frequencies of the
local and main synthesizer ocutputs, This frequency con-
trol is performed in the following manner:

The mixer on the A32 board outputs the beat frequencies
Fy * Fg of the VTO frequency Fy and the main syn-
thesizer frequency Fs. As Fy + Fg is a high frequency
{above 300MHz), the 1MHz LPF passes the Fy - Fg fre-
quency only and blocks the Fyy + Fg. The phase detector
on the A32 board applies a tuning control voltage to the
A33 VTO in response to the two input frequencies, F
and Fy - Fs, This PLL control loop locks the VTO out-
put frequency Fy to the value given by the following
equation:

Fy - Fs = Fp
Thus, the VTO frequency Fy is:
Fy = Fg + F

Accordingly, the frequency of the A33 VIO coincides
with the sum of the main synthesizer frequency and the
tocal synthesizer frequency,

Switch §3-7 on the A28 (A21) board must be
set to ON fo enable function of Option 002,
Refer to the figure on page 8-1373.

Nore:
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3-34. OPTION 004 ANALOG RECORDER OUTPUT

8-35. Option 004 adds the A41 Analog Recorder Out-
put board to the basic instrument. Figure 8-8.is the block
diagram of the A4l board, The measurement values for
DISPLAY A and DISPLAY B parameters, along with the
measurement frequency or bias voltage data, are trans-
ferred as serial datz to the senmal to parallel data decoder
from the A2l Mieroprocessor Digital Control board. This
data is stored in the appropriate decoders until new data
is delivered through the S DATA 1 line. The individual
D-A converters for the three recorder output channels
generate a de current set by the 10 bit parallel data of the
decoder outputs. The current to voltage converter ampli-

Model 4191A

fier at the output stage of each D-A converter providesa
voltage output proportional to the current output of the
D-A converter. The inverting amplifiers in the DISPLAY
A and DISPLAY B channels provide negative output
voltages whose absolute values are equal to the positive
inputs. The polarity switches select the positive or nega-
tive voltage o be output at the RECORDER QUTPUT
connectors depending on the sign (plus or minus) of the
measurement display values.

Switeh $3-1 on the A20 (A21) board must be
set to ON fo enable function of Option 004,
Refer to the figure on page 8-133.
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Figure 8-83. Option 004 Analog Recorder Output Block Diagram.
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8-36. DIGITAL CONTROL SECTION

8-37. Figure 8-11 is the block diagram of the 4191A
digital control section. The digital control section con-
sists of the A21 Microprocessor Digital Control board and
A22 Display and Keyboard Control board assemblies.

Note: The assembly number of the Microprocessor
Digital Control Board is either A2} or A2]
depending on the type of ROM s mounted on the
hoard as follows:

A20 (PIN 04191-66320). P-ROM's
A21 (PIN (14191-66521): Masked ROM's

The programs stored in the ROM's and the func-
tions of the circuits are identicgl, When the actunl
assembly is A20, change A21 in the following
descriptions ro read A20.
8-38. A21 Microprocessor Digital Control
8-39. The AZl board contains the following circuits:
MPU (Micro-Processor Unit), APU (Algorithmic Pro-
cessing Unit), Memory, HP-IB, VRD Controt, Serial
Port, and Front Panel Control. The MPU section is the
heart of the AZ1 board. It controls the timing of the
dipital circuits, the process of programmed measure-
ments, and the response to input commands. An out-
line of the MPU circuit operating theory follows.

8-40. The U33B Turn-On Reset Circuit initializes the
Microprocessor after a | second (0.5 to 1.5 second) delay
when the instrument is tumed on. The Microprocessor
then accesses the program ROM to read the stored data.
The program is run one step at a time, synchronized with
two complementary IMHz clock signals (CLKp1 and
CLK$2) supplied by the Clock Generator. The relation-
ship between the high and low periods of each signal 1s
shown in Figure 8-9. Timing of circuit operations in the
digital section is controlled by the $2, 100k, 2M and
FOM clock signals output from the Clock Generator.

8-41, The Microprocessor is interfaced with other
devices via the Control Bus Line, Data Bus Line and
Address Bus Line. The Microprocessor handles alt digital
data processing as well as providing timing control for the
analog measurement circuit. The bus lines have the
following functions:

Data Bus Line (8 bit): Bidirectional bus line for transfer
of program and measurement data to and from the
Microprocessor,

Section VII
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Address Bus Line (16 bit); Unidirectional bus line from
the Microprocessor for addressing program ROM’s and
data RAM’s. Additionally, sets APU, HP-IB Microport,
or one of the data registers fo enahle data transfer to
and from the Microprocessor via the Data Bus Line.

Control Bus Line (YMA, R/W, DBE, ¢2): Unidirectional
bus line for transfer of digital seciton control signals.
The VMA (valid memory address) line controls syn-
chronous access timing of RAM's, ROM's and Micro-
port in conjunction with the appropriate clock signal.
R/W (read/write) control line sets the FAM’s, ROM’s
and Microport to “Read™ or “Write” operating mode
te control the direction of data transfer (time sharing)
onr the Data Bus Line to or from the Microprocessor
(R/W control logic is further described in paragraph
8-45). The ¢2 clock signal line provides a 1| MHz clock
pulse for timing control in the digital control civcuit,
The DBE (Data Bus Enabie) line syncs the “write”
control of the RAM’s to the appropriate timing of the
clock (see Figure 8-9),

842. The Bus Drivers connected to the Microprocessor
1/O bus lines enable/disable the functions of the Data Bus
and the Address Bus lines. The Address Bus line is
enabled when the BA (Bus Available) signal is HIGH. The
Data Bus Driver (U47) takes the required direction for
the Microprocessor fo read or write data via the Data Bus
line. The VMA and the R/W control signals determine
the direction of the Data Bus Driver.

o — 1 v
o2

)
M—"1200 ~ 300 ns |
I
|

vua —A

. ——_————— - ——— - Reod
R/W — X i i

1
t Write
]
Address TEe2 ] ABCD |
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timing
DBE

accessible time

Figure 8-9. Address Timing Control.
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8-43. The Program Contrel ROM has an 18K byte
capacity and contains the analog section centrol pro-
grams and digital data processing routines (counting,
calculation, data transfer and storage). To accept the
measurement control instructions from the Program
ROM, the Microprocessor sequentially addresses the
ROM through the Address Bus line. The ROM Address
Decoder decodes address bits 11 through 15 to the 12 bit
chip select signals (CS0 ~ CS11) which cause the appro-
priate ROM to write out stored data onto the Data Bus
line. The measurement control instructions, outpat from
the ROM. are stored in the Serial Register of the Serial
Port Circuit or the data register in the VRD Control
Circuit.

8-44. The Microprocessor also addresses the Data RAM
and bus line control devices (address registers and micro-
port) to sequentially execute microprocessor program
steps in accordance with the program stored in the ROM.
The Data RAM is used to momentarily store front panel
control setting data, measurement results and temporary
data yielded from calculations. The RAM Address De-
coder decodes address bits 10, 11, 12 and |5 to the 3 bit
chip select signals (CAQ, CA1 and CA2) which cause the
appropriate RAM fo store the data transferred via the
data bus line from the memory data buffer, The DBE
signal ensures the complete memorization of the input
data by preventing incorrect timing for the RAM. The
Standby Battery on the A43 board preserves the data
stored in the RAM when there is an ac power less. Si-
muftaneously, the Charger/Controller disables address-
ing of the RAM to prevent storage of random data at the
instant power is lost. During normal operation, the
Charger/Controller re-charges the battery from a +5V dc
voltage source.

8-45. The Read/Write (R/W) timing control signal is
sent to the various storage devices, registers, decoders and
microport (HP-IB interface adapter) to control the
transfer of data as follows:

Read: Causes a selected register or storage device to
output stored data or sets bus driver or Micro-
port to the driver mode. Microprocessor ac-
cesses (reads) the data sent from the addressed

device.

Write: Enables a selected register or RAM tfo store
data, or sets decoder or Microport to the re-
ceiver mode. Microprocessor sends (writes)

data to the enabled device.

8-22

Model 4191A

Read/Write control is performed in conjunction with the
appropriate address signals to enable the correct device
for the data transfer.

8-46. The U49 and US0 Timing Control Decoders
decode address bits 3,4, 11, 12 and 15 to 16 bit fiming
control signats which control the operation of the APU
and the various digital devices (registers, counters, drivers
and fHp-flops) in the VRD Control, Serfal Port and
Interrupt Controb circuits, These timing control signals
are functionally similar to the R/W control signal; they
enable/disable individual devices in each circuit section
in accordance with the programmed sequence,

8-47. The U35A [RQ gaie signals the input of an IRQ
{Interrupt Request} to the Microprocessor. The three
TRQ controt lines (KBDINT, EXTINT and HPIBINT)
transmit the request to the function control input from
the kevboard, the external trigger circuit or the HP-IB
control line. When a 4191A function is selected or
changed, the IRQ line goes LOW. Normal measurement
sequence control of the Microprocessor immediately
pauses, except during integrator operating periods (dual
slope A-ID conversion operation), to determine the nature
of the control input. Program address then jumps to the
IRQ service routine to control the function control prior
to program perocessing. The IRQ contrel line is alwiys
active to allow servicing of intermipt requests,

8-48. The Serial Register in the Seral Port circuit
momentarily stores the (static) cortrol data to initiate
the measurement frequency signal and dc biass voltage
entered from the keyboard or via HP-IB remote control,
When the instrument is equipped with Option 004,
Analog Reeoder Output, the serial register also stores
data for setting the analog output voltages. This control
data designates the states of the analog switches to be set
for the temporary measurement phase. The stored data
is transferred to the latches in the analog measurement
section (and the A4Q d¢ bias supply) through the SDATA
1 or SDATA 2 serial data line. This data transfer is made
to the appropriate latch in the following manner:

First, the contro! data is sent to the U38 Serial Register
and the WSPT signal is set to store the input data in the
register. Next, address bits 0, 1, 2 and 5, given by the
program data, are stored in the register (US8). The De-
coder/Muitiplexer decodes this address data to the 11 bit
analog control clock signats (CLKRCVR, CLKBIAS,
CLKVRD, CLKDAC, and CLKSS1 through CLKSS6)
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These clock signals cause specific latch(es) to store the
data and to output the control signals to individual
analog switches. Additionally, the Decoder/Multiptexer
enables the Display Data RAM, on the A22 Digplay and
keyboard Control board, to store the measurement dis-
play daia transferred from the Microprocessor. The U6l
Octal Counter simultanecusly drives both the Decoder/
Multiplexer and the Senal Register. Thus, transfer of
the control data in the serial register is synchronized with
the analog control clock pulse.

8-49. The VRD Contrel circuit controls the measure-
ment functions in the A17 Phase Detector/A-D Converter
to measure the vector ratio of the IF vector signals. Ad-
ditionally, this circuit counts 10MHz clock during the
discharge period of the integrator, and stops counting
when the ZERO signal is received from the A-D con-
verter. As A-D conversion requires accurate timing
control for correct circuit operation, the sequential time
periods of the control signals are developed from the in-
tegration time counter which counts the number of input
clock pulses, from the 10MHz clock, as directed by the
Microprocessor. The counter defermines the 10ms period
of the integrator charge time as foilows:

To start counting, the Microprocessor resefs the UZ1 flip-
flop causing the U20B counter input gate to open. The
counter outputs a pulse and is automatically reset when
the total number of input pulses reaches 1000, and then
restaris counting. This counter operation is continuously
repeated, thus the counter outputs a pulse with a 0.1 ms
period (1000 times the 0.1us clock puise period). The
Microprocessor continuously monitors the counter out-
put until the generated pulses total 99. The Micropro-
cessar then stops monitoring the counter, and actuates
the CPU Switch circuit to cause the counter input gate to
close when the counter outputs the t00th pulse. There-
fore, the time between the start and stop of the counter
i2 an accurate 10ms (0.1 ms X 100).

The discharge time interval of the integrator is counted as
foliows: The Microprocessor opens the counter input
gate and simultaneously closes the infegrator input switch
for the discharge. When the decay slope of the integrator
output reaches zero volts, the ZERO signal {(A-D con-
verter output) actuates the CPU Switch circuit to cause
the counter input gate to close. The Microprocessor
detects the incoming ZERQO signal viz the Data Bus line
and sends a periodic scan signal to read the state of the
data register in the counter device. Thereby, the counter
writes out, in sequence, the eounted number of the clock
pulses in LSD to MSD order. The data for each digit is

Section VI
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ouvtput in & 4 bit code onto the Data Bus fine. The Micro-
processor reads the counter outputs generated each fime
an integrator operating cycie is completed (four times per
measurement ).

The control data for the A-D Converter is transferred to
the latch on the A17 board via SDATA 1 line. The
LATVRD signal causes the latch to output the analog
switch drive sigmals, with correct timing, when the states
of individual switches are to be changed.

%-50. The U39 Algorithmic Processing Unit perfonmns
auto-calibration catculations and data parameter conver-
sion of measured values, The APEF performs the trigono-
metrical, logarithmic, square root and other mathmatic
functions with high speed. Address bits A3, A4 and AlS5
enable the APU to access input data on the Data Bus line
for the required calculation. Address bit AQ (C/D) signal)
discriminates between numeric data and command data
for selecting the mathmatic function. When entering data
into the APU, C/D signal goes LOW to indicate that the
input data is mumeric, i.e. not a command, The RAPU
signal is set LOW to cause the APU to store the given
data, Command data for setting the mathematic func-
tion 18 also provided on the Data Bus line and, at that
time, the C/D signal is HIGH. The APU outputs the
calculation result onto the Data Bus Tine when the WAPU
sipnal is set LOW.

8-51. All HP-IB interface functions arc handled by the
U666 Microport (Interface Adapter). The Microport con-
trols the ‘*handshake™ between the Microprocessor and ex-
ternal HP-IB equipment on an HP-IB program basis. The
architecture of the microport circuit is shown in Figure
8-10. The 8 pairs of registers in the Microport store data
transferred to/from external equipment as directed by
asynchronous operation of the Control Bus signals, Each
register pair stores one bit of the data on the 8 bit data
bus line, When the instrument is turned on, the Micre-
port sets the ASE control line LOW. The Microprocessor
accesses the HP-IB address data in register US6 to display
the instrument address number on the front panel dis-
ptay. The Microprocessor accesses the Microport when
address bits 13, I4 and 15 are H, H anrd 1., respectively.
Address bits 0, 1 and 2 select the internal register of the
Microport which is to store or to write out the data. An
interrupt confrol reguest from the external HP-IB con-
troller pulls down the TRQ ouiput line of the Microport
causing the HPIBINT input of the FRQ gate U35A to go
LOW. Thus, the Microprocessor is requested to respond
to the interrupt input,
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852, The Front Panel Control section mediates the
data transterred from the A22 Display and Kevboard
Control. The external trigger circuit and the option selec-
tion switch circuit are also included in this section. When
a control key on the front panel is pressed, the KEYINT
input signal causes the KBDINT (keyboard interrupt
request) ocutput of flipflop U71A to go LOW. This
causes the KBDINT input of the IR(Q gate U35A to go
LOW, and, thereby, the interrupt request from the Key-
board is input to the Microprocessor. While a keyboard
switch is on, the state of the KBD bus line (KBPQ ~
KBDo) represents the address of the key actuated.

The RKEY signal then enables the US2 bus driver so that
the Microprocessor accesses the KBD signals via the Data
Bus line. The FP CLOCK generator counts down the
100kHz input clock to a 70us {100kHz/7) periodic puise
which is used to drive the display and the address identifi-
cation for the keyboard. The pulse waveform hasa 10us
high period and a 60us low period for each cycle so0 as to
periodically blank the displays, This prevents the display
segments, which are off, from dimly lighting (by a
transitional effect in the display drive devices) without
using additional blanking control. The PON signal closes
the FP CLOCK output gate to hold the FPCLK line
HIGH for a brief period after the instrument is turned on.
This prevents meaningless data from being displayed.
To recognize the installed options, the Microprocessor
reads the setting of the S3 option selection switch when
the RSW signal enables the U43 driver to output the data.

Mode] 4191 A

An external trigger input signal causes the EXTINT out-
put of the U7IB flipflop to go LOW. Thus the U35A
IRQ gate outputs the intertupt request to the micropro-
cessor simultaneously with the EXTINT signai.

8-63, AZ22 Display and Keyboard Control,

8-54. The A22 board is divided into two sections: The
Display section and the Kevboard Control section. The
display section consists of four major circuits: Display
Data RAM’s, Bsplay Scan Counter, Display Drivers and
the various numeric displays and indicators. The Display
Data RAM/Address Registers, Ul5 and U20, convert
measured data to be displayed and address data that sets
the state of the Display Scan Counter. These data are
seriafty transferred via the SDATA line and are then con-
verted into paralle]l data at the output of the Display Data
RAM/Address Register. The U2, Ul3 and 114 Display
Data RAM's store a complete set of display data which
determines the on-off combinations of all the display
clements, Before beginning transfer of the measurement
display data, the address data, which determines the
initial state of the Display Scan Counter output (AQ ~
A3), is sent to the U20 Display Data RAM/Address
Register. This selects the RAM address for initial storage
of the transferred display data, Successively, the display
data is sent to the Display Data RAM (after first going
through serial to parallel conversion by Ul5). The Dis-
play Scan Counter simultanecusly advances the RAM
address from the preceding address for every & bits

PR T we—m | — - —— -—» B0 8
DB €6 we———wl}-——— —J|e——» DID 7
OB 5 a—wfi e o o o] -— RO 8
D8 4 w—r|fp—— e 0|10 5
DB 3 e ——— = D10 4
DB 2 =—j-————d|=—= DI0O 3
DB | w— | o — o — w— D0 2
0 0 == | —-———1 -t OO
TRE -~ S
\ Reod - Data from ext. HP-IB equipment.
Write *Data te ext. HP-I1 B equipment.

Figure 8-10. Microport Internal Register Configuration.
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of incoming display data. The 8 bit display data is pre-
viously coded by the Microprocessor as appropriate for
driving the seven segment displays (or indicator lamps)
when the data is, in turn, written out from the RAM.
The three 4 bit RAM’s store the 8 bit display data in the
following manner:

Ul2 and U13: Stores 7 segment numeric display data
for DISPLAY A, DISPLAY B and
TEST PARAMETER DATA DIS-

PLAY.

Ui4: Stores display data for lamp indicators
and for MSD’s of both DISPLAY A

and DISPLAY B.

The serial display data also includes data which enables
the appropriate RAM(s) for the data store peried. Since
the Display Scan Counter starts counting from the
desired address number, it is possible to change part of
the memory in the RAM to new display data.

8-55. Each Display Data RAM stores 16 sets of 8 bit
display data. When WRTDSP signal is LOW, the RAM
writes out the stored data as addressed by the Display
Scan Counter. The address advances in the reverse direc-
tion of the memory store mode. To display numeric
data, the RAM outputs the display segment signals which
illaminate the numeric figure of each measured count
digit of the displays. The RAM address signals are si-
multaneously decoded by the Ul0 Anode Pecoder to
periodic anode scan signals which activate, in sequence,
each digit. Synchronous operation of the Pisplay Data
RAM and the Anode Decoder accomplishes matrix drive
of the display. The ramp indicators are also controlled
in the same manner.

Section VI
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Note: To improve the brightness, the unit indicators are
iluminafted by the constant drive currents fed
fraom the U7, U8 and Ul Unit Data Laiches,

8-56. The FPCLK signal drives the Display Scan

Counter with a 70us periodic rate as well as the Key Scan
Counter. When the display RAM is set to “Write” mode,
the Write Pulse Generator output pulse simultancously
disables the Anode Decoder and blanks the display. After
the instrument is turned on, the FPCLK line is held
HIGH to blank the display until all circuits are settled
inr their normal conditions.

3-57. The Ul8 Key Scan Counter outputs periodic
KBD signals {KBDO ~ KBDD3) synchronized with the
FPCLK input signal, These 4 bit output signals are
decoded by the Ul7 Decoder to keyboard scan signals
which, in turn, enable the individual keys of three key
groups. Each control key in the key group is enabled,
in sequence, to perform its specific function. When a key
{for example, “SPOT" key) is pressed, one of the key-
board output lines KBD4, KBD5 or KBD6 goes LOW at
the moment the pushbutton switch input is pulled down
(set low) by the kevboard scan signal. In this example,
the KBD6 line goes LOW when the Ul7 Decoder sets its
KBD&G control cutput Hne te LOW. The output of the
gate UE9 goes HIGH and subsequently the Key Scen
Counter stops. The states of the Key Scan Counter out-
puts (KBDO ~ KBD3} and the keyboard output states
given by KBD4, KBD5 and KBID6 signals are coordinated
with the address of the key depressed. Simultuneously,
the KEYINT line goes LOW causing the IRQ gate on the
A2l board to issue an interrupt request. The Mictopro-
cessor reads the scan counter and the keyboard output
data to identify the pushbutton function actuated.
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8-68. CIRCUIT OPERATING THEORY

8-59. The operating theory of the analog measurement circuits is described starting in the paragraph 8-83 (on the
service sheet foldouts). The discussions are based on the schematic diagram foldouts at the end of the manuval and are
mainly related to those circuits which necessitate more detailed information than can be given in a block diagram dis-
cussion. The circuits described are; Al, A2, AS, Ad, A7, A10, Al12, Al6, Al7, AL 8 and A32 boards.
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Section VI
Paragraphs 8-60 and 8-61

3-60. TROUBLESHOOTING.

Caution:

The opening of covers or removal of parts, except those
to which access can be gained by hand, is likely to expose
live parts; in addition, accessible terminals may also be
live.

The apyparatus shall be disconnected from all voltage
sources before any adjustment, parts replacement or
maintenance/repair is performed for which the instrument
must be opened.

if afterwards, any adjustment, maintenance or repair of
the opened apparatus under voltage is required, it should
be performed only by qualified sexvice personnel who are
aware of the hazards involved.

8-61. Figure 8-12 “How (o Use Troubleshooting
Guides” is helpful when starting o troubleshoot the
4191A,

13 First, verify the symptom on the instrument. 1If
the displays or control settings in the initial
operating sequence does not occur just after the
mstrument is turned on, measure dc power supply
voltages and, if an abnormality is found, trouble-
shoot the power supply section. If all the power
supply voltages are normal, troubleshoot the fum-
on reset and clock generator cirenits in the digital
control section using Figure 8-14. If an error
message display occurs, refer to Table 8-5 for the
meaning of the message,

3)

4)

Madel 4191A

Use Figure &-135 “Analog and Digital Section
Isolation Procedure Using the 16341A"Y to deter-
mine whether the failure is in the analog measure-
ment section or in the digital control section. The
“Front Panel Troubleshooting Guide™ given in
Table 8-1 lists the probable causes of fajilures re-
lated to typical symptoms on the front panel
controls and displays. This Guide is helpful in
finding the location of failures at the level of the
anafog and digital section isolation.

It the faiture is in the analog section, proceed to
Figure 8-68 “Analog Section Troubleshooting to
Assembly Level”. If the failure is identified in
the digital control section, refer to paragraph 864
Diagnostic Megsages, and then, proceed {o para-
graph 8-70 Signature Analysis Test.

Perform troubleshooting for component level on
each beoard. The troubleshooting guides for the
analog circuit boards are provided on the Service
Sheet foldouts for each individual board assembly.
The signature analysis troubleshaoting procedure
for the overall digital control sectien (1o com-
ponent level) is given in Figures 8-18 and 3-19.

Power Supply, Turn-on Reset
and Clock Generator circuit
test. Figure 8-14.

See Figure 8-15 for -Analog
and Digital Section Isolation
Procedure,

Refer to Para. 8-64 Diagnostic
Messages and Para. 8-70 Signa-
ture Analysis Test.

See Figure 8-18 for-Signature
Analysis Troubleshooting Flow
Diagrams.

Refer to Para. 8-68 Analog
Section Troubleshooting to
Assembly Level,

Troubleshoot at component
level (see each service sheet),

8-28
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Model 4191A

WARNING

WHENEVER 1T 1S LIKELY THAT THE PROTEC-
TION PROVIDED BY THE FUSES HAS BEEN
IMPAIRED, THE INSTRUMENT MUST BE MADE
INOPERATIVE AND MUST BE SECURED AGAIN-
ST ANY UNINTENDED OPERATION.

Cantion:

Capacitors inside the instrument may maintain a charge
even if the instrument has been disconnected from all
voltage sources for an extended period. Be sure that only
fuses of the required rated current and of the specified
type are used for replacement. The use of mended fuses
or short-circuiting of fuse holders must be avoided.

Section VII
Paragraphs 8-61 to 8-63

B-62. SIGNAL LEVEL DIAGRAM.

8-63. The Signal Leve] Diagram shown in Figure 8-17 i
kelpful when troubleshooting the anatog meuasurement
section. This diagram indicates the normal fevels of the
measurement frequency signal or the 1F signal at the
input and output of each board, The signal levels are
given in dBm measured with an RF power meter, using a
50§ input power sensor, or in volts measured with a
DVM. If a measured signal level is too high or too low, a
failure is located in a previous circuit board with respect
to the direction of the signal flow. Use the Signal Level
Diagram as an aid to isolating failures to a board assembly
level

Table 8-1.  Front Panel Troubleshcoting Guide

DISPLAY B.

Symptom Probable faulty board

E-12 appears on DISPLAY B at frequencies above S00MHz only. A6, A5, A7
E-12 appears on DISPLAY B at frequencies below 32MHz only. A5 AILB
E-12 appears on DISPLAY B at one or more of the following
frequency ranges:

125M to 250 MHz AS

62.6M to 125 MHz )

32.1M to 62.5MHz
E-11 appears on DISPLAY B. Ala, A7
Reflection coefficient display outpuis for auto-calibration are out of A10, ALl A9
normal value range.

o 1 - . 17 .

An error message other than either E-11 and E-12 appears on A2l (A20)

No display appears after the instrument is turned on.

A3 A2] (AZ0)

A meaningless display occurs after the instrument is turned on.

Trigger lamp does not flash (i_e. does not light or stays Iit).

A21 (A20), A22

A21 (A20), A2

is set or released).

An indicator lamp does not light or stays lit (even when the function A2

Pushbutton controls do not function properly {always invalid).

A1 (A20), A22




Section VI Model 41914
Figure 813

COMMNECTION OF THE 16341A |/O CABLES.

PROCEDURE

1.  Remove rear feet and top cover from the 4194 AL

o)
.

Loosen the two fasteners securing the top shield case and fully loosen the retaining screw located at
the center of the case.
3. Raise the top shield case from the front and continue until it comes to rest on the rear frame,

4. Loosen the four screws securing the shield plate at the bottom side of the top shield case and remove
the shield plate.

5. Disconnect the flat cables and the trigger cable from A21J20, 321, 122 and J23 connectors.

6. Place the 16341A Logic Test Box across the 4191 A as shown in the figure,

7. Connect the three flat cables and trigger cable (labeled @ through @ in the figure) of the 16341A to

the appropriate conneciors on the A2l board in accordance with the instructions labeled on the
16341A.

Naore: The 163414 is useable on both the A20 and A2] type boards ( the difference between rhese
two boards is outlined in paragraph 8-37). The labels on the 163414 indicate connection of
the cables to the A20 board. The reference designators J20, J21, S22 and J23 are the same
for the A21 bourd,

8. Connect the flat cables (labeled (5) and in the figure) of the 4191A (normally connected to
AZ21J21 and 122 respectively) to the connectors on the 16341 A as shown in the figure,

9. Disconnect the powear supply cable of the A43 Battery and Charger board from A21)12 {jiah&:led.@
in the figure), and connect the shorting connector, supplied with the {6341 A, (o the A21712.

{0.  Insert the test program ROM, supplied with the 16341A, into the A21J11 socket (labeled in the

figure).

8-30

Figure 8-13. Connection of 16341A 1/0 cables.



Conpnect an  oscilloscope  to

AZ1TP3. Usea 10: | probe.

Oscilloscopes setting:
VOLTS/DIV ... 0.2V /div
TIME/DIV . ... 50ms/div

Tum the instrument oo, and
abserve the trace on the CRT.

Figure |

Tur on
45V

S0~ 150ms

"Ik 0Ev

|

|

| 1
|

: i

1 1

| |

1

I

1.8V
I
Figure 2 - DSV

TP1S
Figure 3

43
0.5V

10~ 1.05us

Iy the waveform
ag shown in Figure 1?

YES

Conneet the oscilloscope to
A2TPG.

Is the waveform YES

as shown in Figure 27

Check A21CR1 and €43,

Connect the oscilloscope to

A2ITPIS and TP22. Change

the setting as follows:
TIME/DIV . ... . lusfdiv

Check A21U33.

Are the waveforms
at TP15 and TP22 as
shown in Figure 37

YES

Is the pulse

Proceed to Figure 8-15 Analog

b and Digital Section Jsolation

Procedure Using the 16341A.

Y38
present at elther TP1S
or TP227
lsadVpp Y&

1MHz pulss present
at AZ1TP137

Is the signal
at TPI 5 normat?

Section VIT
Figure 8-14

Check US3B, U64C, U34B,
U44( and Ud4D),

Check A21U64C and U538,

Check  A21Us4A,
U44A and U44B.

U53A,

[sad4Vpp
2MHz pulse present at
A21TP147

Check A2iln4B, US3D and
sy

Isa 3Vpp
10MHz pulse present at

YIS

AZ1TPI67

Check A21TE7.

Check A21U65,

Figure 8-14. Turn-on Reset and Clack Generator Troubleshooting Flow Diagram.
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Section VIII Model 4151 A
Figure 8-15

Analog and Digital Section lsolation Procedure Using the 16341A.

The flow diagram that follows has two Ffunctions. The first is to isolate abnormalities to either the analog
curcuit or the digital control cirucit, and the second is to provide troubleshooting instruction for abnormal-
ities in the digital control circnit. The digital control circuit consists of the A21 Microprocessor Digital
Control Board and the AZ2 Display and Keyborad Control Board. H, after performing the procedure given
in the flow diagram, “End” is displayed on DISPLAY B, the digital contrel circuit is functioning normally ;
thus the trouble is in the analog measurement circuit. However, if the digital control circuit does not re-
spond correctly to the input signals from the 16341A and test program ROM, signature analysis testing will
begin automatically. In this case, proceed to the troubleshooting flow diagram given in Figure 8-18.

The meaning of any error messages displayed on DISPLAY B during the isolation/diagnostic procedure can
be found in paragraph 8-64, Diagnostic Messages. Additional information on the signature analysis tests can
be found in paragraph 8-70, Signature Analysis Test.

Note: This flaw diggram procedure does not check for trouble related to poor contact in a front panel key
or unlighted indicator lamps or numeric displays on the A22 Display and Keyboard Controf board. If
the instrument exhibits either of these symptoms, perform the following isalgtion procedure (o con-
firm that the trouble is in the A22 board and nor in another board assembly, then proceed fo the
troubleshooting flow diagram in Figure 8-19.

Test setup:

Perform the test setup procedure described below to connect the 16341A to the A21 board of the 4191 A.
Remove the top cover and the shield plate an the A21 microprocessor digital control board. For instructions
on removal of the top cover and shield plate, refer to paragraph 8-73. Connect the 16341 A [/O cables to the
A21 board as illustrated in Figure 8-13.

Confirmation Check

There may be cases whete isolation and diagnostic procedures indicate an etrot, but troubleshooting proce-
dures fail to turn up any abnormalities. In these cases, the procedure given in the flow diagram must be
altered to mhibit the automatic jump to signature analysis testing and force the program to test all portions
of the digital control circuit. To achieve this, set the lowest bit switch (labeled P) on A2183 o the ON post-
tion at Setting B in the flow diagram, and continue with the rest of the procedure without changing the set-
ting of this bif switch.

With the switch set in this position, the program will display, for two seconds, the error message for any
abnormality it detects, And if the abnormality is not related to a ROM or RAM, Interrupt Request (IRQ)
function, or the HP-1B section, the program will continue the test on all portions of the circuit and dispiay

additional error messages when an abnormality is detected.

Ignore the first error message, and proceed with troubleshooting for the second error message as described
in Flow Diagram A. As additicnal information, a flow diagram of the program stored in the 1634 1A test
program ROM is given in Figure 8-16.
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START

Cornzct the 163414 to the
A1 beard as shown in Figuee

B-13.

Set switches A2132, 53 and
54 ay Hlustrated below. Insert
the tesi program ROM into
socket A21F11. Confirm that
Jumper wire W12 Is cormectly
mounted on the A2} board.

Setting powition 52
A =m
1 =
=
| O
| =23
= |+
| B33
3 |-

53
R L] =
el B3 |
| ==
* 0 ¥
1 I I
L | B | s
==K
=3 |
OFF == o OFF

Switch setting A

Are ail the displays
and indicator lamps blunk for
a few ssconds?

Procead to the iroubleshooting
flovw diagrany in Fipure 8-18.

Is "P17 displayed on YES

DISPLAY B?

e Turn th instrument on.
54
S| e
[ET |+
| = '
[ = P
=
3 | »
&1
3 |-
oN

Is “PUSII HOLD”
displawed”

Return swilch A2183 toits in-
itial sekting (all the hit swilches
aff), Press the RANGE HOLD
key on the {front pancl.

Proceed to the troukleshooting
low diagram in Figure 8.18.

1s “PLISIT 5™
displayed !

Press the 57 key an the front
panel.

Procced to the troubleshooling
flow diagram in Figurs 8-18.

Procecd to the troubleshouting
flow diagram in Figure 818,

15 “PUSH CALE™
displayod?

Proceed fo the troubleshoating
flow disgram in Figure 8-15.

Kot switeh 2183 asiflustrated
below.

iy B2 displayad om
1MSPLAY B?

Section VI
Fipure 8-15

fE0EARRE |

T r o e & o oa oD

OFF == O}

Switch yetting B

Sel swirch A7 153 asitlustraied
bekow (reverss of setting B).

Praceed (o the troubleshooting
flow disgram in Figure 8-18.
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a3 e
e |
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=
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OFF et et B

Switch setting C

Fress the CALTRRATION key
an the fTont panel,

1z “Fnd™
displayed?

Figure 8-15.

All TJO function tests have
rassed, The digital control sec-
tion is functioning normally.

Procesd to the troublashooling
flow diagram in Figure 8-18,

Analog and Digital Section Isolation Procedure Using the 163414,




Model 41014 Section VIU
Paragraphs &-64 and -5

8-64. DIAGNOSTIC MESSAGES

8-65. The 16341A manipulates the circuit sections to be tested using proper control test signals as directed by the
test programm ROM and monitors the response of the circuit. The diagnostic tests are sequentially performed for the
individua! circuit sections and control functions an the A21 board. If a circuit fails, an error message is displayed on
DISPLAY B of the 4191 A to identify the circuit or function that did not respond correctly ta the lest. There area
total of 56 error messages and they are divided into cight categories, Each message {s displayed as the letter E followed
by a two digit number. Each message. along with the related function or component, is listed in Table 8-2,

The error codes can be used te determine the circwit area to troubleshoot (e.g. E-60 through E-71 indicate that the
Analog Measurement Circuit Control is faulty, E-Z2 through E-85 indicate that the IRQ cireuit is faulty. ete) as well
as the necessary setups for the signature analysis programs.

Note: The wble also lsts the components tested in relation (o the error message. This does nof mean, however, thut
the listed component is faultv. To locate the failing component, perform sighature analvsis troubleshootisg.



Model 4191 A

Section VI
Table 82
Table 8-2. 16341A Diagnostic Test Error Messages.
Error Function or component Error Function or component
code tested code tested
E20 RAM (U16) HP-IB control
E21 RAM {U25) E72 | HP-IB REN (Uss, U74)
E22 RAM {U,'f) E73 | HANDSHAKE (Us6, U74, U75)
E23 RAM (U24) E74 | EOI (US6, U?S)
. E75 SRQ (Uss, U74)
Egé ::8:1 Egl; E76 LISTEN DATA (Uba6, 76, U77)
£33 ROM (Ug) E77 TALK DATA (UaB)
E34 ROM (U4 ) E78 ADDRESS (US6, Ua6)
1535 ROM (U $ ') E79 MY ADDRESS (Ua6)
" ES86 Byte Input (Ués, U76, UTTY
E36 ROM (Ug) l
37 ROM (U7) E8Y Byte Output (U6}
E8R CHIP RESET (Ust)
E38 ROM (U8) ES0 | IFC (U66, U4)
E39 ROM (U9) — ' ’
E4Q ROM (U110} E8O0 Keyboard input {U52, U71)
Ed1 RCM (U11) E8t EXT TRIG (U41, U71)
E50 APU  (U39) [RQ
ER2 EXTINT-EXTERNAL trigger [RQ
(U71, U73)
E83 KEYINT-Keyboard TRQ (U71, U73)
Analog Measurement Circuit Control E&4 HP-IB INT (UJ68)
E60 | Master reset (U21, U40) E85 1RQ
E61 CPU switch disable (U21, U330 Serial Port
£62 | CPU switch disable (U21, U30) g _ _
E64 ZERO input (U30, U41) uel, U70, U72)
il
res | CLRVED 020, U2). U40) E9t | CLKVRD (US8, U60, U69)
};66 Iﬁte rator cha; ::coin;ol E92 CLKDAC (U8, U6D, U69)
: £ B £93 | CLKRCVR (U60, U69)
(U31, U32, U4l, U42, U2Q) }
. . E94 CLKBIAS (U&0, Us9)
Ea7 Counter stop (U31, U32, U51) R
. E9s CLKSSS (Us9, U70)
E&8 Integrator precharge control (U31) e . . _
) _ E96 CLKSS6  (Us9, U70)
E69 Counter start (U41) _
. . E97 CLKSS3 (Usd, UT0)
E70 Counter output data {U31) .
571 Lock (U40. U62) E98 CLXS884  (US9, U7
' E99 CLKSS1 (UsD, U7

B-36



Section VIIL Model 41914
Paragraphs 8-66 and §5-67

8-66. ERROR MESSAGES RELATING TO FAILURES IN THE ANALOG MEASUREMENT CIRCUIT,

8-67. Error messages displayed by the 4191 A include messages for two kinds of Failures related to the ¢ircuit opera-
tion of the analog measurement secéion. The 4191 A continuousty monitors two signals in the measurement circuit,
and, if ap abnormality is detected in either of these signals, E-11 or E-12 is displayed. These error message codes in-
dicate the nature of the failure as follows:

E-11: The zero signal, normally cutput [rom the vector ratic detector (Al7 board). was not generated.
E-12: Normal TF signal was not produced (more accurately, the LOCK signal (A12TP6) was not at the
normai state when the IF signal frequency was locked at 100kHz),

The E-11 distinguishes between a failure in the test channel [F amplifier circuit on the A16 or A17 board from other
preceding circuit stages. Since detection of E-12 related failures occurs prior to those related to E-11, determining the
actual cause of the failures is possible even if the symptom relates to both errors, {.e., when the measurement fre-
quency is lost. Tn such cases, when E-12 is displayed, the trouble is in the signal source or sampling [F cenverfer
section (A10, Al12, A13 or A15 board).

When an E-il or E-12 related failure is detected, the microprocessor stops accepting controf setting input commands
untit the cause of the fajlure is eliminated. This makes it impossible to use varions control settings 4% a means to track
down the possible causes of the failure. To override this condition and to restore normal control functiens, the error
message function can be deactivated by setting switch A2152-5, 6, 7 and 8 to the test mode position as shown below.
This will allow operation of the {ront panel controls, when an B-11 or E-12 error condition exists.

Test mode setting for E-12

AZ| 52 .
e Mode 82-5 82-6
2| Normal OFF ON
3| [ Test ON OFF
| T3
5t O
6] B | Test mode setting for E-11
7| CE3
8| E Made £2-7 52-8

Normal OFF ON
oFF o Test ON OFF

Caution: Do not set both 82-5 and $2-6 to the ON position at the same time. The same is also true for $2-7 and
S2-8.

If error message E-11 is displayed, set 82-7 und $2-8 to the test mode position. For error message E-12, set 82-5, -6, -7
and -8 to the test mode position. This must also be done when performing adjustments that reguire disconnecting

signal cable{s) or removing a specific board assembly.

Note: Be sure ta reset switch A2182 o its normal mode position after compledion of adiustments or repair,
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Model 41914 Section VHI
Paragraphs 8-68 and 8-69

8-68. ANALOG MEASUREMENT SECTION TROUBLESHOOTING GUIDE.

8-69. This paragraph outlines the basic procedures used to troubleshoot the analog measurement section. The
information included facibtates successful isolation of the trouble to board assembty level, with simple. short pro-
cedures. When it is defermined that the trouble is in the analog measurement section, follow the troubleshooting in-
structions given below. After isolating the board assembly that is causing the trouble, refer to the foldout trouble-

shooting puide for that particular board assembly.

Nore: Before proceeding with the board isolation procedure, refer to the instrictions for error message codeys in para-
graph 8-67.

1) Read the error message displayed on the DISPLAY B. Skip the 10 minute warm-up. The error message in-
dicates the failing circuit as follows:
E-11: The All, Al6, or Al17 board is faulty.
E-12: The trouble is in the signal source section or in the sampling [F converter section.

If E-11 appears, refer to step 2 which outlines the procedures for isolating the faulty board (A11, Al6 or A17).
If E-12 appears, skip step 2 and proceed to step 3.

2) Observe the 100kHz IF signals at A16TPS, TP10 and TP with an oscilloscope. The amplitude of the signal
should be faitly close to the folfowing values (when no DUT is connected):

TPY : 30mVpp

TPIO . 720mVp-p

TP11 : Z.5mVp-p
If the signal at TPS is abnormal, check the All board. If the signals at both TP10 and TP11 are normal, the
Al6 board is functioning normally. Check the AL7 hoard,

3) Conpect a frequency counter to the UNKNOWN connector. The frequency counter readout should be within
the tolerance of the specified test signal frequency aceuracy (3 ppm). Disconnect the frequency counter and
connect a spectrum analyzer in its place. Verify that the fundamental spectrium dispiay is =20+ 3 dBm. If the
symptom oceurs only at & specific frequency setting (range), perform these tests at that frequency, If both
tests pass, the signal source section is operating normally, Check the sampling 1T converter section (A10, A2,
A13 and A15 boards) using steps 4 through 7. If either test fails, proceed to step 8.

Sampling {F Converter Isclation Procedure (A10, A12, A13 and A15)

4) Set switch A1282 to the Test (T) position. The A12 PLL Sampling Controller wili cause the output of the A13
PLL Sampling Frequency VTO to repeatedly sweep the entire frequency controllable range. Verify that the
wavelorm at AL2TP35 is a sawtooth with an amplitude from =20V to 0V and a 40ms period. I otherwise,
check the A12 board.

3} Observe the square wave at A13TP2. The frequency of the signal should be swept between 1. 1Mz and
11.25MHz. Tf the waveform does not vary over a 0.5 octave (for instance, 5 to 7.5 MHz) synchronously with
the sawtooth at A12TPS, check the Al13 board.

6) To determine whether or not the AtQ Sampler is operating normally, swap the A10 and A11 boards. Reset
switch A1282 to the normal (N} position. 1f the E-12 errar message does not appear, the A10 board is faulty.
It the error persists, check the ALS board and continue to step 7.
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Section VII Model 4191A
Paragraph §-69

7)

It all the tests upto step 6 have passed, check the VTO frequency band selection signals and the frequency
divider control signals on the A13 board. If the A13 board is operating normally, check the search cantrol, the
frequency detector, and the lock-in detector circuits on the A12 board.

Measurement Signal Source |solation Procedure (A1 thru A7)

4}

9}

10)

113

13)

Note: If the instrument is equipped with Option 002, High Resolution Test Frequency, use the Opiion a62
Cireuit Section Isolation Procedure before proceeding ro step 8.

If the fundamental spectrum level, measured af step 3, is too high or too low. check the ALC voltage at Al6
{3T). The ALC output voltage will differ from its typical value of about 4V as follows:

When the measurement signal fevel is too high:
ALC voltage will be close to +12V.

When the measurcment signal level is too fow:
ALC voltage will be close to OV,

If the ALC voltage does not exhibit the expected change, check the ALC circuit on the Al6 board.

Connect the frequency counter first to A18P1, and then P2, The frequency counter readout shoutd be 200MHz
and 100MHz (within *3ppm) respectively, If otherwise, check the Al8 board.

Connect the frequency counter to AIP1. Set switch A2182 to the test mode position (refer to para. 8-67). Set
the SPOT frequency to 250.0MHz, and then SC0.0MHz. The frequency counter readouts should be identical
to the SPOT frequency settings within the specified tolerance and accuracy. If otherwise, check the Al. AZ,
A3 boards individually using the circuit operating test procedures pravided on their respective service sheet
foldouts. Recennect the SMC connector cable to AIP1.

Connect the frequency counter to ASP4. Manuaily sweep the measurement signal frequency from 1.0MHz to
500.0MHz in SMHz steps. Verify that the frequency counter readouts are identical to those on the 4191A
display, Disconnect the frequency counter and connect the spectrum analyzer in its place. Sweep the measure-
ment signal frequency automatically in the same frequency range. The fundamental spectrum level should be
greater than —6dBm at all the frequency points. If any abnormality occurs, check the AS board. Also check
the switch control driver outputs on the A4 board.

Connect the spectrum analyzer to A6P4. Sweep the measurement signal frequency automatically from 1.0MHz
to 1000.0MHz in 2MHz steps. Verify that the fundamental spectrum Jevel is 3 £3dBm at all frequency points.
If this test passes, check the A9 board. If otherwise, perform step 13.

Connect the spectrum analyzer to A7P3. Sweep the measurement signal frequency automatically from 1.0MHz
to 1000.0MHz in 2MHz steps. Verify that the fundamental specitum level is within -6+ 35dBm at all test
frequency points. If an abnormality occurs at a frequency region between 1.0MHz and 500.0MHz, check the
A7 board. Also check the switch control driver output on the Ad board. If the symptom occurs only at
frequencies between 500.2MHz and 1000.0MHz, check the A6 board. Also check the control voltage of the
voltage tunable filter at A4TP3.



Mol 419 A Bectior
Fipura

ALS Al3 Al2
. LF 10GKHZ
11, 25MHz il O~=20Y |inp T Z00myvrma
o Sarpling CEvp-p B A I B .
Samoling »anh e Pig ol sarpliag = ELL 14
Pulsa pu= 5 Frequency janptind 5L ALC LEWEL
8y seak |} YTh . tontroller L iy
oea
Iz - 4L :
- b= 2, !
I
I
___l
e
i
Al 250 ~ SOOMHz . As3 250~ 50CHHz A% A7 A6 49 iLc :
I0OKHz Stap) 249498 MHz LIBaHz Steph | 1000Mz 1 o I0OGMHz F3 P |
Bl +2dBm | *3aBm o~ 20 +2dBm | PI p3 | —3dEm paj 30Bm | vot G| VF 100KAz I
s Lt in o N . R -
. | Summing v Frequency Sulectable Fraguency RE Dirociional Lanral -~y |
UTE Loon ck* o 2 oo , Lt Cha SOmurms |
i 250 S00MHE g soRR- onverter Filter DouhTay Bridge ckt pe Sanper |
+5dBm L Pl AlE II
w1 a7
250~ 500MHz  46dBm = o _}
L o —
S0~ | D0OMHZ —_UNKNWN IF fnpl./ 5 Phasu
I Vo b I MHI ! e ’ o TOOMH AN Prociss N T __ [Dztectar/
vr A30 tade sten) 200MHz " — 20dBm el b Hos T pieltF J00mume LioR 5y
H ' m convert
onaoy Programmahl e : +&dBm La3 50 lead] P2 Test L ToR| Test iF 5g  wDMVEFIET o zers signal oy
Dvider . 100MHz Clock w1 chennel - =1 a2 [ a
W VTG : oz Gencrator/ Sanpler
—(100-110k !
o T {100-1710K Hz}pl | Te A3 PI Npubler
TTL o E 19K Hz | 100 MHE
as Y Proqrammahle TTL | —3dBm
ﬁ' : Hwider :
d IL | CaBm : 4 1 L X ] 1
— ; ; i E : i i 3 ypical vaiuzs onlg
1o, SynthEs izer i i Hoto: Tndicated signal Tewvels are Ly Gl : Jf
phase  7r | 120KHz TTL I : {allow a difference of about 32d0 from the indicated
Diet: - ! , .
] ector aR — ! vaTuss from unit to unit).
= - To 21z {1R} :
] | 100KHz TTL ;
R EALAY |
From A.5P2 |
]
!

N 0PTION 002 ONLY e

ﬁ bota ) Waveform shown béicw i

ey

Figure 8-17. Signal Level Diagram.



Madef $191A Section VIl
Paragraphs 8-70 and 7-71

8-70. SIGNATURE ANALYSIS TEST

8-71. There are eight, independent, signature analysis test programs. The independent conliguration permits the
selection of one program to froubleshoot a partial section of the digital control circuit; thus, greatly reducing the time
required to troubleshoot a failure. The error message displaved on DISPLAY B determines which signature analysis
test program should be selected.

Switch 83, on the A2l board, is used to select the appropeiate signature analysis test program. The settings of the
8 bit-switches on A2183 are related to the error messages and the signatuse test areas of circuit as listed in Table &8-3,
Perform the troubleshooting procedures bepinning with flow diagram A in Figure 8-18 and follow the instructions
given in the flow diagrams. The signature analysis test setups used in the fow diagrams are listed in Table 8-4.

Bit assignments for A2183 are as follows:

LSB

ht OO R o —
[Vl
£

L

SHNELLLE

MEB

._.
I
w1
oy
s o]

Table 8-3. Selection of Signature Analysis Test Programs.

Error message Signature test area of circuit Bit switch setting
E20-E23 RAM (write) Q0000000 (0
RAM (rcad) 00000001 (1)
E31-E41 ROM (See Note 1N
E30 APU  (write) Q0G0 100 ¢ 4)
APU (read) 00000101 (5)
E60-E7I Analog measurement circuit control
(write) Q0000110 (6)
(read) 00000111 (7))
E72-E79 HP-IB contral
E&6 - E89 (listen) 00001010 (10)
{talk) 000010YE (1)
ESD - E81 Keyboard and external trigger circuits 00000011 (39
EB2 - E&S Interrupt reguest control 00400010 (2)
E90 - E99 Serial port 00001000 (8)

1: Set the third bit of A2154 1o 1.

[ )

Numbers enclosed in parentheses to the right of cach setting are the decimal equivalents.
3: Selection of the programs is possible anytime (it is not necessary to turn the instrument off).
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Section VI Model 4191 4
Figure 8-18

Digital Section Troubleshooting Using Signature Analyzer.

The advantage of troubleshooting based on "Signature Analysis" ds accuracy and
ease in finding failures. It is generally difficult to search for an error by
means of observing waveforms on an oscilloscope for the reason that bit trains
in a digital circuit seem to be much the same whichever 1s observed. Specifi-
cally, to find the errors in a stream of large bit size {or word length) data
takes much time and requives the use of an instrument such as a logic state ana-
Tyzer, Hewlett-Packard has proposed a method called "Signature Analysis" which
recognizes the bit pattern measured in a 4 digit hexa-decimal code (signature)
for running an easy diagnostic test program. With the Signature Analyzer (HP
5ODAA), the signatures are displayed 1in a readable 4 digit-figure set of aipha-
numeric figures (01234567 839ACFHPU)., The signature analysis is
based the usual signal tracing method followed in troubleshooting an analog cir-
cuit. According to signature analysis, devices in a digital circuit are checked
with the signal amalyzer by comparing signal input and output signatures to and
from each device for the "correct" signature denoted in the service manual sig-
nature map. [f a signature is not identical, the troubleshooter need only trace
the bit train in opposite direction to the signal flow and, when a device is
roted which generates an erratic signature despite a correct input, the com-
ponent may be regarded as faulty.

Signature Analysis for the 4191A

To perform signature analysis, the Model 16341A Logic Test Box and a test pro-
gram ROM, supplied with the 16341A, are required. The test box and ROM are
connected to the A21 (A23) MPU/Digital Control board of the 4181A to perform
signature analysis. There are eight (8) signature analysis test programs for
troubleshooting the individual circuit sections. To select the appropriate pro-
gram, a DSA (Data Stream Analysis) switch is provided on the A21 {A20) board of
the 4191A. Instructions for signature analysis test setups, selection of the
test programs, correct signatures and troubleshooting procedure are given in the
paragraphs following 8-70 and n Figures 8-18 and 8-19 in the form of flow dia-
grams.,

SIGNATURE ANALYZER TECHNIQUE

An active digital hand-held logic tracer coupled with an active pod {with four
miniature clip connection leads) is sufficient for detecting the test signal and
for development of the signature on the Signature Analyzer display. The active
probe has access to the desired node in the circuit being tested and transfers
this input data to the analyzer. The four input leads of the test cable active
pod connect the gate signals --- START, STOP and CLOCK --- from the instrument
being tested to the anaiyzer. The remaining lead is connected to instrument
GND. The START signal is an open "window" {measurement gate] signal which causes
the signature analyzer to prepare for receiving data via the active probe, The
STOP signal causes the window to close. The CLOCK is taken from the time base of
the instrument and permits receiving input data and gate signals in synchroniza-
tion, Polarity of the gate signal active (enable) edges {positive or negative)
can be selected by the front panel controls of the signature analyzer. Probing
points and connection locations of START, STOP and CLOCK leads are designated on
the troubleshooting flow diagrams,

Figure 8-18. Signature Analysis Guide.
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SIGNATURE ANALYSIS TROUBLESHOOTING FLOW DIAGRAM NOTES

The troubleshooting flow diagrams are constructed from a primary flow diagram which guides you to the
appropriate signature analysis test routine and the branch flow diagrams of the individual signature analysis
tests. The procedure given in the primary flow diagram A, is similar to the Analog and Digital Section
Isolation Procedure (Figure 8-15) and contains additional instructions on error messages, along with signa-
ture analysis troubleshooting details. Thus, it is necessary to perform the isolation procedure before starting
troubleshooting with flow diagram A. Find the branch flow diagram suitable for the error message symptom
using flow diagram A, then proceed to the pertinent signature analysis procedure in the secondary {low
diagrams, B through P. Abbreviations, symbols, and special notation used in the signature analysis test pro-

grams are explained below.

1} Characters enclosed in quotation marks “ 7 represent a
display on DISPLAY B of the 4151A.

2) The circled number 'mdicates the signature analysis test

setting listed in Table 8-4. Characters enclosed in brackets

[ ] are the correct signature anaivzer display output for
[U3991? the window test (signature for high level).

3} The probing point of the signature analyzer is A21 U48 pin
8. Characters enclosed in << > are the correct signature

analyzer display output.

4) Take the signatures using the setup listed. The example

shown at left prompts the following setup conditions:

[ S3  : Set A21S3 to 00000000,
Setup . . .
S3 . 00000000 84-3 : Set the third bit switch of A2184 to 1 (ON).

- $4-3 : 1 (on) WND : Connect the START and STOP input clip leads of
WND  : UL7-7 (C57) the signature analyzer to_AZlUl? pin 7 {to take
CLK - TP13 (1M) the window signal from CS7 signal).

START : £ CLX : Connect the CLOCK input clip lead of the signa-
STOP _\_ ture analvzer to A21TP13 (to take the clock from
CTOCK © % 1M signal).

| START, STOP. CLOCK : Set the signature analyzer front
panel controls (to select the slope of the trigger
edge) as follows:

START STOP CLOCK

£ x x

j._.. -
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Model 4191 A

Table 84
Table 84, Signature Analysis Tast Setups (window tests)

Setting Signature A2183 A2184 Signature Ana. gate signals Signature Ana. seifings | Window Note

number tegt urea setting setting | START/STOP | CLOCK START | STQP | CLOKK test
1 /O functions | 00000000 1:];‘;':1‘;] TPI7CWNDY | TPI3 (M) | X N
2 Address free run " $4-3: ON | TPZ (Al5) » A N | oo
3 ROM (U1) " N . | S ) saer
4 ROM (U2} " " u17 E’é“s 6? " " ” " »
5 ROM {U3) " " U”f(if‘sgf " ” ” " "
6 ROM (U} ” " Ut f(’fé ‘.:)] " z " " "
7 ROM (U$) " ” vy t’é“s:)z . " . . “
8 ROM (U6) . " U”(Pc‘“szlf . " . ”
5 ROM (U7 " " Ul?%é%%f " " " ” "
10 ROM (US) " " meci::%é)s ! ’ " i "
11 ROM (UH " " UIS%I—E) " " " " "
12 ROM (U10) . : U'Sé’é"s—]g) . : " " .
E ROM (U1 : . U“‘%"S—g . " . "
14 PE test " 84-3: OFF | TP17 (WND) " x| % N | U399
Is Window test ’ . HEn S |t | " " 5456
16 P2 test " " TP]7 (WND) | TP13 (1M) » " " UFP6
17 Display funciion n " " “ # " t USTF
18 RAM » " " " " " " 1UFP | 1
19 Interrupl function [ O0G00D10 i - " # " " 458 2
20 Keyhoard function ggggggi? . " " ” ” " " 93P 3
21 Ext. trigger function 00000010 " r " " » " 4058 2
22 APU 00000100 " " " “ " " Aasa6 | 2
23 APU " . tI37 Fl}ifl J3 TP26 (10M) " " " 0309
24 APU 00000101 | S4-4: ON | TP17 (WND) |TPE3 (IM) " " " DE4s5
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Model 4191 A Section VIH
Tahla 8-4
Table 8-4. Signature Analysis Test Setups (continued),
Setting Signature ANS3 A21‘S4 Signature Ana. gate signals Signature Ana. settings Window Note
number test area setting setting | sTART/STOP | CLOCK START | STOP { CLOCK | test
25 APU 00000101 | S4-4: OFF| TP17 (WND) | TPIi3 (1M) \_ \_ \ P10
26 Analog meas, control | 40000110 " " " * “ " F&86
27 Andlog meds, control | 00000111 " " - " " “ 378F
28 LOCK cireuit " " i " " " " "
29 Serial port G001 000 ” ¥ " " " * 1533H
30 HF-1B function 20001010 “ " " " " ” H9FP
3t HPF-IB function 00001011 " " it " i " 916U

Nates: 1. To run the signature analysis test program, momertarily connect A21VTPY (NMI) io the chassis

2. If the slgnature display for the window test iy wol identical to the iisted signature, perform the procedure described

in Note [,

3 Set A21S3 first ta QOO000L0, then 1o DO00001 1.
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SIGNATURE ANALYSIS TROUBLESHOOTING FLOW DIAGRAMS

A20 (A21) Microprocessor/Digital Control Board

Flow
Flow
Flow
Flow
Flow
Flow
Flow
Flow
Flow
Flow
Flow
Flow
Flow
Flow
Flow
Flow
Flow

Flow

Diagram A ... .. e 849
Diagram B .. ... .. e 8-30
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Diagrams B-3, B4 and B35 .. .... ... ... .. 8-53
Diagram B-T ... ... e 8-54
Diagrams €, D, D-1 and E .. _........... ... ... 8-55
Diagrams F and F-1 ... ... ... .. ... . ... ... 8-56
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Diagram G-1 oo e e e 3-58
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Diagram T ... . .. e e R-60
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Diagram L o 862
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Diagram N . e e 8-64
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Flow
Flow
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Section VII
Figure 8-18

Flow diagrom B
START

o Setup:

! L O0BOO000
54-3 c (0N
WND  : TP2 (AlSsig)
CLK @ TP13 (1M}
START © &
STOP © %
CLOCK : X

1= tiwe waveform VES

Are the test signatures
at TP30, TI*1 3 and TP2%
correct?

Setup:
54-3 . @ (0OFF)
544 10N

Remove AZ1T47.

(o to flow diagram B-1. oo b loww digeram B-2

Test signatures

Tr30 | 0001
TF13 | 0001
P29 | 0000

lsa dalu

8-50

al A2IUAT pin 1 oas
shown in Fig. 37

Observe the waveforms at A2
U4t piny 5 and 34 Compars
them with Fig. 4 and Fig. 3, re-
speciively.

Avre e waveforms
correct?

Chaock A2Z10446,

bus line (U464 pins 26
thry 333 stuck?

Troublashoot stuck node.

Go to flow diagrom B-1.

Check AZ10145 US4 und 155, Fig. 4

Signature set 1.

Meomentanly connect AZITPS
(FSTI to the chassis, then dis-
connert it Obweree the wave-
{form at A21U47 pin 19 with
an oscilloscone.

Fest poin with U10 withaut UTD
with ULT | without U131 with ULE | witheout Ul
U47 pin 18 (D0} | 0613 809 I5ES CF4H
pin 17 (D1)]  OPHH FH33 CAUA T9p4
pin 16 (23] 3804 91y 3822 P30
pin 15 (D3| 3396 £315 FIIF 31AU
pin 14(D4)| C368 4PUS OL7F U2PE
" pin 1305} UeCH UASE P97 7272
pin 12(D6)] 3CAA 33U (1244 FA3L
pin 1L{DT7}| ol4s F7HA CC24 rHCT ]

T the waveform
as shown in Fig, 17

1s the wavelorm
at A21145 pin § as
shown in Fig. 27

YLS

Check A21033, (43, U33,
1147 and U6E (DBE function ).

~@

Check AZIU4S and 1754,

3000z

Glny

L B
3

Figure 8-18,



Section VI

s AZILI40
pin 7 LOW?

Figure 8-15
. - Are ATIUAS
) . _{ Observe CLKe] und CLKE2 At {he waveforms Are A21U46 pins s 6. 18 LOW and 15 1he wavefonn NG Y5 the warzform -
Flow Jiageam B-1. START sianils a1 A21 TEIS and TF22, 2 shown i Fig. 6 and 2,4, 6. 40 HIGH and r;]:?:s';% ¥ e 33 st AZIU3T pin 1) as at A2TU37 pin 12 YES @
Fig. 7! pin 30 L H’IGH? shuwn in Fig. 87 shown in Fig, 87
Fig. 6 j
|
Fig. 7 —II it [l diagrarn B-3. o to flow digeeam B-4. Check for possible tailurs in
b0 [0S - 1he signafuze anabvzer. 1= an addsess )
. X YIe
\ b line {L46 pions 9 Trout ot sluck node,
thri 239 stuck?
Flow diaeram B-
Are A2 U40
a |- F |
L5 A2 1U47 pin 19 Rurmave A21U47. pins 26, 25 Low and Chock AZ1047 Fig, & [ 130ms |
HIGH!? pins 37, 2% thra 33 dhees AT 1AL sig) —! ,——|
Higa? Check A21146.
@ ] Ars A21TT37

ping 1 and |9 LOW?

Check AZTLIG.

Check AZ1T4E anad 1154,

Check A2184-3, CRZ and CR3.

Chock A1UST. Chesk A2LUIESR

Figure 8-18. A20 {A21) Board Signature Analysis Troubleshaoting Flow Diagrams B-1 and B-6.
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Section VIII
Figure 8-1%

Signature set 2, Signature sed 5.
Is signalure YES Is sigraturs Is sigmatugrs . o - with V10 | without Ti0 US7 pin 15 ¢C80) | CAll
Flow dizgram B-2. START set (3} correct? setiE) conser? st {B) correat fioto flow diagran B7. U26 pin 18 (D0 063 ST Fin 14 tCS1y | H7s%
pin17(D1) | OPHH FH3Z | pin 13 (052} | AJUH
pin 16 (D2 | 3804 uPI8 | o 12(C831 | AAsA
vin 15 (D3) | 3396 E pin 11(C84) | A711
pin la D4y | C368 4PUR pin 10(CS5) | 54Fs
N pin 13 (51 | UscH Uass | pin 9(C86) | 803C
ot flow dispram B-5. . Go Lo Now diagsam {5 I T3 06 '-\;CAA e W_-SQF
gg?\f;jp::::::t" Go o flow disgram -6, _“"pjn 11 (D7) 9145 F'HA ES p]EI_LC'Sgi_ =
pin 0 (0593 aTHH
Sipneture sets 3 amd 4, pin 9.{CS] 0] S6F8
pin TS0y | 54612
Ad. hus Set 3 Sedd Sianature
AlR U7 pin 11 3% pin 12 [E¥H]]
Ald pin 13 Rin i4 Signatire sur 6.
. s cavelarm A13 pin 15 pin 16
s :ll?11a:‘-n(\;;1‘:ngbi;:l"5 9 Troubleshont siuck nods, ks fjgwm“n_a 4 '.11[2\21&:37 Pjin g as Check AZIU 7 and LTTE, AR pin 17 i 18 U12pin 8 '-‘J‘? Am 0001 )
(hru 250 stuck? se1(7y sommst! shewn in Fig. 27 Y ]' ' rin 9 pin 8 pin 11{CAL) 00(”_
a0 pia 7 1 pin & pin_3J(CAZ) | 0001
_-'\ E] . pin 5 pin 4 | HIFPO
T Ak pin 3 pin 2 | 21070 Signature set 7,
Y AT [Ti6pin il | USGpinlz | HCBY T17 o | Tars
Chieck 421046, Chesk ATTU19 and V27, ‘J;:“knd\il}gigﬂfu ifﬂct?;) Y3, T T Al pin 12 pin 14| 35FY ez 3056
I H Al . pin 15 pin 145 U]‘Fllm_ pin 3 3527
. ]I l. A4 pin 17 pin 18 | DAFA pin 4 1ssP |
III:])EBE‘) _.,_,_E _‘_! T A3 ) pin 9 __])_1[1_3 SI121 pin g 0000
300n: &lins Az pin ?.__ pin 6 TFTE 118 rin 4 735U
Al P 5 pin (AN
TTao pin 3 | pin 2| 5333

Figure 8-18. AZ20 [A21} Board Signature Analysis Troubleshooting Flow Diagram B-2.
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Figure 8-18

Flow dlagram 13 Flaw diugsam B-4. Flow disgram B-5. START

Is the waveform N Isa {OMHz N
at A21LG pin 37 a5 claek pulse prosent at Check A2 IU5S, Ace AZIUAE pins 2, 6 Check AZLR20, R2$ and U6, Check 4310
shown in Fig. 77 AZ1UGS pin 107 IIGH and TP12 LOW? beck AZ1046,
s the wavetorm N2 s the wavelonm ) Use semp@ in Table %-4. Check ATTUSS,
at A21UI46 pin 3 as : | Check A21U64, US3 and L4, at AZ1UST pin 3 us Chect A21UST, Is A21U46 pin 4 ek A2 11135
(or TPEQT HIGE?

shown in Fip, 8% shown in Fig. 7°?

Signature sct %

Check AZIUZE and U8 If UZE pin 11 [ DOOO
15 signature set (19) correet? normal, check AZIU3I3, U4s, pin 12 | G000
= 0153, U7 and U6k (NRE funs -
15 the waverform N e 13 | 0000

— ir A21EMG pin 40

{or TPSYHIGH?

al AZIEP2S ax Check A21UGd. Check A7154-3,

shevn in Fig, 77

Check AXIUIS and CRI.

Check AZI L3 and 1134,

Perform  confirmation check Check A21 004, U353 and U44, Check AU, Chock A2LU4E and TA7,

for otlier error messapes. Fig. 6 _‘___[—1_

1
[0 LS Check A21026, 47 ond R13.

Figure 8-18. A20 (A21} Board Sfgnature Analysis Troubieshooting Flow Diagrams B-3, B-4 and B-5.
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Figure 8-18 Model 414

Enat: e ¥ e . - ~
Is signature set By 5 Is signatnie sel 33 sz serap (8] o Takls 5. ¥LE 14 sigmovies 2t 11)
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et 13 SeL L | Set |7 | Set1f
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pin 17 MDY 07T | BSPL | AEa |
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Figure 8-18. AZ0 (A21) Board Signature Analysis Trouhleshooting Flow Diagram B-7.
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Flow diagram C
START

Use setup (34) in Tabie 84,

Flow diagram
START

Flonw diagram D=1
START

Use setup (38) in Table §-4,

Checlk A21US0.

L143 pins &, 14, 16, 14

< (000 =1

1

50 pin 14

<5416 =7

Perform confinmation check
for other crror messages.

U43 pins 2,4, 8, 12
< U389 =7

Check A2152.

Check A21U43.

Stgmature set 20

U50 pin 2 3497
Us0 pin 4 ABRE

ey

Signature set 2

U48 pin 5 4P11
L48 pin 4 3144
U438 pin 3 TUPQ7

1s signature sot @

correst?

Iz signature sel @

correct?

Fiow diagram E

START

Use setup in Table #-1.

Check A21U50.

U43 pins 6, 14, 16, 18 NO

< UFPG =2

Section VII
Figure 8-18

43 pins 2,4, 8, 12
< 0000 =7

Check 42183,

Check AZ1145%,

Chueck AZ1043,

Check A21U46 and USS.

Figure 8-18. A20 (A21) Board Signature Analysis Troubleshooting Flow Diagrams C, D, D-1 and E.
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sction VIO
igure 8-18

Flow diggram F_
START

Use setup (17 in Tahle g4,

Flow diageam F-1.
START

Check AZEUBE,

Y&

Tz siznutuze sel (22.

corrscl?

Check AT1TI40.

Cheek AZ1044.

B signatare s:t@ YvERE

Bsrnaturs zet 22

10

U3E7

gRET |

\ir'} pin b
<009z =

G tu fow diagzear F-1.

Go e fow diagrar -2

Trouhleshars 422 board.

. T
Raler ta Figura & 14 Check AZbURS.

LA pin 4

aorrest?

58 pin 9

Chack A2ITISS,

Check 421072,

L2V =Y

Connect CLOCK inpat l2ad
the sipnature wmalyzer to A2]
TE14 (2M1,

15 signature set(s) ¥ES

Check A2LITIG,

Theek AZEUST,

Disconnest jumper W0 From
A1 boand.

ottt

Check A21UGD.

Rl

Cheek AJTTTZ

Thee se.luplil_'.‘;- in Table 2-4,

Siznagige st I3,

Signature sel 24,

Figure 8-18. A2D {A21) Beard Signature Analysis Troubleshooting Flow Diagrams F and F-1,

URD pin 19411 ] i UR rin 1 SAFR
Ul pin 2 (S4T1 | 0000 Ut1 pin 2 U
Wil pin 2 (5A3) LIy
VG0 piss & [SA5] | US7F

U2 pin 8
TAETA T

Chack AZ1UG1

Check 421072,

Check A1,

Mo



Flow diagiam I-2.

START

YER

U772 pin 12

<L RCIA T

Check AZIUR].

Go to flow diagram D-1.

Flow: Jiggram G.
START

Use sesup (18 in lable 8-4.

Momentasily connecl AZ1TPY
(NMT} ko the chassis, then dis-
cannect it

G ko flowe diagran -1,

Disconnect jumper W11 frem

A21 board.

Check A21TS7,

Chack AZ1UJa3.

12 pin 13
=l Al =T

Check AZ1T72

Check AZ1TG3.

Is signature set 5)
&

Is signature sl @

correst?

s signarury set ()

corract”

Golo How diagrae G-1.

Trounteshont
bius line,

shck

adnads

currect?

Section VII
‘Figure 8-18

Signsture 8=t 23

UL3 pin & (CADY | 7551
Ul pin 11 (CAT) | OH4F
(U133 pins (CAD) | L1448

Signalure sel 28,

U2z pin 15 735H
V22 pin 14 FR4E
U2 pin 13 Ha44

Signature set 26.

Napinl (A8) e §
pin 2 (AS) FEHU

pind (44 Farg
pind (A3 QDGH

Check AZ1IT13,

Check A43 board.

V22 pin &
ST T

pini (A0) | THCH
pin & (A1) | 1138
Tpin7 (AZ) | SAUG
pin 15 (A%) | 4PF%
pirt 16 {A%) | FC26
Fia L7 (ATy | 11880

Check AZIURZ

Check AZZSD Check AZIUZT.

Figure 8-18, A20 {A21) Board Signature Analysis Troubleshooting Flow Diagrams F-2 and G.



Section VII
Figure 8-18

Flow disgram G-1.
SIART

8-58

Comnect CLOCK input lead of
the signalure analyzer ta A21
TRI4 {2M).

TP

@ 7]  —
S I B I

Beconnact the CLOCK inpat
pf the signaturs analyzer to
AZITPL3. 3et switch AZ]
54-3 o 1 fondh

2t AZ1034 pin 4 a5 shown

Clieck AZIT035,

Reconnect the CLOCK input
to A21 TTL3 (1M

Check A21127,

Check AZ1U34

Chueck the RAM commsponding
to the eTror messane.

§s siznature scl @

correct? .

Signature set 27.

1s siznature sat (7)

U26 pin 1
< APGR =7

correit

Clheck AZIU2E and U9, IF
nomal, check AXILU33, Tds,
Ls3, sy and UGS (DBL
funclion).

Is signature set @ Check A21U45, US4 and U335,

vorrect?

Check AZ1U44,

Figure 8-18.

A20 (AZ1) Board Signatura Analysis Troubleshooting Flow Diagram G-1.

Mé pir 14 (MDD) § 2P46
pin 13 (M) | ASZE
pin 12 (MD2} | 2HT6
pHm 11 MDY | oUz

125 pin 14 (MD4} | 97635
pin 1306053 | 3568
pin 12 (Ma) | CTI00

o e
Check #2126, pin 11 (D7) | AD97
Signature sat 2o

U8 pin 11 In4y

VI pin 12 3649

2K pin 13 [HI0TY

Kignature =el 30
Uac i 5 (VMA}| 3PFS
Li4& pin 34 (R/W) | U782




Flow diagram H.
START

Flow diagram 11-1.

START

Use setip @ inn Table &-4.
*Rea Note.

*#*Note: If the signature dis-
play For the window test is not
40358, momentarily uvonnect

Check A21046,

AZ1TTPY (NMT) to the chassis,
then disermneact it

YES

71 pin 13

Flow diagram [1-2.
STAWT

<IHIPC 27

Check AZIUSG.

U7 pin 11
<6956 T

G to flow dizgram H-2,

U35 pin a

< CSEH =7

Check A21L35.

Theck AZIUTS

Check A21U7L

Check A21UA2,

Check A21CR4, CRS,

thru R33.

R31

Check AZ1US0.

N

U7lpinl

< SCHC =7

U pin 3
<< Q000 =

Check AZITTIL

Check tor possible failure in
the signuture analyecr.

Clheek A21U73

Check AZ1T6OZ

Check A21U049.

Section VI
Figure 8-18

L6 pin &
< AYEA =T

{heck the connection to the
16341 A,

Clhack AZIUGE.

Goto flow diagram L.

Figure 8-18. AZ20 (A21) Board Signature Analysis Troubleshooting Flow Diagrams H, H-1 and H-2.
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Section VIl
Figure 5-14

Fir dingram b

STaRT

Lism serue (35 in

B-60

Lt o
OCEM0KL
ars ALLLTL
il Zus disslay
tesl 1 nul

then Aoz

rO

YES

ek AL

Trounlasaout A2 Boar.
Bl b Figure &-19.

Check AllTIY

Chack AZ1LES.

134E pin i
5 O0Cy -

YLE

U~1 pin | R

< N0aEp Y

Chesi ATITME

1 ik

Chenck a2 1UT

Chanck AZTL

ok AZIN4-5

Check ALLLAE

Lhezl

AR

andopins 11,

NG T

TEH

7L pin g

[T

(L

Fres:
Hi:LLY zey
Franl pamz..

nold the RANGE

o the 4914

woli Ihe nameri:
yoen the 41204 Tt

Check A71U07 1

Prezs and hold the CALIKEA
TS kzy e the 1% LA Dl
parsl

Clack AZ10E2

Figure 8-18,

A20 {A21) BEvard Signatura Analysis Troubleshooting Flow Diagram |,




Flow diagram J. st selup @ in Tabile B-d,

BLART

o MaTe,

fHute: BF the signalure dis
play tor the window (231 is nat
A03E, muw
A21TPS (ML
then Sisconnest i,

Chask A2 D40

Gt (o diggrar: 1110

Check AZIL4S,

Flow diagram K. sz @n
START hall

0 Tahic §4
*Hee Nate,

*plate: [I ihe signatore dise
play lor the wimlow Lest is nt
4545, mamentumly conmeci
ATITEy (FMD e the chasis,
ez disecnoect i,

Check AZITITH.

@ —am L setup @ in Tallz 5-4.

3% pin 1%

3% pin

L
=1

sz setup () 16 Lable b-4.

Check AZITED.

Coeele A2IUET.

Ust selup (2 w0 Tahie f-4

Clieck A2TLST.

Iup () in Tahle d-4,

Check A2l wnd B4,

Creck A0S0,

Checx AZTURS.

Check A21U53

Figure 8-18.  A20 |AZ21} Board Signaturs Anafysis Trouhleshooting Flow Diagrams J and K.,

T39 pin 17

Theck AT,

Uheck 2210

Cliesk AZL

and L34

Seclion W0
Figure 8-18

861



Section VI
Figure &-18

Signature ser 31,

1idt pin = P
ping EETS
pin 4AFL
. _ o R YES o
: ull.l.{gram L Lt seian 85 in Tble £, s siguatuze sel {34 pen L0 11393
SFART - —_— — —
RN pin L2 AR
nin 13 HiP?

Signatury set 32,

Chesk ALY, Cheek AZILSD2 ek A1 sk AL, Chack for possiklz 1ailieme in .
o Ihs 18341, U4 pin 2 DS
iy . - . - S
= pas o thaak aZ1L7 pi s [
mun ? 1T77
pin 1O HAEZ ¢
pinI2 5657 ;
pin L5 4435
Check AZ1US] .
Signature a2t 33,
L pin 7
i
UM pin 3 121 pdn 17 rin 10
1% pin & < [FUES =7 < 1d33 T (]??c:‘\:{: 10&:1[11 ulur.'?& al A2l ik & Y] 1E —— __|1i;|“| |
S A2 AT and pin & ard pin 14 VZ0 pin 3 with an nzzillnzcope. Cieck 4211030 — .
w845 ] EN pin 12
pin 13
e id
pin 15
Check A21U62, Chiegk AT I1715 Check AZ11L40. Cherck AZTUZLL ek AZIT e Ao diagia T-1 Clkck A2 TULE and 54, Uheck AT _
signature szr M.
Y P
LI50 pin 7 FESt
pin ¥ Fage
pin 10 SEIC
win 11 Fage |
pin I2 Allas
pin |3 Fain
pir 14 Edd 3
i 15 FRE&

Figure 8-18.  AZ20 {A217} Board Signature Analysis Troubleshooting Flow Diag L.
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Flow daapram L-1.
START

U149 pin 2
< BH71 =7

32 pin &
< F2H =7
and pin &
L0 ST

131 pin 5
< 406 =7
and pin

< TREQ =T

UGS pin &
< A0 21

1i2] pin ¥
< AR T

¥E3

13 the eTror Message
E-G0, E-fil or E-027

Section VI
Figure 8-18

Check A1),

Check AZ1U3E

Check A21U19

Check AZ1T122

Check A21L30

Check 4211708

Check A21021

Cheek 21040,

Tlse sefup @ in Table 8-4.

Flow diagram M.
START

Usz setup (26 in Table 5-4,

Cheek for possible failure in
the 163414,

Check AZ140,

Check AZ1082,

Figure 8-18.

Signature sel 35,

U31 pin 10 FOi00
. pin Ll SFCT |

pin 12 FoAQ

pin 13 3095

¥Note: Thissignature isunique
to the type of the [C A2 T3]

H32H iz alsoa correct signature.

Perfonin confirmation  check
far other error messages.

Check AZITSRL

A20 {A21) Board Signature Analysis Troubleshooting Flow Diagrams L-1 and M.



Section VI
Fipure 8-18

Flow diagram W,
START

(352 selup (2 in Table 8-4.

8-64

Is signaturne g2t @u

correct?

Ts signature sel

YES

Check AZTTISE.

Check A2115Y9 and Usid,

Figure 8-18. AZ20 (A21} Board Signature Analysis Troubleshooting Flow Diagram N.

Is signature sef (33

vorrect?

Clisck A2 LUGY and U7

Sipnature sel 36

U9 pins 4
and 6 < 6ECI =7

Check A21TGS.

Signatore set 37,

1634 1A,

Check For passible failure in the

Signature sct 38

U0 pin 7 03sH
T e ors?
pin10 | 2pC3
pin 11 __AZAR

pin 12 49HU |
pin 12 CH24
pin 14 TCHR
Us9opinT | A270
pin @ " Tacec

pin 10 224_;_.“

65 pin 2 GPF1 US8 gin 2 5725
pin & 4519 pin 15 1908
Ceinlo | SER  pinl0 0912 |
pin 12 CTHC pin 7 H3IUA
1170 pin 2 1040 pin 95F7
pin 4 ! 1cea
pin & 5 ICEF
pin & 377 ]
pin 10 9FAS
[ pini2 C74H




FIGLA Section VI
Figures §-18

Sienasure seds 49 and 43,

~ | 525 40 Sel 43 Signature
Flow diapram . Use setup (38) 3 Tabic %-4, Ls signaturs 3ot 3 YES Ts mgnusuee sel 45 VES e sipnature set G5 @ MlE fALi it
AR il . : - "
T correct? cereet? vurresl Bl rin b4 HsFd
pin & PP
NO R S
e pin 3 | U7 pm 2A08
Sugmariice 4 35, } T B I3 pin 4 SN
— — Check tor possibls fakae in the it“:;l‘]' f:r possihle failure o the Chesk A21074, Check A2IUGN. pin 5 P & ZA‘TJ_.S“
Uit pind 7207 15111 A, AR pin 1! pn L0 3143
pLe & NEN ) Caeck AZ1TI7H, Cheak Azl LAS
pm & T
pin 12 1CP3 Slanature gel 41,
pin 14 207 -
Teie n 10F9 L1 pin £ Cust
A 1 ! Coan
pin 18 2m pall o
Check AZTUET. Clieck A2 [U5E, pin 13 Psiaa

Signatun: get 42,

174 pin &
pin [0
| pin 14

Signatune el 44

VAT pim B
<< B8P
and pin 12
< U =7

VL&

I sipatute sel (23 Iz signature sed (3d) [2 sipnmature sed (A

e dc dlow dingram F-1,

; a .
Grriget? correct? correct?

175 pin 15 L
pin 7 316w “LH9?
: i ; i 40
T €ha sk fuir pugsinle Tailare in the , I - . A “Mpte: The signatuees  wilh win 10 Pra o
Chick AZITIET. TE3AT A Che sk AZEUYS amd Ut Check A2 Chisck AZLLITS astariaklsl ar: umique o he pin 14 AEE
aype of the H7AZLLRA (minar

fCheck ARITUTE, 7T and DAS. ' ' r
chanpes inplzmanred in fhae B2

chiph, Adne of tha bwa sipna- Siematurs st 35,
tures listed should appeac in )
ke 1es1. 1075 pan 3 36 11159
pin 11 PN
. . B pir: 13 &Y PP
Chesk iz powsible Tailure i the - . "
PGEN]A

Figure 8-18,  A20 {A21) Board Signature Analysis Troubleshoating Flow Diagram P.
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Section VII
Figure 8-1%

Flow diagram P-1.
START

. < OH7T3 =7 164 pins 27 o USE =T wl 1U2TE =7
Use setup (37) in Table 84 _ .
se setup (3) and pin 11 and 28 * < 8PA9 T and pin 12 and pin 10
< A9P5 =7 w0 GPRY Y <3PS =T

7S pin 3
< PPF9 =T
and pin 13

U753 pin §

#1220

See Noto,

Chavk Por possible failure inthe
16341 A,

Chack A21U66 and UT5.

a7 pin 19

US pin &

Cheek A21US7,

Check A21075 and Ugs.

U75 pin 2
< PPFY 27
and pin 14

*n o (GO0R2 =0

YES

2 321H>
#* o 3AHE -

Check AZ1 UGG,

Is signature sed @

correct?

Is signature set -@

corect?

8-66

** < 60P2 27

T 32IH >
** 2 3ALS =

YTiS

Check for possible failure in the
16341 A

Check A21Us6, Check A21U48 and U47.

Check A21U74,

Check A21U75, Check A211R6,

Figure 8-18,

@

Signalure szt 46,

U77 pin 2 ACID
pin 14 10019
pin ACLO
pin 10 1CUS
U76 pin 2 TF93
pin 14 FFTA

pin & *Pa01 #1418
[ in e FETA

Sianuleere set 47,

U77 pin 3 ACIO
“pin 13 1CLY
pin § AC10
T ein1l [ icue
UTepind TFY3
pin 13 FF7a

pin 3 *PROL *7418
pin 11 FF7A

*Mote: The signatures  with
asteriskisd arz unique to the
type of the 1C A21UGH (minor
changes implemented in the IC
ciip), One of the two signa-
fures listed should appear in
the test.

A20 (A1) Board Signature Analysis Troubleshooting Flow Diagram P-1.




Sectiun VLG
Figure 4-19

Flow iegla r 001

Semap
wal L TFIT M
B SLIRTY

A2ITED

EE'S

/ Signulire s30 28, b e s
Tl dlapga G

19 pan | Toner | 22 pinn 3
g . . -
o kind 3407 C o pind

pin ) o pin 1=
805,

B
Sigrirturs ¢

Cueck AZ2ULY Cleck AZIUT S and K12 Clwuk AL Check 422110 1Z5 pin £
sel I, R - )
o 11 TIE

=

b signature sl (0

IMA

e

S 1L front
i flskering,

pizndl

v Mo dizgraze T

e pnalane analzres.

FigraeuTs el S5

aluzs sl 30,

[T 3

[ rin
mar. 4 _r:i.rL_. N

pin 11

TES

R i N : : AipraneTa el Sh.
@ ls sl ot 53 3 vignaturs L ot sat 3 WEs 0 10 o diageaim 5. s
et L ET
HLEGs

Sianature sel 57,

Checs AT dheck A2

e A220127

U1 pini i

Uk allliio pun

(2]

_ ..
R ?

Rle.

Figure 8-10.  AZZ Boand Sighatore Analysis Troubl ting Flow Diagram C.




Section VI
Figure 8-1Y4

15 sigmalita: st ()

15 signallioe act

satrect?

15 sipriatuns sei (30

aormest”

Ts signetun: set {8

v fect!

Is siznature et G0

Sagnutore at SH Sizauture set 61

docs nol light.

Treele AZZTZ] the U4, RS
tthru Rl aod dhe LELF which

“Are the wars [arms
at A2ZLR] and P2
Az sown in Fig 107

YF&

Check AZZ112

Chack ATTTES

Thevd A2205 and BRI

Chzzk

A2ANG and RI3.

Chieck A22UL0.

Check A%

Tlorw dragram 3,
SIaART

1z sigmature st

[ERTCNE

8-68

15 syrmacure set (@

costeri?

aturs st L

g

carrect!

Cleck A2ZEl luv B3 and Lae
LET whivh drez ot fjghr.

Check A2ILTE

Caend AZZU T and R13.

Theel AZIE

Chezk aznl7

Figure 8-12.

Eignaturs sct 8a,

Kignuture ser b5,

gin 11
T pin L4 T1tgin |
|7 ena gind
puz 13 Fins
pin 1% un ﬁ .
pin Y
pin 12
SipnaTLe FL Az ) Fin 13
17 PETe] pin 19
[~ TEIF
" fone
pin 1# PRIE
pin L¥ YoiF

A22 Board Signatura Analysis Troubleshooting Flow Diagrams B and 8.

Ul pin § IThA R nEas | VIS pin 2 [Ts
oI | [ ez OPFA TE [ sFhe |
16 pia 3 i __'-_'ﬂﬁr\ .”-.pin 3 A329
F1TE | eind ST i 9 U99F
h ABD3 pin 12 HIAT
el | i 15 YT
SHIF pin 16 STl
=6 ™ U0 pin 1% S3pH |
204
IFEL |
i 11 1207 |
Lawnature set 0T
| I3 pin 2 sILIL
SKiginatues sot 30 .- pins UL3L
m‘rin © PULF Fin 16 V22 nin 9 i1
- P L7 P20 oin 12 00ET
[ ninls | S&FH |
pin 16 0493
Signgture sot G i 19 Hza0)
ICIEE TFUC )
[ wina P33A
pm ’ TFad



Secton VIl
Tugure £:19
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T
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aLIF
Ly

Signalure st o,

[ 15 ISk

Rl Hnik

Lz o (o dingran -1 Tnack AZiUE : J' Tr [ETs

Clvcy A0S Chiestk, 32200,

KR,
s Line whiczh is =lo

Trau

I szl 20 () ek AS2L

sorpecl

Eignarine aul ol

1A pin 2 “Hyt

pin 3 SEAN
’ L2a7

TFY (DM
1k MAFE
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AN TE
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CO00 TEU

Check 222114

+1 the chusis Rar'c'w: rlhe shatt lend
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[5 signature =
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T sl

Clxeek the Malfunziicenzs fe
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Chuck A2015. herk 3220019 Cpeck X0 Theck AZZUIE

Figure 819,  A22 Board Signaturs Analysls Troubleshesting Flow Diagram T.



Section VIl )
Paragraphs 8-72 to 8-76

8-72.

REPAIR
WARNING

BEFORE PROCEEDING WITH REPAIR. BE SURE
THAT THE INSTRUMENT 15 DISCONNECTED
FROM THE POWER LINE.

8-73.

8-74.

A21 MICROPROCESSOR DIGITAL CONTROL
BOARD, AND A43 BATTERY AND CHARGER
BOARD DISASSEMBLY.

Fo iroubleshoot or replace a component on the

A2l Microprocessor Digital Control board or A43 Bai-
tery and Charger board, perform the following procedure:

a.

Remove the two feet Jocated at the left and right
corners of the top cover.

Fully icosen the fop cover retaining screw located
at the rear of the instrument and it off the top
COver,

Loosen ihe two fasteners located al the corners
(front side) of the top shield case. Tuming the
fastencr 90 degrees counterclockwise unlocks
the top shizld case,

Fully loosen the screw located at the center of
the case,

Raise Lhe top shield case from the [ronl and con-
tinue uniil it comes to rest on the rear frame,

8-75.

8-76.

Model 4191 A

Loosen the [our setews securing the shield plate
at the bottom side of the top shield case and re-
move the shietd plare. The A2l board is inside
ithe lop shield case, The Ad3 hoard is located 1o
the left of the A21 board,

If it Is necessary to temove the A2l board, dis-
connect all the cables from the beard and re-
move the efeven screws securing the bosrd. To
remove the Ad3 board. remove the three screws.

A22 DISPLAY ARD KEYBOARD CONTROL
BOARD DISASSEMBLY.

Tao troubleshoot or replace a component on the

AZ2 Display and Keyboard Contral board, perform the
following procedure;

i,

Remove the two feet located at the lelt and right
rear corners ol the top cover.

Fully loosen the top cover retaining screw located
at the rear of the instrument and Hft the cover off,

Carefully temove the top irim strip from the
frant frame {use a screwdriver to it out the trim),

Remove the two right-mast screws from the lop
side ol the front (rame.

Remove adhesive-backed tnim strip from left side
(near the ON/OFF switch} of the front frame.

an

®

8-70

Figure 8-20.

A22 Display and Keyhoard Control Board Disassembly.



Model 41914

Remove the two screws,
Stand the instrument on end.

Remove the two right-most screws from the
bottom side of the front frame (do not remove
the two screws near the UNKNOWN terminal
deck).

Disconnect the flat cable @ {shown in Fipure 8-
20) from the socket @ on the A22 board.

Carefully push the back of the A22 bhoard for-
ward ; the front panel assembly will come out.

Remove the eleven screws ((3) through @3 in
Figure 8-20) securing the A22 board to the front
panel.

Cable ciomp

Section VHL
Paragraphs 8-76 10 8-78

8-77. AZ3 POWER SUPPLY BOARD DISASSEMBLY.

8-78.

To adjust, troubleshoot or replace & component

en the A23 Power Supply beard, perform the following
procedure;

d.

Remove the four screws securing ihe A23 de
power supply assembly plate located on the rear
panel.

To facilitate access to the components on the
A23 board, unfasten the cable clamp shown in
Figure 8-21 (by removing the retaining screw).

Lay the dc power supply assembly on the work-
ing desk as shown in the figure,

Figure 8-21.

A23 Power Supply Beard Disassembly.

8-71



Section VI
Paragraphs 8-79 and 8-80

8-79.

8-80.

A9 DIRECTIONAL BRIDGE BOARD DISAS.
SEMBLY.

To troubleshoot or replace a component on the

A22 RF Directional Bridge board, perform the following
pracedure:

a.

b,

Turn instrument upside down.

Remove the four screws from the bottom of the
UNKNOWN  terminal deck and remove the
bottom cover. The directional bridge assemmbly
is located inside the terminal deck as shown in
Figure 8-22.

Unsolder and disconnect the purple and orange
colored Jeads {labefed (1) and (3) in figure) from
the terminals on the assembly.

b

Model 4191A

Risconnect the SMC connectors (3). (4) and (5).
Disconnect the nylon connector ().

Remove the three screw (7), (8) and (8) securing
the assembly shicld box to the terminal deck.
Carefully lift the directional bridge assembly up
and ouf,

Remove the six screws retaining the shield plate
of the assembly (three of the screws, labeled @
@) and (3, are shown in the figure). All the
components on the A9 board are easily accessible
after removing the shicld plate with the heater

module (i3) ),

From A25 42

R3

872

Figure 8.22. A8 Diractional Bridge Board Disassembly,
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8-52.

PRODUCT SAFETY CHECKS
WARNING

WHENEVER IT APPEARS LIKELY
THAT SAFETY PROTECTIVE PRO-
VISIONS HAVE BEEN IMPAIRED,
THE APPARATUS SHALL BE MADE
INOPERATIVE AND BE GSECURED
AGADNST ANY UNINTENDED COPER-
ATION, THE FPROTECTION IS
LIKELY TO BE COMFROMISED IF,
FOR EXAMPLE:

-- THE APPARATUS SHOWS VISI-
BLE DAMAGE.

-- THE INSTRUMENT FAILS TO
FPERFORM THE INTENDED MEAE-
UREMENT.

-- THE UNIT HAS UNDERGONE PRO-
LONGED STORAGE UNDER UN-
FAVORABLE CONDITIONS.

-- THEINSTRUMENT HAS SUFFERED
SEVERE TRANSPORT STRESS.

The following five checks dare recommended

to verify the product safety of the 41914 instrument
(these checks may also be done to check for produet
safely alter trouhleshooting and repair}. When such
checks are needed, perform the following:

1,

Visually inspect interior of insirument for any
gigns of abnormal internally generated heat,
such as discolored printed circuit hoards or
components, damaged insulation, or evidence
of arcing. Determine and remedy cause of any
such condition.

Using a suitable ohmmeter, check resistance
from instrument enclosure to ground pin on
power cord plug, The reading must be less
than 0.5 chm. TFlex the power cord while
making this measurement to determine whether
intermittent discontinuities exist.

Check GUARD terminal on front panel using
procedure (2},

Disconnect instrument from power  source.
Turn power switch to on. Check resistance
from instrument enciosure to line and neutral
{tied together),  The minimum acceptable re-
sistance is two megohms. Replace any com-
ponent which fails or causes a failure.

Check line fuse to verify that a correctly
rated fuse is installed.

Seciion VIl
Paragraphs 8-81 and 8-82
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Section VIO
Figure 8-23

8-74

Nao,

HP Part Number

Description

04191-61621

Flexible cable, red, 25em long

04191-61622

Flexible cable, blue, 12cm long

04121-61607

Semi-rigid cable, 11cm long

04193-61608

Semi-rigid cable, 11 cm long

Figure 8-23,

SMC Connector Cables,

Model 4191 A



Maodel 4191 A Bection VI
Figure 8-24

A4d HP-1B Connector 440 PC Bias Supply  Ad1 Analog Recorder Quipai A4 Programmable Swi
] : tch Control
{04262-66503} (04121-66540) (04131 66531} (04]91%66504]

A3t Programmahle Divider

A17 Phasc Detector
{Opt. 002) (4191665 31)

fA-TD Converter
(02191-66517)

A30 VTO (Opr. 002)
{(04191-66530)

A6 IF Amp.Process

A mphifier
{0419 5-665 16}

A32 Summing Loop Circuit
{Opt. 602) (04191-66532)

A28 Heater Controller
{04 19]-66525)

A33 VTO (Opt. DO2)
(04191-66533}

ALl Test Channel Sampler
(04191-66511)

AL VTO (04191-663501)

A LG Heference Chunnel
Sampler
(04191-66510)

A2 Programemalle Divider
{D4191-86502)

Al5 Sampling Pulse A3 Bynthesizer Phase Detector
Clencrator (04191-66503)

(04191-66515)

A13 PLL Sampling
Frequency VTO
(04 191-66513)
ALS Clock Generator [Doubler
[04191-66518)

A12 PLL Sampling Controtler AT Setectsble Filter A6 Fre .
guency Doubler A% Freguency Converte
(04131.66512) (04194 -66507) (04191966505) (0419]%6582) onverter

Figure 8-24. Assembly Locations.
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Section VI
Figure B-25

Model 41914

P/Q

§CW
—

TE I

|ﬂ——

+ ¥

Encloses front panel
Fart of. |:1 designations.

R r-———" Encloses rear panel
Knob control. N | designations.

Screwdriver adjustment.

Circuit assembly boarderline.

Asterisk denotes a factory selected value.  Value shown is typical
part may be omitted.

Heavy line indicates main signal path,
Heavy dashed line indicafes main feedback path,

Wiper moves towards CW with clockwise rotation of control {as viewed
from shaft or knoh].

Numbered test point. Measurement aid provided.

Denotes wire color code. Code usled is the same as the resistor color
code {e.g., 9.4,7 denotes white.'vellow/violet},

Indicatas direct conducting connection to earth,
Indicates conducting connection to chassis or frame.

Indicates circuit commeoen connection,

B-76

Figure 325, Schematic Diagram Notes.
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Section VIIT
Figure 8-26

8-78

START

Do both RF outputs at AlP]

and P2 have the following YES
level ? bt
AlPL : +2+2dBm
AlP2 . +412dBm
NO

Check the VTO circuit using
step 3 of the circuit operating
test procedure.

15 the output at A1P1 correct?

YES

SRR

NO

Check the A1U1 Limitter Am-
whifier.

ls the ouniput at A1P2 correct?

YES

¥

Check the A1U2 Limitter Am-
plifier.

Is the dc voltage at ALTPI
-30+03V7

YES

NO

Is a VT{) signal present at the
base of A1Q37

YES

Model 4191 A

Check A10Q5.

NO

Figure 8-26. A1 VTO Board Troubleshooting Flow Diagram.

Check ALQT and Q2.

Check AJQ3 and 04,
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A1 VTO CIRCUIT OPERATING TEST

Circuit operation of the Al VTO is checked using the procedure outlined below:

Setup:

Set switch A2182 as shown below: g2

LR ]| ns |
Rl ==
=
i
-
=)
=
1

QFF

. L

» £

N

Section VI

1. Be sure that the two shield plates housing the VTQ circuit on the Al board are firmly secured and that all

screws are in place.

!\)

DC voltages at AITPI and TP2 showld be -9.9V (£0.3V} and -9.7V {20.5V), respectively.

3. The upper and lower frequency limits for each of the nine ¥VTO frequency bands are checked using the follow-

ing procedurs:

Setup:

Connect a frequency counter to A1P2? and a spectrum analyzer to AIP!. Remove the A3 board. Con-

nect a dc power supply, controllable from { volts to 20 volts, to AITP3.

Set the SPOT [requency in accordance with the table below. Verify that the frequency counter readout satisfies

the test limits given in the table when the dc power supply output is swept between 0V and +20V, and that no
abnormai spectrum display, due to parasitic oscillation, appears at any VTO frequency.

VTGO Frequency Band Test

SPOT frequency VTO frequency band i Al Vv t\i_T(? Vf'rcgi]‘u;r;iya VTS0V
S00MHz A 300 — 450MHz < 440MHz = 502 MHz
450MHz B 450 — 405MH:z < 400MHz > 452MHz
400MHz C 405 — 372MHz < 365MHz = 407 MHz
350Mliiz D 372 — 340MHz < 335MHz = 374MHz
320MHz [ 340 - 315MHz < 310MHz = 342 MHz
300MHz F 315 - 294 MHz < 290MHz = 3laMHz
280MH:z G 294 . 278MHz < 275MHz > 295 MHz
270MHz H 278 — 204 MHz < 261 MHz = 279MHz
260MHz 1 264 -- 250MHz < 24TMHz 2 264.5MHz

If the minimum or maximum oscitlation frequency at a specific frequency band does not meet the test limit

values, shift the connection point of the appropriate frequency band switch diode (A1CRI through CE8) on
the PC board pattern inductor as illustrated below:

poogoong

Frequency band switch diodes

™

8-79



Section VII
Paragraphs 8-83 and 8-34

Model 41914

Shifting the connection point 1mm to the left (in the figure) lowers the VTO frequency by about 1MHz and
shifting to the right increases the frequency by sbout 1IMHz. If the maximum frequency at A band is not higher
than S02MHz, decrease the capacitance of A1C22 {from 4.7 pF to 3pF).

If parasitic oscillation is shown on the spectrum analyzer CRT, adjust AIR16 untd it disappears.

Nore:

The voltuge levels of the VIO frequency bund selection signals are given in the fable heforo:

VTO Frequency Band Selection Signals

Voltage VTO frequency band
check point A B C D E F G H 1
Af 8L + + +
| 7L + + +
6L + + +
5L + + +
41. + + + +
iL + + +
2L + +
iL +

Y indicates + 3.8V, all athers are =33V,

4. The output signal levels at A1P1 and P2 should satisfy the following test limits at all VTO frequencies:

Pl +2
P2: +4¢

Neate:

3-83. A1 VTO

8-84. The resonator circuit of the VT is composed of
the capacitance of the reverse biased varactor diode CR9
and the distributed inductance of the PC board pattern
L% The 250MHz to SO0MHz oscillation frequency range
is divided into nine frequency bands selectable with diede
switches CR1 through CR8. The varactor diodes used as
the switches come on with a lower resistance than the
typical resistance of general switching diodes when for-
ward biased by the band selection signals (inputs A to H).

8-80

These levels are measured using a spectrum unalyvzer which has an input impedance of 509,

Fach frequerncy range of the selectable frequency bands is
shown in the Al board schematic diagram. When all the
diode switches are oft, the resonator circuit is set to the
lowest frequency band (250.0 to 264.0MHz). The tuning
capacitance of the CRY vasies with the tuning control
input voltage Vr so that the oscillation frequency locks
to the value set by the microprocessor. The dual gate
FET (Q2) circuit employs positive feedback without
lowering the high Q of the resonator circuit and causes
the oscillator amplifier Q1 to continue oscillation.
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Figure 8-27. A1 VTO {250.500 MHz} Board Assembly Component Locations,




Al

VTO (250~500MHz) (P/N 04191 ~£6501)

_ Section VI
Figures 827 and §-28

—— VOLTAGE TUNED O0OSC — =

LI~LS :0.m
RI~ R9 : 220
2 LI CIO~CIT @ 1000P *—r
FE4.1 H "
ET‘E.DMHZ Fram A4 12R] > BL 1 £ % l Lo Loz
a9.01 c28 Oule f 750 a2
Q.01
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INDUCTANCE |

Figure 8-28. A1 VTO {250-500MHz) Board Assembly Schematic Diagram.
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Section VIII
Figure 8-29

START

8-82

Is the voltage level at AZU2
pin 5 low?

NO

¥

Set the SPOT frequency to YES Is & square wave similar to the YES
250.1MHz. Is the frequency f———msl one at A2U4 pin 7 present at fec—im
of ithe square wave at A2U4 T3 pins 3 and 67
pin 7, }/10 or 1/11 of the fre-
: 2P1?
quency at A2P1] NO
NO
Check A2LI5.
Check A2U4.
Table A.
U9 and U10 pins
ic
3 4 5 ¢ 0] 11 |12 ]13
U9 0 0 1 0 1 1 1 0
i 1 0 ] 1 1 1 1 0
0; 0V 1: +4V

Set the SPOT frequancy to
253.0MHz. Compare the bi-
nary output states of A2U9
and T10 with Table A, Are
their cutput states correct?

NO

¥

Are A2U10 outputs correct?

NG

Check A2U9.

Check A2U10 and U111

Figure 8-28. A2 Programmable Divider Board Troubleshooting Flow Diagram.

YES Is the voltage ievel at A2U1| YES s ejther of the voltage levels
pin 6 low? at AZ2U1 pins 1, 2,4 and 5 low?
NO NO
L
Check A202. Check AZUT.
YIS Is a pulse wave present_ at pin YES
————d 15 of each programmable 7= Check AZU11.
counter A2US, U7, UG and US?
NGO
\
Check the decade counter that
does not generate an output
pulse,
YES

YES

Check A2UL.

A1 -

SEE INSIDE
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A2 PROGRAMMABLE DIVIDER CIRCUIT QPERATING TEST

Circuit operation of the A2 programmatle divider is checked using the procedure outlined below:

Setup: Set switch A21S52 as shown below: 52

1.

I

8-82

OFF oM

Connect an oscilloscope to A2TP1. The pulse waveform observed on the oscilloscope CRT must have the time
intervals and peak voltage shown below:

—-l |-— 0.2 ~ Qdus

f
I_l 24~ 38V
_ i

|l 0us =

If the PLL frequency synthesizer (consisting of Al, A2 and A2 boards) has not been locked at the normal

frequency, the pulse cycle period will not be F0us, but will still be between 5Sus and 20us. H the pulse signal
does not appear or if the cycle period is outside the normal value range, the programmable divider is faulty.

Note:  This test presuppuoses that the ouiput frequency of the AT VIO is within the normal 250MHz and
SO0MHz range.

To verify whether or not the frequency count-down operation is accomplished using the correct divisor {pro-
grammed), perform the following:

Measure the frequencies of the signals at A1P1 und A3TPI with a frequency counter. Verity that the following
relationship exists between the measured frequencies and the SPQT frequency setlings:

Ji = /10N (MHz)

where, 7, is the frequency of the signal at A3TP1.
Jf> 18 the frequency of the signal at AIPI.
N is the SPOT frequency setting in MHz,

Set the SPOT frequency in accordance with the table below and check that the measured frequency f; is
correct for all SPOT frequency settings:

100MHz step 10MHz step 1 MHz step 0.1 MHz step
500.0MHz 480.0MHz 498 OMHz 499 8MHz
400.0MHz 440, MHz 494, 0MHz 499 4MHz
300.0MHz 420.0MH= 492 0MHz 499 2 MHz
410.0MHz 491 OMHz 499 1 MHz

Nate: If the frequency af AIPI is unstable, connect the outpul of an external signal genergtor to A2P1 (in
place of the SMC connector cable) and compare the frequency at AITPI(J; ) with the signal gencrator
output freguency  f; )
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Section VIil
Paragraphs 8-85 and 8-86

3. If it is necessary to perform a complete operating check for all the possible divisors, reconnect the SMC con-
nector cable to A2Pl and sweep the test frequency automatically from 2501 MHz to 500.0MHz in 0,1 MHz
steps. If an abnormality occurs, the frequency sweep operation will stop at that particular frequency point.

4. [f the programmable divider causes a self oscillation to occur, check for increased impedance of the common
line or dc power line on the board (due to a [ailure in the by-pass circutt),

Note:

When an oscilloscope probe is applied 1o a desived check pofni, the input capacitance of the prabe may

distort the pulse signal being observed, and as o vesult, the dividey circult may not funcrion normaliy,

8-85. A2 PROGRAMMAEBLE DIVIDER

8-86. The programmable divider circuit counts down
the frequency of the VTO signal by the number set in the
Serial to Parallel Decoder (U9 and U10). The divisor data
1s serially transferred to U9 and U110 where it is converted
into parallef data and output to U5, U6, U7 and US.

U5 through U programmable counter [C's receive the
program inpui data (number between O to 9) synchro-
nized with the CP input pulse. When the preset program
number is X, the counter IC counts 9-X cycle periods of
the input signal and outputs s pulse when counting is
complete. Actually, the preset program number for each
digit counter is the complement {that is 9-X) of the
requisite frequency count down number X (when the
sequired frequency counft down number is, for example,
3456, the preset program data for the counter is 6543).
Accordingly, the counter output frequency coincides
with the result of the required frequency count down
operation. Since the required frequency count down
numbers are from 2500 to 5000, the preset program data
includes numbers from 4999 to 7499.

The programmable divider functions in the following
manner:

1} After the ftens, hundreds and thousands counters
reach 996 counts, divisor data is set in the pro-
grammable counter IC’s while the U2 ternary
counter does three counts. As the U4 prescaler is
operating in decade (+10) counting mode at this
time, 30 cycles of the VTO signal advance the
ternary counter by three counts. The +10/+11
prescaler counter divides the frequency of the in-
put signal by 10 when one or both E4 and ES in-
puts are HIGH. When both inpuis are LOW, the
frequency is divided by 11.

21 After the divisor data is set, the prescaler begins
dividing the frequency of the input signal by 11.
Assuming the required frequency count down
number N to be 1000A + 100B + 10C + B, the
prescaler output pulse advances the U8 units
counter by D counts. During this period, the
total cycle number of the VTQO output signal is
DX 11

3) The units counter automatically resets itself and
disables input count until new program data is
entered into the counters. Simultancously, the
prescaler returns to decade (+10) operating mode.
Then, the tens, hundreds and thousands counters
advance by the following count:

{(100A+10B+C)—D —3

The total count number N of the programmakle divider
is thus the sum of the cycle number of VTO signal in
steps 1), 2) and 3) and is caleulated as follows:

N=30+1tXD+10
x{(100A+ 10B+C)—D - 3}
= |000A + 100B + 10C + D

As indicated by the above equation, the actual divisor
of the counter coincides with the required frequency
count down number of the preset data,

8-83



Section VI Model 41914

A3 SYNTHESIZER PHASE DETECTOR CIRCUIT OPERATING TEST

Circuit operation of the A3 Synthesizer Phase Detector is checked using the procedure outlined below:

Setup: Set switch A21582 as shown below:

§-84

52

oFF

on

Connect an oscilloscope to A3TP2. A TTL level 100kHz square wave must be observed on the oscilloscope
CRT.

The waveforms of the signals at 7R and 8R (edge connector of the board) should be similar to that at TP2.

Connect a frequency counter to A3TP2Z. Use the 1M input of the frequency counter and set the frequency
resolution to 10Hz. Frequency counter readout should be 100.00kHz =1 count.

Set the SPOT frequency to 250.1 MHz, and then to S00.0MHz. The de voltage at TP3 should agree with those
listed below:

SPOT freq. setting Voltage at TP3
250.1MHz +2£1.5V
500.0MHz +18£2V
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Section VIII
Figures 8-30 to 832

START

Are sipnals at AFTP2, U4 pins
8 and 10 a 100kHz square

wave?

NO

ls signal at A3US pin D a
100kHz square wave?

NO

Is signal al A3U3 pin 14 a
10OMHz square wave?

YES

1s signal at A3UG pin 9a iMHz
square wave?!

Check A3TI5.

YES

Connect A3TP3 to | circuit

YES ; de volt i A3SUT pin 14| YES
E’S\;P‘O ge 2 P | Is de voltage at A3 (1R} +23V?
NO NGO
Check A3Q1 and CRI. Check A3CR3.
YES
Check A3U4,
NO
- Check A3U3.
NO - - i NO
Is signal at A3UG pin 11 a - Check A3Q2.

10MIIz square wave?

YIS

Check A3U6.

¥ common (chassis). Are the

signals at A3U1 pins 5 and [0
as shown below?

I
0.2~
I\ L § 0av
‘ :“ --’ I_U_,E,us
i H

s

YES

NO
i

CHECK A3U].

Figure 8-30. A3 Synthesizer Phase Detector Board Troubleshooting Flow Diagram,

Check A3U2 and CR2.
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Figure 8-31. A2 100KHz $tep Programmable Divider Board Assemnbly Compenent Locations.

Figure 832, A3 Synthesizer Phase Detector Board Assembly Component Locations.
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Section VII
Figure 8-33

A2  100KH: STEP PROGRAMMABLE DIVIDER (P/N OHSI-86502) _ .. . A3 SYNTHESIZER PHASE DETECTOR (P/N _04I9(- 66503}
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Figure 8-33. A2 100kHz Step Programmable Divider Beard and
A2 Synthasizer Phase Detector Board Assemhbly Schematic Diagrarm.
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Section VII
Figure 8-34

8-88

START

Is de volrage at A4TPLl and
TP2 +4V and -25V respective-
Iy?

NO

Check A4Q1, (2 and CRZ2.

L YES

Perform step 1 of the function-
al tesl procedure. Does the Ad
hoard pass test step |7

NO

YES

Check A4ULA, U3, U§, N1
and 3. To isolate a faulty
component, compare the in-
pits and outputs of U8, Ult
and Q3.

Perform step 2 of the function-
al test procedure. Does the Ad
board pass test step 27

YES

Check A4U2, U7, U9, U10
and Ull. To isolate a faulty
component, compare the n-
puts and outputs of U7, 19,
and TJ10 and U2,

Perform step 3 of the function-
al provedure. Does the A4
board pass test step 37

NO

YES

Check A4UIB, U4, U6 and Q4
throueh (7, Toisolate a faulty
component, compare the in-
puts and outputs of U6 and
Q4 through Q7.

Check A4U35 and CR4 through
CRI11.

Figura #-34. A4 Programmable Switch Control Driver Board Troubleshooting Flow Diagram.
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A4 PROGRAMMABLE SWITCH CONTROL DRIVER FUNCTIONAL TEST

Section VHI

Circuit operation and the functions of the A4 Programmable Switch Control Driver are checked using the procedure

outlinad below: a2

Setup: Set switch A2182 as shown below: s e

| W |
= | 2

OFF A= JK

1. Set the SPOT frequency in accordance with the table below and verify that the filter switch driver output

signals {at edge comnector pins 6R through 10R on the A4 board) have the voltage levels given in the table:

SPOT Output signal level

frequency 6R | 7R | 7R | 8R | B8R | 9R | 9R

10R | 10R

1.0MHz +

50.0MHz +

B0.0MHz +

100.0MHz +

150.0MHz +

200.0MHz +

300.0MHAz +

500.0MH:z

600.0MHz

Nore: "+ indicares #5V (~12V at 6R only), all others are -1 V.

2. Set SPOT frequency in accordance with the table below and verify that the VTO switch driver output signals

at edge connector pins 2R through 6R on the A4 beard) have the voltage levels given in the table:

SPOT Output signal level

frequency 2R | 3R 3R | 4R | 4R | 3R 5R

6R

250.0MHz

265.0MHz +

280.0MHz

300.0MHz +

330.0MHz? + + +

350.0MHz +

400.0MHz +

440.0MHz

U [T R

S00.0MIz

Note: "+ indicates 3.2V, afl nthers are -25 V.
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3. Set the SPOT frequency in accordance with the table below and verify that the frequency converter switch
driver output signals (al edge connector pins 4L through 0L on the A4 board) have the voltage levels given in

the table:
SPOT Qutput signal level
frequency . | 4L | sL | SL | eL | 7L | 8L | 8L | 9L | SL | 7L
1.0MHz. + |+ | uw | H | H | L |H|H]|@®
50.0MHz T H | H | L | L | 1] U |1
80.0MHz. + H I H L L H L
200.0MHz + L H H L H H L
300.0MHz + H H H H H H L
600.0MHz + H H H H H H L

Nate:  Symbols in the table are as follows:
H : TTL open collector High level (+3.8 10 5.0V
L+ TTL Low level,
(H): TTL High level
o F30F0 X0V
blank . -2V

4. Set the SPOT frequency in accardance with the table below and verify that the de voltage at AATP3 meefs the
test limits given in the table,

SPOT DC voltage at TP3
frequency Typical value Tolerance
520.0MHz ' - 32V
550.0MHz - 4.0V
580.0MHz - 4.8V
600,.0MHz - 5.5V
650.0MHz - 65V
730.0MHz - 8.6V 0.3V
800.0MHz - 9.8V
S0{3.0MH= -114V
950.0MHz -13.8V
500.0MHz + 3.8V

850
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START

Perform steps 2 and 3 of the
circuit operating test proce-
dure. Doecs the A5 bourd pass
test steps 2 and 37

YES

N

|

Performn the same test for one
of the frequency rangss given
in step 4. Is the test result
normal?

YES

Perform step 4 of the ecircuit
operating test procedure. Are
all the test results normal?

YES

NO

NO

Check A5(] and Q2.
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Check ASQ3, CR1, CR2, CRY,
CRI10,CR13 and CR14.

Is the test result normat at the
first frequency range?

YES

Check ASCRI1 and CR12.

NO

|

Is the test result normal at the
second frequency range?

YES

NO

Check ASU2 and CR20.

is the test result normal at the
fourth frequency setting?

YES

Check ASQ7, CR4, CR5, CRT,
CR8 and CR21.

NO

Check A3Q4, U3, CR15,CRI16
and CR17.

¥

Is the test result normal at the
third frequency range?

NO

YES

is RF signal level at E1 pin 7
approx. -104Bm?

NO

|

Check AU and CR18.

YES.

Is signal lavel of 200MHz clock
at ASF1 pin | approx. +6dBm?

NO

Check A5Q8, CR19and CR22.

YES

Check ASEL, (5, O6,CR3 and
CRa.

Figure 8-37. A5 Frequency Converter Board Troubleshooting Flow Diagram.

Check A5Q9.

.A 4 Programmable Switch Control Driver:

SEE INSIDE
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Ab FREQUENCY CONVERTER CIRCUIT OPERATING TEST

Circuit operation of the AS Frequency Converter is checked using the procedure outlined below:
Setup: Set switch A2182 as shown below: sz

392

ar

Connect a spectrum analyzer to ASP2. Set the SPOT frequency to 1000MHz and 500MHz. Verify that the
fundamental spectrum level on the spectrum analyzer CRT satisfies the test limits given in the table below:

. SPOT Test limits

TEqUEncy

1000.0MHz >~ 5dBm
500.0MHz < -20dBm

Note: The difference berween the spectrum levels af 1000.8MHz and 500.0MHz should be greater than
IndBm.

Connect the spectrum analyzer to ASP4. Remove the A12 and Al6 boards.
Connect AS(5L) to circuit comman to disable ALC. Sweep the test frequency from 250.1 to 500.0MHz in

2.0MHz steps using the following control settings.
START FRE(Q: 250.1MHz
STOP FREQ: 500.0MHz
STEP FREQ: 2.0MHz
Verify that the following conditions are satisfied at all the frequency points:
1) Fundamental spectrum level is greater than ~-6dBm.
2) The difference between the maximum and minimum values of the fundamental spectrum level is less than

8dB.
3} The low order harmonic spectrum levels are less than -55dB below the fundamental.

Remove the connection between AS(5L) and circuit common. Apply +i10V to AS(SL) from an external
de power supply. Re-perform frequency sweep. Verify that the attenuation of the fundamental spectrum level
is greater than 10dB when compared to the level obtained in step 2.
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Section VI

4. Using the same procedures as outlined 1 steps 3 and 4 (only the frequency control settings are different), per-

form the test for the ather test frequency ranges listed in the table below:

*Note:

Freq. Frequency control settings
range START STOP STEP
] - 125.1MHz 250.0MHz 1.0MH>
2 62.0 MHz 125.CMHz 1.0MH=z
3 32.1MHz 62.5MHz 0.5MH=z
*4 | 1.OMHz 32.0MHz 0.5MHz

The high order harmaonic spectrum levels showld be less than =20dB from the fundamental.

If the difference between the maximum and minimum levels of the fundamental exceeds 8dB, check the

by-pass capacitors used at the emitters of ASQ3, Q5, Q6 and Q7. If the low order harmonics are greater than
the test limit, ASUT, U2 or U3 may not be correctly disabled.

5.  Connect the frequency counter to ASF4 in place of the spectrum analyzer. Set the frequency counter resolu-

tion to 1kHz. Remove the external d¢ power supply and connect A5 (5L) to circuit common. Set the SPOT

frequency in accordance with the table below and verify that the [requency counter readout is within the test

limits given in the table.

SPOT frequency

Test limits

250.0MHz
125 1MHz
125.0MHy
62 e MHz
62.5MHz
32, 1MHz
32.0MHz
1.0MHz

250.000MHz
25 100MHz » 210 counts
125.000MHz
62.600MHz
62,300 MHz
32 100MHz [ £1 counts
32.000MHz |
1.000MHz J
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8-87. Ab FREQUENCY CONVERTER

8-88. The frequency converter develops a 1MHz to
SO00MHz  signal the VTO signal {(250MHz to
S00MHz) using frequency dividers and a mixer. These
cirenits, which make up the frequency converter, are
properly switched and are interconnected in different
configurations for each of the fallowing frequency
hands:

from

1} 25001 to 300.0MHz
23 1251 to 250.0MHz
3y 626 to 125.0MHz
4) 32.1 to 62.5MHz
5) 1.0 to 32.0MHz

Selection of the appropriate frequency band is made
by the diode switches at the nput and output stages
of those circuit sections. Each diode switch comes on
when it is forward biased by the switch contral signal.
These control signals are denoted as SS, =8, X28, +28,
+45§, +88 and SMIX on the AS hoard schematic diagram.
The frequency dividers are, when nof required by the
selected frequency (band), disabled by the +2E, +4E
and/or +8E control signals. The circuit operation at each
frequency hand is outlined below:

1y 250.0 to 500.0MHz
The SS control signat turns the CR13 and CR2
diode switches on {(CR14 and CR1 are off). The
VTO signal is amplified by Q3 and the buffer
amplifier (Q1 and Q2), then output without con-
verting the frequency.

2)  125.1 to 250.0MHz

The =8 control signal turns the CRIS5 and CR4
diode switches on (CR16 and CRS are off), and
the +28 signal turns the CR21 diode switch on,
The +2E (=2ENA) control line goes LOW o
enable the U3 frequency divider. The frequency
of the VTO signal is divided by 2 (125.1 to 250.0
MHz} by 3. The output signal of U3 is trans-
mitted o the buffer amplifier Q7 and then to the
output butfer amplifier (Q1 and Q2).

3) 626 to 125.0MHz

The +8 control signal turms the CR15 and CR4
diode switches on {(CR16 and CRS are off), and
the +45 signal turns the CR20 diode switch on.
The +2E and +4E control lines go LOW to enable
the U3 and U2 frequency dividers. The frequency
of the VTO signal is divided by 4 (62.6 to 125.0
MHz) by the series connected U3 and U2,

4y 321 to 62.5MHz
The +8 control signal turns the CRi5 and CR4

8-94 diode switches on (CR16 and CRS are off), and

Model 41914

the ~88 sgignal turns the CR18 diode switch on.
The +2E, +4E and <8E control lines go LOW to
enable the U3, U2 and Ul frequency dividers.
The frequency of the VTO signal is divided by 8
(32.1 tc 62.5MHz) by the series connected U3,
UZand UlA.

5) 1.0 to 32.0MHz

The +85 control signal turns the CR15 diode
switch on, and the SMIX signal turns the CR22
and CR3 diode switches on. The +2F contro! line
goes LOW to enable the U3 frequency divider.
The output of U3 (half the VTQ signal frequency)
is fed to the Q8 buffer amplifier and passes the
250MHz LPF to ecliminate undesired harmonics
from the signal. At this frequency band, the VIO
provides frequencies in the range of 402.0MHz
and 464.0MHz. Thus, the frequency of the signal
applied to the El mixer is between 201.0 and
232.,0MHz. The other input of the mixer, sup-
plied from the Q9 buffer amplifier, is the 200
MHz output from clock generator on the A8
board. The E1 mixer simultaneously outputs the
sum (401.0MHz to 432.0MHz) and difference
(1.0M to 32.0MHz) of the two input frequencies.
The 35MHz LPF at the output stage of the mixer
filters out the unnccessary high frequency signals
and allows onky signals between |.OMHz and
32MHz to be output to the pre-amplifier (6 and
Q35). Because the diode switch CR21 is off, the
output signal of the U3 frequency divider does
not appear at the input of the buffer amplifier
{Q1 and Q2).

Nore: When rhe measurement frequency sefting
is above 300 1MHz, the %285 coatral
signal turng the CR 12 diode switch on to
transmit the VTO signal to rhe A6 Fre-

gquency Doubler,

The ALC signal contrels the attenuation factor of the
modulator (voltage controlled attenuator)y circuit to
maintain the amplitude of the measurement signal at a
constant level. The modulator utilizes PIN diodes CR7
through CR10 and CRI19 4s variable resistance elements
to control the attenuaiion in response to the ALC signal
voltage (dc). When the amplitude of the measurement
signal decreases, the ALC voltage shifts to a lower level
{towards 0V). The ALC current flowing through each
PIN diode decreases causing the ESR (equivalent serics
resistance) of the diode to increase. Thereby, the signal
in the modulator is attenuated by a lower factor, and,
consequently, the measurement gignal is maintained at
norma} amplitude. Similarly, the ALC circuit suppresses
(increases in the amplitude of the measuremment signal)
by decreasing the resistance of the PIN diodes (a greater
ALC current flows through the individual diodes).
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Figure B-38. A5 Fraquancy Converter Board Assembly Component Locations,
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500.2MHz to 1009 MHz)?

NO

Check AsQ5 through Q9.

Figure 840. AG Frequency Doubler Board Troublesheoting Flow Diagram.

. A 5 Frequency Converter

SEE INSIDE
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AB FREQUENCY DOUBLER CIRCUIT OPERATING TEST

Circuit operation of the A6 Frequency Doubler is checked using the procedure outlined hetow:

Setup:  Set switch A2182 as shown below: sz

Remove the A12 and Al6 boards. BRF . Gy

|3

896

Connect A6 (3L) to circuit common to disable ALC. Connect a spectrum analyzer to A6P1. Sweep the test
frequency from 500.2MHz to 1000.8MHz in 2.0MHz steps vsing the following contrel settings:

START FRE(: 500.2MHz
STOP FREQ: 1000.0MHz
STEP  FREQ : 2.0MHz

Verify that the following conditions are satisfied at all the test frequencies:

1) Fundamental spectrum is greater than -7 dBm,

2} The difference between the maximum and minimum valvues of the fundamental spectrum level is less than
8dB.

3} The sccond harmonic level is less than -30dB below fundamental.

3) The spectrum levels of the low order harmonics are less than ~-40dB below the fundamental.

Remoave the connection between A61{3L) and circuit common. Apply +10V to A& (3L) from an external dc
power supply. Re-perform frequency sweep. Verify that the atfenuation of the fundamental spectrum level is
greater than 15dB at all test frequencies.

Set the dc voltage at A6 (3L) to OV, Set the START and SPOT frequencies to 500 0MHz. Verify that all
spectrum levels on the CRT are less than -50dBm.

If the fundamental spectruem level is less than -7dBm at specific frequencies, check whether or not the voltage
tunable filter has the appropriate pass bund in response to normal tuning voltage input. Using a higher resist-
ance for AGR3 increases the ALC attenuation ratio and using a lower resistance for R2 increases the output at
A6PI.

Connect an external signal generator to A6P3. The output signal level of this signal generator should have a flat
frequency characteristic (£0.5dB) over the IMHz to 1000MHz range. Set the output signal level to -20dBm.
Connect the spectrum analyzer to A6P4. Vary the signal generator frequency from 1MHz to 1000MHz and
verify that the fundamental level on the spectrum anaiyzer CRT satisfies the following test limits:

Test frequency Test limits
1.0 -~  SQ.0MHz -10 £2dBm
50.1 — 600.0MHz -~ 8 +2dBm
600,1 — 1000.0MHz - 7 +3dBm

Harmonic spectrum levels should be less than ~30dB below the fundamental. If a suitable signal generator is
not available, check the power amplifier gain using the procedure outlined in step 5. If the A6 board fails this
test, refer to the note given at the end of step 5.
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5, Connect the spectrum analyzer to ATP3. Reconnect the SMC connector cable to AGPI. Swéep the fest fre-

quency from 1.0MHz to 1000.0MHz in 2MHz steps to verify the input signal frequency characteristic at A6P3
{set the SCAN TIME of the spectrum analyzer to 0.2 seconds/div and store the spectrum display on the CRT).

Connect the spectrum analyzer to A6P4. Reconnect the SMC connectar cable to ATP3. Re-perform test fre-

quency sweep and verify that the following conditions are satisfied at all test frequencies:

1y Amplifier gain (measured output signal level at A6P4 in reference to the input signal level at A7P3) is with-

in the test limits given in the tabie below:

Test frequency

Test limits

1.0 - 50.0MH:z 10248
510 — o00.0MHz 12 +2dB
602.G -- 1000.0MHz 13 £3dB

2) Harmonic spectrum levels are less than ~<30dB below the fundamental.

Note: If the amplifier gain frequency response exhibits an abnormal peak value af 1000MHz, check for a

parasitic resonance caused by an improperly secured shield plare. Capacitance vafues of A6CS, Ch and

C7 may be selected to optimize the amplifier frequency caompensation. [f harmonic distortion of the

amplifier output Is excessive, change the values of A6R24 and R2E to lower the distortion.

8-89. AS FREQUENCY DOUBLER

8-90. The frequency doubfer consists of a transistor
full-wave rectifier and 1 voltage tunable filter, The 250M
to S00MHz input signal yields a pair of the signals, which
are 180° out of phase with each other, at the cutputs of
the T1 transformer. Thus, the Q& and Q7 transistors
alternately drive the class “B” bias amplifiers composed
of Q8 and Q9. As the outputs of the Q8 and Q9 ampli-
fiers appear only dusing the positive half cycle of the
respective inputs, and are summed at their common
gollector lvad, the output waveform is a full-wave ree-
tified sinusoidal signal. This output contains the primary
spectral frequency component, which is double the input
signal frequency, and many harmonics. The veltage
tunable filter allows only the component of double the
frequency to pass through the filter network and eli-
minates the undesired harmonics from the rectifier
output. The distributed inductances of the printed
circutt pattern lines (denoted by the rectangular symbols
in the schematic diagram) compose the LC [ilter network
in conjunction with the capacitances of the varactor

diodes (CR4 through CR2). The band pass frequency of
the filter iz set by the VF tuning control voltage applied
to the varactor diodes, and concurrently changes with
the control signals for selecting the VTO frequency
bands. Hence, the appropriate filter frequency is auto-
maticalty set from among the nmine frequency bands
related to the individual VTG frequency bands. The PIN
modulator varies the attenuation of the filter output
signal in response to the ALC cutrent through CR2 and
CR3. This keeps the amplitude of the measurement
signal almost constant at the 500 to 1000MHz region.
The wide band power amplifier (Q1 through Q4) has a
12dB voltage gain over the entire measurement fre-
quency range. Ql and Q2 of the two stage amplifier each
employ a multiple parallel connection of the emitter bias
resistors to raise the high frequency performance timits
by reducing the residual inductance present in the emitter
circuit. The €S and C7 capacitors connected in parallet
with the emitter bias resistors are used as peaking com-
pensation to optimize the frequency flatness at fre-
quencies near 1 GHz.,
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A7 SELECTABLE FILTER CIRC\IT OPERATING TEST

Circuit operation of the A7 Selectable Filter is checked using the procedure outlined below:

Setup: Set switch A21S2 as shown below: 52

8-98

Connect an external IMHz to 1600 MHz signal generator to ATP1. Connect a spectrum analyzer to A7P3,

Set the SPOT freguency to select the fitter frequency band to be tested in accordance with Table A. Sef the
signal generator output to -6dBm and the output frequency to the ten frequency points listed in the table.
Read the fundamental spectrum level on the spectrum analyzer at each frequency. Check that the attenuations
of the fundamental level, when compared fo the signaj generator output level, satisfy the test Himits at all test
frequency points listed in the table.

Notes: a Perform the fest on the frequency band relaied to the channcl filter circult being repaired or 11 the
perfarmance test that failed.
b. For the test at filter frequency hand 9, connect the signal generator ta A 7F2.
c. Keep the signal generator output level constans with the level control of the insfrumernt.

Verify that the difference between the maximum and minimum attenuation at the frequencies below the filter
roll-off frequency is less than 4dB. The filter roll-off frequeney is identical to the SPOT frequency setting.

Table A. Selectabie Fiiter Circuit Operating Test.

E;i% fres(fﬁls}]‘cy Signal generator frequency (MHz)
] 45MHz 1.0, 8.3, ¥5.7, 23.0, 30.3, 37.7, 450 | 67.5, 90.0, 135.0
2 65MHz | 45.0, 4¥.3, 51.7, 55.0, 58.3. 61.7, 65.0 . 97.5, 130.0, 1950
3 G0MHz | 650, 69.2, 73.3, 77.5, 1.7, 85.8, 90.0 135.0, 180.0, 270.0
4 125MHz | 90,0, 95,8, 101.7, 107.5, 113.3, 1192, 125.0 187.5, 2500, 375.0
5 175MHz 125.0, 133.3, 141.7, 150.0, 158.3, 166.7, 175.0 | 262.5, 330.0, 525.0
6 250MH: 175.0, 187.5, 200.0, 212.5, 225,0, 237.5, 250.0 | 375.0, 500.0, 750.0
7 370MHz | 250.0, 270.0, 290.0. 316.0, 330.0, 350.0, 370.0 } 555.0, 740.0, 1000.0
8 S00MHz | 370.0, 391.7, 413.3, 435.0, 456.7, 478.3, 500.0 | 750.06, 1000.0

S00.0, 555.6. 611.1, 666.7. 722.2, 777.8. 833.3.
2 T000MHz 1 coe 9 0444, 1000.0 -

Attenuation < 8dB ' > 40dB
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A7 BOARD TROUBLESHOOTING GUIDE

The A7 board troubleshooting procedure is described below:

Section VHI
Paragraphs 821 and 892

1.  Perform the circuit operating test procedure to identify the (ilfer channel on which the symptom appears,

Check the filter circuit of the defective channel.

2.  Check the diodes related to the defective filter channel. If the symptom appears only at [requencies above

500.2MHz or betow 300MHz, check ATCR20, CR21 or CR22.

8-91. A7 SELECTABLE FILTER

8-92. The selectable filter consists of 4n eight channel,
passive LC Tilter network, cach with a different roll-off
freguency as shown in the schematic diagram. The
filter channels are avtomatically selected by the diode
switches depending on the measurement signal frequency.
When the measurement frequency is, for example, 100
MHz, F125 contrel line goes BIGH and turns on the CR3

and CR30 diode switches in the 125MHz [ilter channel.
This filter channet is selected for frequencies between
90. 1 MHz and 125.0MHz (the other {filter channels are
also selected in the same manner). For frequencies above
500.1MHz, the voltage tunable filter on the A6 board
achieves the required spectral purity of the measurement
signal, Thus, signals at this frequency region pass through
the A7 board without heing fiitered.
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Figures 841 and 847

Section VHL

AB Frequency Doubler BEoard Assembly Component Locations,

Figure 8-41.

=LT=

8

P 0 — —EID-
-t

Figure 8.42. A7 Selectable Filter Board Assembly Component Loeations,
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START

Perform step 1 of the circnit YES
operating test procedure. Is the f— - Check A1SCR2,
output pulse at A15P1 correct?

NO

L i

Is the output pulse at A15P2 | YES

3 St Check A15CRI.
correct’

NO

Is the amplitude of the pulse .
, . YES

at the emitter of AL3Q1 {or - Checl ATSCRI.

Q2) approx. 8 Vp-p?

NO

Check Al3Q1 through Q6 us-
ing the waveform illustrations
given in step 2 of the circuit
operating test procedure.

Figure 8-44. A15 Sampling Pulse Generator Board Trouhleshooting Flow Diagram.

A 7 Frequency Doubler
A E! Selectable Filter

SEE INSIDE
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A9 DIRECTIONAL BRIDGE CIRCUIT OPERATING TEST

Circuit operation of the A9 Directional Bridge is checked using the procedure outlined below:;

1. Disconnect the lead from the bias input terminal of the A9 board. Measure the dc resistance between the bias
input terminal and the UNKNOWN connector center conductor with a DMM,

Caution: Be careful not fo damage the precise contact surface of the UNKNOWN connector.

The measured resistance should be within 705 and 100§, Verify that the resistance between the following
terminals safisfies the required conditions:

Test terminals Condition
Bias input — A9P6 > MR
Bias input — A9P| > 1Ma
Bias input — Shield case > 1M

[

The operating performance test at RF region requires another 4191 A_ Proceed as follows:

a} Remove the A% assembly module from the instrument being tested.

b} Perform auto-calibration of the second 4121 A over the entire frequency range.

¢} Connect ASP2 (UNKNOWN) on the A9 board assembly, removed in step a, to the UNKNOWN connector
of the second 4191A. Terminate A9P6 using the 5082 termination and the SMC to APC-7 terminal con-
verter. Measure the reflection coefficient { [['[-#) at frequencies from 1.0MHz to 1000.0MBz in 50MHz
steps. Verify that the measured I values are less than 0.10 at all the test frequencies.

A9 BOARD TROUBLESHOOTING GUIDE

The AS board troubleshooting procedure is described below:

Measure the dec resistances of the circuit components mounted on the A% board with a DMM. [fa measured value
is different from the value indicated on the circuit schematic, replace that component,

Repair notes;

1.  When replacing precision resistor R3, cut the leads of the replacement part to the same length of the leads on
the old part and re-mount in the exact same position. Be careful not to allow excessive solder to remain on
the leads soldered to the PC board.

2.  When replacing an SMC connector, be careful not to allow excessive solder to remain on the center conductor
soldered to the PC board.
Rl R2

Bigs inpw terminal

Pl [bottom: side)

Posister
heatets

‘RF DIRECTIONAL BRIDGE
F& - P2{top side }

R3
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A10 AND A11 SAMPLER CIRCUIT OPERATING TEST

Circuit operation of both the A10 and Ai1 Sampters is checked using the procedure outlined helow:

1.

Observe the sampler output at A10 pin (T0) with an oscilloscope. A 100kHz LF signal should appear with an
amplitude of about 30mVrms (150mVp-py on the CRT. When a low measurement frequency (about 1 MHz) is
set, the sampler cutput is a sinusoidal staircase wave because of tow frequency operalion of the sampler. To

perform the test for the A3l sampler, use the same procedure used to test the ATC sampler,

Meagure the dc voltages at the biss input pins of the sampler IC with 1« DMM. If the measured voltages differ
significantly from the values previously set by the adjustment, the sampler [C may not be operating normally,
Normal bias voltage levels are

+BTAS ;. 1.20V 1001V

- BIAS : -1.20V 2001V

Measure the de voltages at the B, 8. C and F. B pins of the sampler I1C,

O O
Typical values of the measurcd voltages are as follows: | | I | | I
: _ il ] | Lemias
Check point Voltage BSC ~-BIAS
B 53059V F.B
5 0 to 3V
C B to 9V

If a measured voltage is not within the nominal value range, the sampler [C may not be operating normally.

Note: The dc paramerer checks are not sufficient for festing critical operaling performance but are an effect-

ive means of identifying clrcult operating abnormalilics.

A10 AND A11 BOARDS TROUBLESHOOTING GUIDE

The A10/A11 board troubleshooting procedure is described below;

1.

Measure the de voltage at the “S7 pin of AT0U1 {or ALTUL). Tf the measured voltage is not within 0.5V and
23V, check A1OUT] (A LI,

If the sampling diode bias voitage can not be adjusted, or it the bias voltage will not stay af the adjusted vaiue,
check A10UL (A110U1).

If no IF signal appears at A10 (All} pin 10, measure d¢ bias voltages of A1Q (A11) Q1, Q2, and Q3. Check
the transistor which has a bias voltage significantly different from the following typical values:

A10Q1 Base D HB5Y
Al13Q1 Collector : +0.6V
A10Q2 Emitker : 0OV

A10Q3 Emitter : =086V

8-1G3



Section VII
Paragraphs 8-93 and 8§-94

8-93. A10 (A11} SAMPLER

8-94. A periodic sampling pulse applied to the P1 input
of the sampler causes the four sampling diodes (bridge
connection), housed in the hybrid IC (Ul), to turn on
during the 300ps {approx.) of the pulse width lor each
cycle. During this period the sampling diode switch is
on, the *hold™ capacitor at the input stage of the FET
impedance converter {in UE) charpes with the instantane-
ous voltage of the RF measurement input signal (output
of the directional bridge). The hold capacitor can dis-
charge only a small peortion of its charge during the
“off” period of the sampling diode switch because of the
high input impedance of the impedance converter. Thus,
the capacifor retains the charge veltage until the sub-
sequent sampling pulse turns the sampling switch on, and
the capacitor concurrently charges with the instantaneous
voltage at that time. Consequently, the sampler output
signal is a sinusoidal staircase as shown in Figure 8-45,

Model 41914

When the measurement signal frequency is relatively high
{above 10MHz}, the output signal includes many staircase
steps in cach cycle so the wavelorm is undistinguishably
sinuseidal.

The bias circuit sets the basic de operating level of all the
sampling diodes at a shallow, reverse bias condition. This
prevents the dicdes from being activated by a ringing
wave incident to the sampling pulse {see Figure 8-46).
Ag the sumpling pulse period is longer at lower measure-
ment frequencies, the hold capacitor discharges a little
more completely than at high freguencies. To compen-
sate for a decrease in the sampler output levet at low
frequencies. a positive feedback signal, applied to the
FB input of Ul, increases the capacitance of the hold
capacitor when the amplitude of the sampler output
decreases.

i
frequency T i T : T | -
[ signal | I | i i ] f \“KSamplinq pulse
l i : |i : \ II with no bigs
| ! i ' [ ’ | | f
| o N I | i
| - = 4 = | I | f“\
1 = ] i | ! / \
Sampler =] | ! : | 4 ) 1 o -_’_ a5 ]
out put — | | | i ! T - hl 4% voltage
F T A T - VAR
| | | | |
I i | | i | |_:-]t—- ?
| f | | | I | [ Bias volroge shifis this
: l : : I l I F transignt wove to a jevel below
. oV,
sompling WO N N N T S
puise

Figure 845, Sampler Cutput Signal
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Figure 8-46, Sampling Puise Waveform,
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A15 SAMPLING PULSE GENERATOR CIRCUIT OPERATING TEST

Circuit operation of tlre A15 Sampling Pulse Generator is checked using the procedure outlined below:

Test equipment

A sampling oscilloscope (HP 181 1A w/1430C) covering 18GHz frequency range is required for this test.

Sefup: Setswitch A2152 as shown below: 52

[ 293

Remove the A12 board. orr on

Disconnect SMC connector cables from A15P1 and P2, Set the SPOT frequency toe SMHz. Observe the output
pulse signals at AI5P1 and P2 with the oscilloscope. Both the output pulses shoukd have the following peak
voltage on the CRT.

Peal voltage
50MHz oscilloscope : 0.4V peak

100MHz oscilloscope : 1V peak

Observe the correct wavetorm of the putses at A15P1 and P2 with the sampling oscilloscape.
The wavetorm on the CRT sholud be as shown below:

Verify that both waveforms (at P1 and P2} satisfy the following conditions:

Amplitue  : greater than 4.8V peak ]
. ) < 500ps

Fulse width : less than 500 ps

Amplitude of reflection pulse : less than 1.5V peak

Il parasitic oscillation occuss, try to shift the L6 ferrite bead inductor on the Q3 Emitter lead {from Q4 Base)
to stop the oscillation. Be sure that the shield plate is firmly secured and all screws in place.

Note: Typical de operating voltages ond waveforms are surmarized in the table below:

Check point *DC voltage Waveform

(6 Base NAY

Q5 Base -85V H l | | 4Vp-p

Q1 Emitter -6.0V _rm_m TVpp

* Disconnect input from AISP3.
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Figures 847 1o 849

Figure 8-47. A9 RF Directional Bridge Circuit Assembly Figure 8-48. A10 Ref Channel Sampler/A11 Test Channel
Component Locations. Sampler Board Assembly Component Locations.

Figure 8-43. A15 Sampling Pulse Generator Board Assembly Component Lacauons.
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Figure 8-50
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Section VI
Figure 8-51

START

Is the signal at A12TP9 a 4Vp-p
pulse wavefora?

YES

NO

¥

Check A12UH.

8-108

Perform step 1 of the circull
operating test procedure. ls
sawtooth at A12TPS normal?

YES

NO

|

Cheek A12U4, U7, Ul0, Q2
and CR3 through CR6.

¥

Perform step 2 of the circuit
operating lest procedurs, 15
the signal at A1Z1T3 nommal?

YES

¥

NO

Raset switch S2 to the N posi-
tion. Iz the signal at A12072
pin 12 as'shown below?

|"‘-4us—-

av —I_r—""‘“—

v

NO

Check A12UZ2A,

Figure 8-51.

YES

Check A1213A and U7TC.

Perform step 3 of the circuit
operating test procedure. Is
the signal at A12TPR normal?

YES

Is the signal at AT2TP2 a4Vp-p

NO

Is signal at A12U2 pin 13 simi-
lar to the normal waveform at
A12TPS?

YES

* | putse wavelform?

YES

aed Perform step 4 of the circuit

NO

Check A12Q1.

el Check AL2U1, UsD and U7D.

NO

Check ALZ2U2RB,

A2 PLL Sampling Controller Board Troubleshooting Flow Diagram.

aperating test procedure. Is
the waveform at TPS normat?

NO

Check A12USA and U6,

YES

A9 AT10ATTA1SE

RF Directional Bridge

SEE INSIDE Sampler

Sampling Pulse Generator

Chieck AT2UI3B and U9,
Refer to steps 5 and & of the
circuit operating test proce-
dure.
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A12 PLL SAMPLING CONTROLLER CIRCUIT OPERATING TEST

Circuit operation Tor the A2 PLL Sampling Controller is checked using the procedure outlined helow:

Setup: Setswitch A2152 as shown below: 52

fEn e

b Ser switch A1282 to the T (TEST) position. Connect an oscilloscope to A12TPS 10 abserve the search gen-
crator output. Verily that the sawtooth waveform on the CRT has the voltage levels and period illustrated
below:

___ higher than OV _
(normally 0.2V £ 0.2V)

lowwer than - 20V
~ {pormally -20.0V = 3.2%)

i.,....,.w ......... 3~ S0hms ___..,.J

If the sawtooth s not correct. the search generator is fauity

20 Set the SPOT lrequency to Mz (nitial setting) and the leave switch AL2S2 in the T position. Olserve the
signal at AF2TP3 with an oscilloscope. The wavetorm op the CRT <hould be 2 shown below:

4y

ov

___,,,,|¢ 3] - 33 Tluﬁ-*'!

23

I the waveform is not correct, the frequency detector or the wave shaper s faulty,
Y

3. Using the same freqguency and switeh control sctfing as in step 2. observe the signal at AI2TPS. The waveform

on the CRT should be as shown below:

0y

-'-—-+W- -------- - 20 ~ 30 Mg e «-|

5~ Hms

It the wavelorm is not correct, the search conirol circeit is faulty,
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4. Sot switch AT282 to the N ANORM) position. Obscrve the do voltage levels at TP2 and TPG6 with a dual trace
oscilloscope. Change the SPOY freguency setting to a desired value. The voltage level (FTL) at these tost

points should change immediately after changing the frequency as follows:

Frequency is changed

Tra: H &
T »

I S Search: period

TPa: Lo

If the wavelorm at TPA is not correct, the lock-in detector s fautty.

5. Observe the wuveforms at TP4 and TPS with a dual trace oscilloscope. Change the SPOT frequency seifing to

a dusired value, The waveforms on the CRT showld be as siiown in the figure haiow:

{arrect Incorrect
Y U
i
1

i
|
|
_ : {Luck)
s o\ o e

‘/\\/\/__ (Lack)

1¢ the wavetorm at TPS is not zarrect, A12H3B s (antty.

. The phase detector (197 inpud and output relationship s as follows:

Input Output
pin L (TP9Y | pin 3 1TP16) pin 3 pin 10
H i 14V 10V
L ] i 0.8V Ry

5110
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8-95. A12 PLL SAMPLING CONTROLILER

8-96. In repetitive measurements ii.e., control seltings
are noi changed), the PLL Sampling Controller stops the
operation of all circuits except the Wave Shaper, Phuse
Detector and Loop Filter eircuits, These three cireuits
continwously act o maintain the 1F signal frequency at
an accurate 100kHz by congrolling the sampling fre-
guency for the sampling IT° converter. The U9 phase
detector compares, the {requency of the imcoming IF
signal {routed from the veference channet IF amplifier
circuit on A16 board) with the 100kHz of the reference
frequency signal supplied from the A3 board (orighated
by the AES clock gencratory. The TPT and the US wave
shaper eliminates fluctuation and noisc from the IF sipnal
to be input to the phase detector, The UM integrator
converts the phase detector output into the Vr o tuning
control voltage (de) proportional to the average level of
the pulse ouwtput. The V¢ voltage is always Jocked at such
a level as 10 produce the sampling frequency required to
generate the IF signal frequency equal 1o the 100kH?
reference signal.

When the measurement freguency sefting is changad,
the Frequency Detecior, Lock-in Detector, Search
Congrel, Search Gencrator and ALC disable clreuity are
operated 1o quickly restore the normal 18 signal fre-
quency. A outline of the cirouit aperating scauenue in
this transient control period follows:

Figure 8-32 shows the timing diagram of the signaks
refated to this discussion. The microprocessor transfors
the LOCK ENABLE signal to the U3B flip flop via the
A3 bhoard just aftee the messurement frequency setitmg
15 changed. The U3E is cleared at the ieading adge { 7} of
the LOCK ENABLY signal, generating 4 pulse to reset the
UzA Lock-in Detector and the U2B Sewrch Control.
The Frp control line {at TP3} goes HIGH and, concurrent-
by, tie 5H S5TOP signal {at TPR) poes LOW. This enables
the Search Generator circuit o sweep the Vp voltage.
First, Q2 applics a positive current to the input of the
UlQ integratar. The integrator produces a negative going
ramyp instead of a mning contral voltage., The integrator
outpul tums 10 4 positive poing ramp at =20V, At this
momenl, the UZB, U3B and USA (lip flaps are sct to
their idtial states. The sampling Freguency is then swopt
from the highest frequency towards a lower frequency
in response to the positive going ramp of the integrator.
When the frequency of the IF signal (approaching 100 kHz)
fulls below the detection (requency of the frequency
detector {about 150k, the U3A flip llop pulis down

Section Vil
Paragraphs 8-93 and %94

the Ffy signal at T2 to LOW. The U2R (Tip Nop outputs
a S0 ms pulse stgnal synchronized with the trailing edge
of the Fl-) conteol signal (delaved more than 4dms after
the positive going ramp starts).  Simultaneously. the
SHOSTOP sipnal at TPS goes HIGH causing the Search
Generator to stop the positive going ramp.

To stop the frequency sweep at the proper 1F frequency
near [00kHz, the ALC LEVEL moniior signal. in addi-
tion ta the P frequency detector output singal, actuate
the Search Geperator. When the ¥ signal frequency
comes info the pass band of the low pass IF lilter on the
Al bourd, the ALC LEVEL monitor signal goes HIGH.
The USA Lock-in Detector ouiputs the LOCK signal
causing the SH STOP sipnal to go HIGH (this stops the
Search Gemneraior). ki the ALC LEVEL senal does not
go HIGH within 50ms of the U2B output pulse period,
the SH STOP signal refurns to LOW and the Search
Generator successively generafey the ramp (restarts fre
QUETIDY Sweep).

After the Search Generator stops the ramp output, the
Vy tuning control vollage i precisely controlled by the
U Phase Detector to bring the IF signal lreguency to
130kilz. The Phase
monitoring the 100kHz IF signal Frequency until the
measurement signul frequency s changed. The gutput of
UZA represents the polarity of the scarch generator ramp
aufput (HIGH: positive going ramp. LOW: negative
going rampl The Ul one shot Multivibrator is fripgered by

afnaccurale Detecror comtimues

the UTA output when the polanity of the ramp changes

from "negative to positive. The output of Ul
single shot pulse. During this pulse period, U2B 35 reset

5 g dms

and the sampling frequency swaep aperulion does not
sfop evel 3F the Fy signal goes LOW,

The ALC DISABLE curcuit pulls ap the ALC valtage
foutput [rom the Al6 board) when the sampling fre-
guency is being swept. This decreases the amplitude of
the IF signal as well as that of the medasurement signal,
and prevents the sampling controller from receiving the
100kHz hacmonic component of a lower IF signal (for
mstasee. the sccond hammogie of a 30kHz T8 signal).

&1t
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Figurg 8-32
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Figures 8-53 and 8-54
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Figure 8-55

START

output

at AI3TPI

-2dBm and -12dBm?

Is the amplitude of the VTO

within

YES

NO

Check AI3Q1, 02, Q3 and CRi.

8-114

¥

Remove the A]2 board. Set the

YES

SPOT frequency in accordance
with the table below and
measure the output frequency
at A13TP]1, Do the measurcd
frequencies meet the test limits
given in the table?

SPOT  freq. Tlest limits

15.0MHz 37 to 59.5MHz

17.0MHz 62 to 64 5MHz

1E.0MHz 67 o TOMHz

20.0MHz 73 to 7eMHz

22.0MHz B0 to 82.5MHz

NO

Are voltage levels at A13U3
pins 3, 4, 5 and 6 as listed
below?

YES

Are voltage levels at A13U3
pins 16, 11, 12 and 13 aslisted
below?

SPOT A13U3 pins

frra Tyt |12 | a3

18MHz | L H L H

34MHz | H L H L

YES

NO

Check A1313.

SPOT A1303 pins

freq. 314 s 6

15.0MHz H | H

H

17.0MHz @

18.0MHz | H @
H

20.0MH= H

@H
®

22.0MHz H

99

NO

f

Check A13U3.

Is de voltage at the cmitter of
A130Q4 +4V?

YES

Is the amplitude of the VTO
signal at A13US pin 6 approx.
1.5Vp-p?

YES

Check Aj3U4, U5 and U2,

NO

|

Check A130Q35 and Q6.

NO

Check A1304 and CR6.

Check Al3U] and CR2 through
CRS.

Figure 8-566. A13 PLL Sampling Frequency VTO Board Troubleshooting Flow Diagram,

‘A q 2 PLL Sampling Controller

SEE INSIDE



Model 4191 A

A13 PLL SAMPLING FREQUENCY V¥TO CIRCUIT OPERATING TEST

Clrenit aperation of the A13 PLL Sampling Frequency VTO is checked using the procedure outlined below:

Sctup:  Set switch A2182 as shown below:

Remove the Al12 board.

Section VI

1. Remove the Al3 board and reinstall with an extender board. Connect a frequency counter to A13P1. Apply
a de voltage of =20V (20.1V) to AL3 (1L} from an external de power supply Verify that the frequency
counter readout meets the test mits given i the table below when the SPOT frequency is set in accordance
with the table, Also check the frequency with no de voltage applied 1o A13 (11 (set de power supphy output
to zero) and verify that the fest Himits listed in the table are satisfied.

SPOT
frequency

DC voltage
ar A13 (TEY

Test limnits

15.0MHz
P7O0MH»
TR.O0MHz
20.0MNz7
22.0MHz
T.2MHz
4. 2MHz
2 3MH,

o

0y

4.60 MH~

= 8.17MH7
= B.86MHz
2= 961MH:z
= L4 MEz
= 1151 MHz»

T.067TVMHz o T TOMHA
o0 4.02MHz
2.5564MH2 to 2.367MHz

15.0MHz
17.0MHz
18.0MHz
20.0MHz
22.0MH>

B s R

oy

743MH»
2.04MHz
8.T2MH:
< G 47MHz
=< 10.27MHz

AN

FAAN

8115



Section VI Model 4191 A

2. 10 is necessary To test circnit operation of the fraguency divider (U2 and U3} apply a de voltage of -18.9V
T0.0V to AL3 (31Y and set the SPOT frequency in accordance with the table below. The frequency counter

(connected to A 131 should read the frequencies within the fost Himits given in the table.

SEOT Division ey i

frequency fraction Fest fimits
.3MHz 5l L308MM7  to 1.5310MH:
E5ME: a6 .OM4MHz to 1.618MH»
oMz 32 1.738MB2 to 1.742MHz
PP MHz 48 [.883MlIz to  [.B8RMHz
1.5MHz 44 2053MHz o 2.059MH=»
Z0MEz 40 2.260MHz to 2265 MHz
2 3MH2 34 L5VIMHz to 2517MH:
2 5MHz B IEISMHz 1o 283 MHz
2 9MH2 28 3.229MHz o 3.230MHz
34 MHx 24 377MHA:z to 3.775MH»
4. 2WHz 20 4.520MHz  to 4.530MEHz
5.2MHx 16 5.650MHe  to S.663MLH7
7 oMH 17 T533MH. o 7.550MHz

11.OMEE K {1.300MHz  to [1.325MHz

I o messiered frequency s ouwtside the test limits, fitst check the VTO frequency st AT3TPE (should be within

90,45 and 20.60MH7Y

Loz

Connect a spectrem analyzer 1o A13PE Slowly change the do voltage applied o A13 {10} from -20V 10 OV,
Werily that no abnormal specinem display due o parasitie oscillation appears on the CRT at any VTO fre-

QUEHCY.
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Al3  PLL SAMPLING FREQUENCY VTO (P/N

| 04191-66513)

Section VIO

Figures 8-56 and 8-57

v TGO N / BUFFER AMPL. S DIvIDER
*IgvF +5WF Bl 25 MH?
5O~ B0 MK
LIG 14 [
*ui ="5 :PC BOARD PATTERN INDUCTCR i . % e esg %_g, a4l
. 1 3
. 0 .01 | d
Le ) 1 FF
| I r24 | 1€ | I3
) ©23 F2
PE Rl czo as 560 o6 . . p e
55 [Lelaald 1ocoRr G0 B3l vesr Voo Wool Moo o35
47F 1 \ ! e T m 1w 3 7l gs 5l a 1 o -
L4
47.- ys "3 - \‘E‘q %302: . usa @ Bhp a4 Cez G _"I'o.hlﬁ P3
27K 7 - . ‘ et e
Ik R2 - CE | o R332 o
R2zi L3S ran E " L5E
2
as | °F RE3 LEK] 3.8
CEE 15K 12 14
0.1 o < WEE @1 51 Gt Jte £]" QN nz sz -
. alal sTslT7 EIRE
A Hp 25 Ne
E
R7 $RBE R g o aP-ne
1-5% 1 100K Lla *L&,18,LI5 {BEAD Jl
s 3
! 2w vV Tk 2 fne
i 1 ez
; el o.oe
| g
i‘ A ’i PsO RIT 0K ("
; £ l’_' -11 2 P l w5y
L] e (38 4 5L From A21421 (39}
Bso RIZ Loveet
MK ?R]' e % —F 3 ITETL From 825 J2t (a1}
[f}-?\' ool 14 I 2 F20
D 14 10K
S,? CLR 3L ves —_
el ool 2L To Mz {ZL1
2l U3 7 HTE-r3 Leck Endble
5 s LR )
L —d '[ 4 [
I
ul P p_g Lig
c g - SREG L NE e *BY N
~y 15 6D 3 0 e + OWF dehhks 0L 2
3 t o L2 5 ].cag A
! N 10 F-F @ 0.0l
~ 3 a a5y P
1' A o 2 3 s UZE B 6 ?025. gV
I, BEb Sorr  GR——RC r12vF ' PN
T 5| e DC2_ GhD I ;
Is]] | K] T cZ& 5
s . |
t oo R2S .
| 0a —12w —
- 12¥F + >8L
[ o |8 E l I
LIy 54 ] [4-L)
10 L
ES-10 P AL E % Ra2
RIS 10 - ABW
. as L2 G y -4GVF BEL »
-0 cis | & £3z I
33 O-OI’ T 33 2L ~aL
H ELau®
wE I o) ’ v v v
484y
b al aleley R 1
v v ¢ Tess
| lox
' |
i I
s e S it gt g 5y

N~—

FREG, BAND / \ SERIAL TO PARALLEL /’

DECODER

SWITCH ORIVER

Figure 8-57. A13 PLL Sampling Frequency VTO Board Assembly Schematic Diagram.

8-117



Section VIl
Figure 8-58

START

Perform step 1 of the circuit
operating test procedure. Is
the aniplitude of the IF signal
at A16TP10 700mVp-p?

YES

NO

]

is the amplitude at A16TPIC
too high?

NO

Is the amplitude at AJ6TP13
approx. 1.5Vp-p?

YES

YES

| Is the amplitude at AL&TPY

1.3%pp?

YES

NO

Check AT6015,

Go to procedure (&).

NO

|

Check A1609 through Q12.

Check Al6Q16.

Arc the amplitudes of the IF
signals  (alternately switches
heiwesn the REF and TEST
channels) at A16TP11 approx,
2.5Vpp?

YES

NO

Ts the amplitude at ALOTPLZ
approx. 30mvp-p!

NO

Check the ALC circuit in ac-
cordance with the instruction
given in step 2 of the circuit
operating test procedure,

YES

Is the amplitude at Al6TP7
approx. 30mVp-p?

NO

Y

Check AT60Q13.

YES

Is the amplitude at A16UIL pin
& approx. i60mVp-p?

NO

YES

]

Check Al60Q1 through Q6.

Figure 858. A16 IF Amp. and Process Amplifier Board Troubleshooting Flow Diagram.
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Chack Al6Q7.

Check A16U1.

.A q 3 PLL Sampling Frequency VTO

SEE INSIDE



Madel 4191 A Segrion VI

Al16 IF AMP./PROCESS AMPLIFIER CIRCUIT OPERATING TEST

Citcuil operaiion of the A16 IF Amp/Process Amplifier is checked vsing the procedure outlined helow:
Setup:  Set switch AZIS2 as shown below:

i

Set the $POT frequency to 10MHz. Connect nothing to the UNKNOWN connector.

1.  Connect an oscilloscope to the test points Histed in the table below and observe the amplitude of the 100kHz

intermediate frequency sigral at cach test point.

Test point Typical amplitude
A16TPG F.5Vpp
TPl -
AlaTPIO GMVp-p
Al6TPYE #¥2.5Vop

*Note: The test channel and reference channel §F sierals with similar mnplitudes overlap on the CRT.

If no outpat is present at TP9, the x 10 amplifier (Q9 through QI2} or the bulfer amplifier Q15 is fanlty. In
this case, the frequency of the IF signat at TP (and the other test points) will not be locked to the normal
100kHz frequency because the search genevator ftnction on the A1Z board causes the sampiing froquency o

sweep repeatedly untit the normal IF signal s restored.

Note: Fepical IF signal volrages ar the atfier fast points and cirowlts ave divted i ihe 1ahie below.

Test point Typical voliage
TP P30mVyp-p
TPS I0mVpp
T AmVpp
TPLZ 30mVpp
TPL3 L3 Vpep

(316 Base T00mYpp

Ul pin b ie0mvypp
U4 pin 3 1W00mVp-p

2. Measure the ALC voltage €dc) at ATATP3 with a DMM. The ALC voltage varies with the level control of the
measurement frequency signal, and typical voltage is about 4V, If the measured voltage is always about )V or
12¥ (at any SPOT frequency sefting), the ALC circuit is faulty,

Noawe: Tvpicallv, the valtage at AVSTED is =04V when the IF signal voltage is 700mVp-p at A16TPHL.
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Section VI
Parugraphs 8-97 and 8.94

897. A16 IF AMP./PROCESS AMPLIFIER

8308 The test channel and reference channel sampler

IF ouerputs are sequentially selected at the input stage of

the two stage IF amphfier (G and 24} Sstection of the
IF signals 18 performed in accordunee with the timing
required to acvomplish the vector measurement in the
A1T Phuse Diotector/ A1 Converter. Signal Selector Q1
throweh 63 feeds oither of the two chamnel TF ipuet
signals to the B osmphifier as divected by the SREF signal
from the digital controf secton. The timing of the SREF
shrnal is shown in Tigure 8.62.

The low pass filter between Ul and U4 filters out the
undestred harmonics and the sampling pulse noise in-
cieded i the TF signal, The reference channel IF signal
provides the following three oulpuis in addition to the
reference veclor measurement signal:

Ly IV signal output to the AL7 board: The 1F signal
is {ittered by an LPF and is sent from {216 1o the
A7 hoard to produce the datection phase signals
forr the phase detector.

3-120

Maodel 4191 A

IF signal outpul ta the Al2 board: The IF signal
outptt from Q15 i senl to the A2 board ol the
PLL sampling frequency contral laop circuit, The
differcnce in the frequency of the [F signal from
100kHz is detected by the AL2 board to control
the samphing frequeney.

ALC ourput: The ALC voltage s proportionat to
the amplitude of the |F signal detected by the
AL circnit which consists of the U3 full wave
revtifier and the V2B level comparator. The IF
monitor signal ig taken from the input of Q16 via
the U2A butfer amplifier. The U3A and U3B
reclilier circuil praduces a negalive dc voltage
proportional to (e amplitude of the IF signal
The U2ZB fevel comparator compares the de volt-
age of the rectifier outputl with an adjustable,
reference voltage and develops the appropriate
ALC voltage. The LEVEL output at TPi4 signals
that the IF frequency has come inte the pass
band of the LPF when the sampling frequency is

swipt.
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_ Section VI
Figures 8-59 and 8-60

Al6_ IF AMPL./ PROCESS AMPLIFIER (P/N 0419~ 66516)
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Figure 8-80. A16 IF Amp./Process Amplifier Board Assembly Schematic Diagram.
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Figure 841
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Figure 861. A17 Phase Detector/A-D Converter Board Trouhleshooting Flow Diagram.
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Model 4191 A Section VI

A17 PHASE DETECTOR/A-D CONVERTER CIRCUIT QPERATING TEST

Circuit operation of the A17 phase detector/A-D converter is checked using the procedure outlined below:
Setup: Set the switch AZ182 as shown below: 52

OFF == AN

Connect nothing to the UNKNOWN connector.

[.  Observe the waveforms at Al7TP3 and (4L ) with a dual trace oscilloscope. The waveforms on the CRT should
be as shown below:

TP2

TP2

{4L) i 5y

Verify that the amplitude of the maximum triangular wave (among four sequential waves developed in one

measurement) is between 4.0V and 5.5V,
If the waveform at TP3 is not normal, observe the waveform at U4 pin 6. The waveform on the CRT should be

as shown below:

20ms/div,
0.5V /div.
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Section VI

899, A17 PHASE DETECTOR/A-D CONVERTER
8-100. The Al7 hoard is dmvided into two circurnt sec-
tions:

gach section is described in the following paragraphs.
8-101. VRD 3Jection

The test cliunnel and reference cirannel IF vector signals
are, in turn, fod From the A16 hoard to the Phase Datee-
tor in accordance with the prograsmmed control sequence.
Figure 8-63 is the timing diagram of the vector ratio
detection. The SREF signal selects the refereice channel
IF signal when it is HIGH and the test channel when it is
LOW (selection of the TF signals is performed in the Al6
board)., The Q7 and Q¥ Phase Detector, driven by two
detection phase signals which are 180° cut of phase,
separates the orthoponal phase components [rom the
vector TF signal. The S¢ (8g) and 1807 phase selection
signals determine the detection phase as follows:

Ph_m %Ewﬂgl Signals Detection Phase
Se{Se) | S (S¢) | 1807
ov [&Q°
SV -12V
-5V 0°
[1AY -98°
EAY 5V -
-3V 90°

The U4 mtegrator outputs o do voltage proportional
to the magnitude of the detected vector component to
the integrating A-D converler (U2 and U3). The A-D con-
verter translates the ratio of two veclor components info
an equivalent ratio of the time pertods wsing 2 dual-slope
integration technique (popular in digital voltmeters). The
U2 Integrator performs charge and discharge with the
phase detector output voltages [our times per measure-
ment, as shown In the timing diagram. To climinate the
effects of the dc offset voltages on the Phase Detector
and the Integrator from the measurement results, an off-
sef measurement is performed before the three vector
ratio measurement periods. Durng the offset measure-
ment period, the SOFM control signal turns the Q11 FET
switch off and Q19 on to block the IF input signal. The
L2 Integrator charges with the de offset voltages of the
phase detector cutput and the integrator itself, and then
discharges with the 0° component of ihe reference
chanpel IF signal; e (0%). Thereby, the ratio of the
magnitude of the offset voltage to e, (0°) is measured.
During the charge period of a vector ratio measurement,
the Q2 input switch is ¢losed tor a constant 10ms period

8-124

The Detection Phase Generutor and (he Veclor
Ratio Deiector {(VRD). The circuit operating theary ol

Maodel 4191 A

and the UZ Integrator develops a positive or negative
going ramp with a vector compoenent voltage, A short
held time is provided before beginning the charge period
and before beginning the discharge pertod. During the
hold time, the CHRG signal opens the Q2 integrator
input switch fo intercept any transicn! response signals
meident to switching of measurement vector signal {phase
detector output). A short precharee, made by the *eyos
(0%} voltage before going into the discharge period,
improves the accuracy of the A-ID conversion when input
signal is of extremely Tow level. The Integrator discharges
at a constant ramp rate with the *eny (0%) component
voltage until the ramp voltage reaches zero volts.

*Note: When a negalive going ramp is developed in the
charge period, ¢ (1807} sianal Is used instead
of the epr (0°) signal to achieve a dual siope

integration in the negative domain.

The Ul Zero Detector reverses output logic the moment
the Integrator ouipul crosses the zero levei. This signals
completion of the discharge to the digital control section.
The STRB (Strobe) control signal cnables the Zero
Detector only during the discharge ramp period and
climinates the possibility of detecting noise incident in
the control ol the integrator switches. The U3 Slope
Amplitier combined with the integrator magnifies the
integrator output waveform to facilitate detection of
crossing the zero level point with minimum time error.
The Ql feedback loop switch closes to keep the in-
tegrator discharged except when dual slope integration is
being performed.

8-102, Detection Phase Generator Section

The detection phase, whicl is in-phase or 90° oul of
phase with the reference channel 1F input siznal, origin-
ates in the Cg/Gg cireuit. A simplified circuit diagram of
the Cg/Gg chreuit is shown in Figure 8-82. The 90°
comtrol signal sent from the digital control section deter-
mines the states of the S¢. S¢. Sg and S signals which
controi the phase selection switches (Q3 through Q6) of
the /Gy circuit. When the 90° control signa! s HIGH.
the S¢ and S; signals go to -12V causing the Q4 and
Q6 switches to twm on (Q3 and Q3 are off), The IF
input signal tlows through the Cg circuit (C14) and the
output of the U5 [V converter amplifier is 90° out of
phase with the input of the Cg/Gg circuit (Actually, as
the U5 ampiifier inverts the phase, the phase is shifted by
-90%). Conversely, when the 90° control signal is LOW,
the S¢ and §(_ sirmals turn the Q5 and Q2 switches on
(Q4 and Q6 are off)y. Then, the IF signal tlows through
the Gg cirenit (R11 and R10) maintaining the same phase
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as that at the input of the Cg/Gg circuit. The C12 phase
adjustment capacitor permits adjustment of the differ-
ence in phase between the Cg and Gg circuit signals for
an accurate 90°.

To cause the Q7 and Q8 phase detector switches to turn
on and off with high speed and accurate timing, the
detection phase signal is transformed into a square wave
by the Ul1l Wave Shaper and the U12 dual comparator.
The dual comparator simultaneously produces two detec-
tion phase signals that are 180° out of phase with each
other. The Ul3 Phase Selector switch can reverse the
detection phase signals transferred to the Phase Detector
with each other. The 180° control signal actuates the
U13 Phase Selector to control the polarity of the phase
detector output. Thus, four detection phases (90°, 0°,
-90° and 180°) can be used to achieve the vector ratio
measurement for any vector measurement signals.

IN - PHASE CURRENT

o~

90° OUT OF
f— / PHASE CURRENT

Figure 8-62. Cg/Gg Circuit Simplified Circuit Diagram.

Section VII
Figure 8-63

|
|
|
|
|
|

ms
10 ms lanis' arhs

eref(0°)
A7 TP3 .

IRS

:
Alral Gete ™ 1 ] ] ey
armsamany] 0 LIRIL B LA L1 1] | 1| . -|§\\;
a7 Qocate 2] ] —|§\\f
A7 QI!GoTe—-—l | _IS:
Pins 2ondi4 20" [ 1 [ 1 N (S S _23
A17 Q4 Bose|Ssc | | | | ] | 1 4_|5$

A7 Q6 Base

oV
Al6(8R) SREF s T | | |—_]— 12V

A7 Ul STRB l-l I_I ﬂ ﬂ ﬂ | I— H I—l— ggx

Pin 13
ZERO

U 1 U 1

ov

Figure 8-63. Vector Ratio Detection Timing Diagram.
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Figures 8-64 and 8-65 |
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Figure 8-65. A17 Phase Detector/A-D Converter Board Assembly Schematic Diagram.
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A18 CLOCK GENERATOR/DOUBLER CIRCUIT OPERATING TEST

Circuit operation of the A8 Clock Geperalor and Doubler is chacked using the procedure nutlined halome:

Setup: Set switch A21572 as shown helow:

1. Sat the SPOT frequency to 10.0MHz. Connect o spectrum analyzer to ATEPZ, Observe the fundomentu
spectruri level and approximate frequency of the 100MMz clock signal on the CRT. Verify that no shnormal
spectrum display. due to parssitic oscillation appears. Next. counect the spectrum analyeer fo ATRP] 10 aliserve
the 200MHz clock signal. Set the SPOT fraquency 1o LOMBz The specteim diselay on the CRT shonled
satisty the test limits given in the table helow:

Connector Fundamentad levet Frequeney
P2 > —4dBm 100MHz
m =+ 5dBm MBOMHZ

2 Bet the SPOT Irequency to 100MHz and observe the sienal level at AT8PY The ZUO0MHy clock sisnat must be
attenuated to g level lower than -435dBm.

3. Connpect a frequency counter to ALEPY. The {requancy counter readnul must e JO0.000GR M2 £ 3 counta{in

100Hz yesolution?,

8-103. A1B T00MHz CLOCK GENERATOR/DOUBLER

8-104. The AT board generates accurate 100MH7z and
200MHz clock signals which determine the frequency
aceuraey of the measurement signal developed in the
synthesized signal source. The 100ME2 sivnal originates
from the UlA guartz oscitlator. The QI grounded bass
amplificr supplics the 100MHz signal to the A2 bhourd.
To develop the 200MIz signal, the 100MHz oscillator
signal s routed o the frequency doubler via the 4
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amplifier, The Q3 ampiifier of e frequencsy doubice
outputs a distorted signal mvolving the second Larmonio
nf the TOOMHz input. The hand pass {ter between the
23 and Q4 gmplitiers kKegps the 200MU7 freguency (e
second  harmonicy onby and eBmazates the other
guency components, AT measurement froguencies above
I PMHz, the 200MEly <imtal is not wsed, so the S200M
control sienal closes the ULY gate of the 200MHr disable
cirguit to stop the 200 MH: output
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Figures 8-67 and 8-68
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Figure 8-68. A18 100MHz Clock Generator/Doubler Board Assembly Schematic Diagram.
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Table 85, Meanings of Self Test Error Messages.
Error message Prefective devioe
E-2¢) A21 Liie RAM
-1 L25 RAM
232 IS RAM
bE-23 24 RAM
F-31 i1 | ROM
32 2 ROM
F-33 173 ROM
E-34 U4 ROM
£-33 5 ROM
E-36 I 6 ROM
E-37 U 7 ROM
F-38 U & ROM
E-39 U 9 ROM
.40 Ui ROM
Fed ] Uit ROM
E-50 Li39 APY

e

BIEEEEE

0 DEE|
0 DEe.

RAM’s

l y ‘

a6| MICROPROCESSOR
| U MICRO - PORT
6Bl P -1B}

N

ElEEERE)

APL {3t

39|

CESSOR

Azt MICROPRO
DIGITAL CONTRGL 3OARD

<

Menlel 41871 A
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TEST POINTS ON A20 (A21) BOARD.

TP No. Label Signal at test point

1 GND

2 AlS Bit {5 of Address Bus signal fused for signature analyzer window
setting).

3 WE Write Enable signal to store data into RAM's,

4 DBE Data Bus Enable signal.

) FON Power-on resef signal.

6 R8T | Reset signal.

7 GND

E.S GND

9 NMI | Non-MaskabIe Interrupt signal (used to start signature analysis test
program).

10 IRQ Interrupt Request signal.

11 GND

12 T8T Test signal (used for signature analysis t@st In microprocessor tree
running made).

i3 M 1 MHz clock frequency signal

14 M 2MHz clock frequency signal

15 CLK ¢1 | Microprocessor clock signal {p1)

16 VMA Valid Memory Address output signal of the microprocessor.

17 WND Window signal {for signature analyzer window setting).

18 RKEY Read ley signal to transfer the keyboard inpui data to the micro-
Processor,

19 LOCK Lock signal transferred from the PLL Sampling Controller (A12).

20 | ZERO | ZERO signal transferred from the Phase Detector/A-D Converter
{A17).

21 PAUS | PAUSE signal {Pause control of the clock generator by APU)

22 CLK ¢2 | Microprocessor clock signal (2}

23 R/W Read/Write control signal to control data transfer to/from the micro-
Processor.

24 BA Bus Available signal (controls Bus Drivers).

23 2 ¢ 2 clock signal converted into a TTL signal.

26 10M 10MHz clock frequency signal.

27 GND

28 +12V +12V dc {APU aperating power voltage).

29 GND

30 +5V +5V de

Section VI
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A2D(AZD) 82

Section VI

TEST SWITCH FUNCTIONS

Model 41914

The A20 {A271) 82 switch iacilitates adjustment of the analog measurement section and has the follow-

ing functions:

OFF

Swiich Funetion
$2-1 Not used
52-2 Disables the RAM chips to be ad-
dressed,
Test. .. ON Naormal ... OFF
52-3 _
974 Not used
52-3 Switches LOCK input signal as
S2-6 follows:
52-5 | 8§26 Maode Inpur Signal
w ~ LOCK signal
O ) x| NORMAL b 412
ON | QI'T TEST {ground)
CAUTION
Do not set both 82-5 and.8§2-6 to
the ON position.
S52-7 Switches ZERO input signal as
S2- follows:

52-71 818 Made Input Signal
- . LERO signal
OFF ] ON | NORMAL from AL7
ON | OTT TEST tens counter
oueput (A21)
CAUTION

Do not set both §82.7 and §2-6 to
the ON position,.
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A20 (A21) 83 OPTION SELECTION SWITCH FUNCTIONS

Section VIH

The A20 (A21) 83 switch selects the contro) programs to enable the optional functions and/for special

aperating modes listed below:

Switch Function
53 831 Enables Analog Recorder Output
/ Option (Opt. 064). A21U10
» |e E R ROM must be installed.
s I 1 tc $3.2 Enables the desired open capaci-
tance value to be entered from
= ] o]
- L] the DATA input keys. Refer to
< O v Para, 3-45.
. J ] . §3-3 Enables the measurement values
. E g to be displayed without automa-
. E:j H tic error corrections.
* E::] P g;j Not vsed (set to OFF).
oFF - ON 33-6 Adapts the Analog Recorder Ont-
puts o the requirements of the
slow respense recorders. This
function 1s valid onty when the
INTRPL function is set.
53-7 Enables High Resolution Test
Frequency Option (Opt. 002).
53-8 Mot used (set to OFF),

Nate: The A2153 pwitch is also used ro set the functions related to signature analysis.
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Figure 8-09

Model 41914

-l

ki

—-d-

Wi

- Wd

o
.

=Gl

i 2

U3

WwoE

kT

us

e

e}

AR R A

(o]

8-134

Figure 8-88,

A20 {AZ1) Microprocessar Digital Control Board Assembly Component Locations.
A4 Battery and Charger Board Assembly Component Locations.
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A0 {A213184 SIGNATURE ANALYSIS TEST SWITCH FUNCTIONS

The A20 tA21) 54 switch sety the circults 1o the operating mades required for festing with s slgnatu

analyzer.
Switch Funciion

-1 Setects counter clovk inpus

54-2 freguency when testing the 131
counter,
$4-1 | §40% 1 W sl ok f
OFEL OX | NORMAL HMHe

54 oN L opr NS, T ME

CAUTION
e m d Do not wef both 541 and 54-2 1o
[m@] PR - the ON position,

® ¥ Sd-3 Seiz the micTOprovessor o

free running operating m

o E:“Z i p [
- owhen testing the ROMY and
[:-El ot - line controd deviges.
+ & - . e - )
m‘ e Sd-4 Drisables PAUSE signal und allowws

- E:! the test program fa procecd when
EJ_E . the APLF{LIA9) i defectve

G
~\ 545 Prisables the misropzacessor clock
OFF e o O Sd-iy %ti['fel'ﬂiOi’ FUGSY MNormaily set o
N
S4.7 Not used {sef to OFF)

Bdow Frables an externad dock signs
fo be wsed nstead of he miarnal

clock srgnat.

oo

(N Prternal 10MEY clnvk
OFF . Accepts an cxfurnal
3
clack signal from
FTPE6,
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A20 (A21) MICROPROCESSOR DIGITAL CONTROL
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A20 (A21) Microprocessor Digital Control Board Assembly Schematic Diagram (sheet 2 of 4).
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Section VIII
Figure 8-72

Turn the 41914 off.

1s the voltage at
Ad3TP2 less than
0.1vde?

1s the voliage at YES

Is the voliage at
Ad3TP2 between 1.5V

A4YTP] greater than
2.0%de?

Turn the instrament on to
allow the batteries on the A43
board to charge for 24 hours,

Turn the instrument oft.

YES

Is the valiage st
A43TP1 greater than
2.0%ae?

Replace battedes A438T] and
BT2.

Is the voltage at
A43TP) graaler than
4.8Vde?

YES

Check 443072 and Q3.

Check A43UL

Check A4301 and CR1.
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Figure 8:72. A43 Battery and Charger Board Troubleshooting Flow Diagram,

and 1.9¥dc?

Check A43U1.

YES

Tutn the instrument on.

Is the veltage at
A43TE1 Lbetween 4.9V
and 5.0Vdc?

YES

Troubleshout Yoo line,

Go to Mow diagram @).
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USES OF JUMPER WIRES ON AZD {A21 BOARD

Dresignation {ise
AZ1 W1 Congected when PROM tyme momory dovices are amploved. Mot useid (or
Masked ROM's,
W Shifts the conmection positions depending on the memory size of fhe -
w3 dividuat ROM's a5 {ollnwy
W e .
Wa G350 G fumpoer position for 2 Kilobyiz ROM.
W6 F=T= Jumper poifion ford globyis ROM.
W7
W Connected when 2 kilobyic ROM's are emiploved . Not ased for 4 kilobyie
ROM’s,
Wo Must be connected at all times.
WiQ Disconnected 1o openr the serial port counier (L6 1) foop oirowit when
signaturs analysis Test s performed.
W1t Disconnected to open the FEPCLK counter (T63) loop cironlt when siona-
ture analysis tesf i3 performed.
Wiz Enables or disables output of the EGHE signal (toward the HEF-[B bas Thwe .
W2 connected .., EOILsigpal is ontput together with LE signal
Wiz disconneoted Disables BOT signal to ho output
41914 MEMORY MAP
Address Arca Prirpary memory contents
FEFE ~ FSO00 ROM 111 FError correction caloulation progrem. Self test pro-
ZEAN.

FTFF ~ FOOOQ ROM U2 Algorithimic subroutines,

EFFT ~ BE800 ROM U3 Data parametor conversion subrouiines.

ETEE ~ HOG ROM U4 Display and kevhoard (ats processing programs,

DFFE ~ B&00 ROM U5 i¥ata parameler conversion calculation programs.

DIFF ~ DS ROM U6 Measurement function and parameter setling programs.

CFFF ~ CR0OO ROM UY Sweep measirement control prograts.

C7FF ~ (00d ROM US Analog measuroment circuiis sequence control progrant.

BEFFF ~ BRO0 ROM U9 HP-IB handshake program.,

BTFF ~ BOOO ROM 10 Analog recorder aulput contmof prograrm (Opl 004

only.}

AFFF ~ ARQO ROM 111 § Signature analysis test programs.  (Service use anlvi
. . Measurement data transfer control, U control an
6007 ~ 4300 10 5| asurement ansfer control, APU control and

HP-IB interface control programs.

O7FF ~ 02E7 Auto calibration data. Duta storage for SAVE function,
02E6 ~ Q2AE RAM Measurement data memory area.

32AD ~ {4000 Butfer, fag. scratch memory arga.
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Figure 8-73. A20 {A21) Microprocessor Digitat Contro! Board Assembly Schematic Diagram (sheet 3 of 4)
and A43 Battery and Charger Board Assembly Schematic Diagram.
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Figure 8-74
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Figure 8-74. A20 (A21} Microprocessor Digital Control Board Assembly Schematic Diagram (sheet 4 of 4},
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Section VI
Figures 8-75 and 8-76
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Figure 8-76, A22 Display and Keyboard Control Board Assembly Schematic Diagram (sheet 1 of 2},
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Figure 8-77. A22 Display and Keyboard Control Board Assembly Schematic Diagram {sheet 2 of 2).
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Companents pounted on the DT Power Supply Assembly Plate

{inside the protective cover).
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A23 Power Supply Board Assembly Component Locations.
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Figure 8-80. A24 Motherboard Assembly Component Locations,
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A25 HEATER CONTROLLER CIRCUIT OPERATING TEST

Circuit operation of the A25 Heater Controller is checked using the procedure outlined below:

1.

Turn the instrument on and observe the flashing LED (A25DS1) on the A25 board. This LED is visible through
a hole in the top shield plate covering the A25 board.

The LED will flash at an initial rate of a few times per second and will gradually slow down as the instrument
warms-up. The LED will stop flashing if the ambient temperature is higher than 28°C. If the LED does not
light or stays lit (does not flash), the heater controller is faulty.

After the recommended warm-up time (40 minutes), measure the temperature of the RF directional bridge
assembly module (refer to Para. 5-43 RF Directional Bridge Temperature Adjustment for the temperature
measurement method). The temperature of the assembly module should not be above 31°C.

A25 BOARD TROUBLESHOOTING GUIDE

The A25 board troubleshooting procedure is described below:

8-150

WARNING

DO NOT CONNECT A25TP5 (COMMON) TO INSTRUMENT CHASSIS (GROUND) OR TO THE
GROUND OF ANOTHER PIECE OF EQUIPMENT. THE GROUND LEAD OF OSCILLOSCOPE
PROBE MUST NOT BE CONNECTED TO TP5.

IF THIS WARNING IS NEGLECTED, A DANGEROUSLY HIGH CURRENT MAY FLOW FROM
THE 100V AC INPUT TO GROUND THROUGH TPs5.

Disconnect the J2 from the A25 board and measure the dc resistance between the plug connectors with a DMM

as illustrated below: 12
1

S (g S

DMM input leads =S 3

4

5

The resistance between these two points should be between 3k and 10k§ at an ambient temperature range of
10°C and 30°C. If the measured value is outside the normal range, check the thermister temperature sensor
attached to the RF Directional Bridge assembly.

Note: The DMM test current should be low so as fo not affect the resistance of the thermister.
If the LED (DS1) stays lit (does not flash), check A25CR1.

Observe the waveform at A25TP2 with an oscilloscope (connect ground lead of the probe to instrument chassis).
One cycle of 280 Vp-p line frequency voltage will appear on the CRT when the LED flashes.

280Vp-p

If otherwise, check A25U1, CR1 and CR3.



Model 4191A

1 Gdl

—CR3-

ic

c3
c —
—R2— 5
“R7 = e
B 4 — i
c5 —— R3—=
—R8 — —R4—— -
—C | —=
~CR4= « R5—

Figure 8-81. A25 Heater Controller Board Assembly Component Locations.
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Figure 8-83
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Figure 8-83. A30 VTO {100-110 MHz) Board Troubleshooting Flow Diagram.
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A30 VTO CIRCUIT OPERATING TEST

Circuit operation of the A30 VTO is checked using the procedures outlined below:
Setup: Set switch A2152 as shown below:

8-152

Remove the A31 board.

52

OFF st 0N

Model 4191A

Remove the A30 board and re-install with an extender board. Connect a spectrum analyzer to A30P1. Apply
+10V dc to A30TPI from an external dc power supply. Verify that the fundamental spectrum level on the
CRT is greater than -6dBm. Vary the dc power supply output voltage from 0V to +10V. Verify that no ab-

normal spectrum display due to parasitic oscillation appears on the CRT at any dc voltage setting. The spec-

trum level must also be greater than ~6dBm at 0V,

Connect a frequency counter to A30P1 in place of the spectrum analyzer. Apply +10.1V dc (£0.1V) to A30TPI
and read the frequency counter display. Next, set the dc supply voltage (at TP1) to 0V. Frequency counter
readout should satisfy the test limits given in the table below:

Voltage at TP1 Test limits
10.1V 111.5MHz to 112.0MHz
ov < 97.0MHz

Connect the frequency counter to A30P2. Verify that the frequency counter readout is exactly 1/100 of the

readout at A30P1.
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Figure 8-85, A30 VTO {100-110MHz} Board Assembly Schematic Diagram.
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Figure 8-86
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A31 PROGRAMMABLE DIVIDER CIRCUIT OPERATING TEST

Circuit operation of the A31 Programmable Divider is checked using the procedures outlined below:
Setup: Set switch A21S2 as shown below:

52

Connect an external signal generator to A31P1. Connect a frequency counter to A31TP1 (using a BNC to dual
alligator clip cable).
Set the signal generator output to 0dBm at 100.000MHz.

1. Set the SPOT frequency of the 4191A and signal generator frequency in accordance with the table below.
Verify that the frequency counter readout is within 10.000MHz %1 count at all test frequency settings.

Note: Set the STEP frequency to 0.0111MHz and use manual sweep function to facilitate SPOT frequency

setting.

SPOT frequency setting | Signal generator frequency setting
250.0000MHz 100.000MHz
250.0111 101.110
250.0222 102.220
250.0333 103.330
250.0444 104.440
250.0555 105.550
250.0666 106.660
250.0777 107.770
250.0888 108.880
250.0999 109.990
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Figure 8-87, A31 100Hz Step Programmable Divider Board Assembly Component Locations.
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Figure 8-89, A32 Summing Loop Circuit Board Troubleshooting Flow Diagram.
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A32 SUMMING LOOP CIRCUIT OPERATING TEST

Circuit operation of the A32 Summing Loop is checked using the procedure outlined below:

Setup: Set switch A21S2 as shown below: s2

| 3=
e I I

QFF oN

1. Disconnect the SMC connector cable from A32P2. Connect an oscilloscope to A32TP1. Verify that the wave-
form on the CRT is a sawtooth greater than 10 Vp-p (the sawtooth plus dc may be between 0V and +20V).

> 10V

| |
b==10) ~ 15 ms ==

If the sawtooth does not appear, observe the waveform at A32US5 pin 6. If a similar sawtooth (inverted)
appears on the CRT, the summing amplifier is faulty. If no signal appears, the loop filter/search generator

is faulty.

2. Reconnect the SMC connector to A32P2 and disconnect the SMC connector from P3. Connect the oscilloscope
to A32TP2. Verify that a burst wave periodically appears on the CRT at timing synchronous with the sawtooth

at TP1, as shown below:

Sms/div.
2V/div.

If no signal appears on the CRT, the buffer amplifier (Q1), the mixer, or the limitter amplifier is faulty.

3. Leave SMC connectors as they were in step 2, and observe the waveform at A32TP1. The waveform on the

CRT should be as shown below:

=
Lo N

If the trace on the CRT is different from this waveform, the frequency detector circuit is faulty.
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4. Reconnect the SMC connector cable to A32P3. Verify that a pulse appears at A32TP3 just after the SPOT
frequency is changed (the pulse width is approximately 10ms).

—= 10ms I-'—

5. Verify that the dc voltage at U6B pin 1 is about -0.7 of the input voltage at XA32 (1L). If otherwise, the
buffer amplifier (U6B) is faulty.

A33 VTO CIRCUIT OPERATING TEST

The circuit configuration of the A33 VTO board is identical to that of the Al board. Thus, the A33 circuit operating
test can be performed using the same procedure described for the Al board.
To apply the test procedure described for the Al board to the A33 board, make the following changes to the A1 board

test procedure.
1. Change all board designations (A1) in the instructions to read A33.
2. At step 3, remove the A32 board instead of the A3 board.

The Al board troubleshooting procedure can also be applied to the A33 board. Change Al in the troubleshooting flow
diagram to read A33.
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Paragraphs 8-105 and 8-106

8-105. A32 SUMMING LOOP CIRCUIT (OPT. 002
ONLY)

8-106. The A32 board controls the Vg tuning control
voltage at TPl so that the frequency of the P1 input
signal, determined by Vg, is identical to the sum of the
frequencies of the P2 and P3 input signals. The E1 mixer
develops the sum and difference between the frequencies
of the P1 and P2 input signals simultaneously. The 2 MHz
LPF blocks the “‘sum’ signal which is always above 500
MHz and passes the “difference” signal when it goes
below 2ZMHz. The U2 Phase Detector compares the
frequency of the limitter amplifier output with the
1.0000M to 1.0999MHz frequency of the P3 input
signal. The US integrator produces the Vg control voltage
averaging the phase detector output.

The Frequency Detector and the Loop Filter/Search
Generator restores the Summing Loop circuit to its
normal phase-locked condition when the measurement
frequency is changed. Figure 8-90 shows a block diagram
of the Frequency Detector. The Frequency Detectoris a
window comparator operating in the frequency domain.
The UlA one-shot multivibrator clears the U4B com-
parator when the Ty period of the limit amplifier output
(about 1us) is shorter than the time constant T, deter-
mined by C; and R;. This releases the Loop Filter/
Search Generator from its static balance condition and,

Model 4191A

the US integrator produces a negative going ramp as the
VTO frequency (P1 input frequency) sweeps towards
lower frequencies. When the Ty period becomes longer
than the time constant T, of the UlB one-shot multi-
vibrator, the UlB sets the U4B comparator to stop the
frequency sweep operation. At this time, the limitter
amplifier output frequency is within the frequency range
of normal PLL control by the Phase Detector and the U3
integrator.

The U7 Summing Amplifier adds the Vt tuning control
voltage of the main synthesizer, which is fed from the A3
board, to the Vg control voltage of this local synthesizer.
An outline of the function of this additive operation
follows: The main synthesizer frequency (P2 input fre-
quency) is close to the frequency of the A33 VTO (Pl
input frequency) when the Summing Loop circuit is
phase locked (difference in the frequency is identical to
the P3 input frequency and, at most 1.0999MHz). Ad-
ditionally, because the A33 board is identical to the Al
VTO of the main synthesizer, the tuning control voltages
for the Al and A33 boards are much the same (at the
abovementioned condition). Accordingly, the Vr input
voltage approximates the Vg voltage to a new value for
settling the Summing Loop operation after the measure-
ment frequency is changed. This shortens the transient
control period of the Frequency Detector and the Loop
Filter/Search Generator circuits,

One — shot

- T2 o

Multivibrotor
ula

T

CK

CLR
Comparator
Uu4aB =

One - shot
Multivibrator
uie

FaN
From
Limitter Amp.

Tt

Figure 8-90. Frequency Detector Block Diagram.
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Figures 8-91 and 8-92
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Figure 8-82.

A32 Summing Loop Circuit Board and A33 VTO Board Assembly Schematic Diagram.

8-159




Section VII
Figure 8-93
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Figure 8-93. A40 DC Bias Supply Board Troubleshooting Flow Diagram.

.A 3 2 Summing Loop Circuit
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8-160



Model 4191 A

A40 DC BIAS SUPPLY CIRCUIT OPERATING TEST

Circuit operation of the A40 DC Bias Supply is checked using the procedure outlined below:
1. Visually check that the A40F1 fuse has not blown.

2. Set the SPOT BIAS voltage to +40.00V. Connect a DMM to A40TP7. The voltage readout should be +40
£0.05V.

3. Set the SPOT BIAS voltage to -40.00V. The voltage readout should be -40+0.05V.

4, If steps | and 2 do not provide the proper results, check that the dc voltage at A40TP4 is 9.763V £0.02V
(for both SPOT BIAS voltage settings).

Note 1. D-A converter control input data at A40U3 pins 1 through 12 are as follows:

SPOT BIAS A40U3 pins
setting 1 2 3 4 5 6 7 8 9 10 | 11 ] 12
(2% 1 1 1 1 1 1 I 1 1 1 1 1
40V 0|0 | O 01| o0 1 0 1 1 1 1 1
0: 0V 1: +5V

Note 2. Thedata latch inputs at A40U7 pins 3, 4, 7, 8, 13, 14, 17 and 18 have the following voltage levels:

SPOT BIAS U7 pins
setting 3 |4 |78 [13[]14]17]18
oV 1 1 1 1 1 1 1 |0
-40V | o lo|of|o|o]|o 1
0: 0V 1: 45V

Note 3. At zero bias voltage setting, the polarity switches A40K1 and K2 are set to the following states:

K1 : off
K2: on
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Figurcs 894 and 895

A40 DC BIAS SUPPLY (P/N 0419i-66540)
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Figure 896
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Model 4191 A
A41 ANALOG RECORDER OUTPUT CIRCUIT OPERATING TEST

Circuit operation of the A41 analog recorder output is checked using the procedure outlined below:

1. Press the key and UR 7t key on the 4191A front panel. Measure the voltages at test points A41TP1
through TPS with a DVM. Verify that the DVM readouts meet the test limits given in the table below:

Test point Test limits
TP1 1000mV £ 7mV
TP2 -1000mV £ 7mV
TP3 1000mV £ 7mV
TP4 -1000mV £ 7mV
TPS 1000mV = 7mV

2. Press the key and J. key. Verify that the dc voltages at test points A41TP1 through TP5 are 0 £2mV.

Nate: 1. D-A converter control input data at A41US, U7, and US (pins 4 through 7) are as follows:

Function USs, U7, U8 pins
setting 4 5 6 7 8 9 | 10| 11 | 12 | 13
UR ™t 1 1 1 0 1 0 0 0 0 0
O ) 1 1 1 1 1 1 1 1 1 1

0: 0V 1: +5V

Note: 2. The outputs of the serial to parallel data decoders (A41U11, Ul2, Ul3 and Ul4) have the follow-
ing voltage levels when the UR 1 function is set.

IC L. Pin number
3 4 5 6 10 | 11 | 12 | 13
A41U11 1 1 1 0 1 0 0 0
A41U12 0 0 1 1 1 0 1 0
A41U13 0 0 0 0 1 1 1 0
A41U14 1 0 0 0 0 0 0 0

0: 0V 1: +5V

When the |_ LL function is set, the outputs of the serial to parallel data decoders are as follows:

I Pin number
3 4 5 6 10 | 11 12 | 13
A41U11 1 1 1 1 1 1 1 1
A41U12 1 1 1 1 1 1 1 1
A41U13 1 | | 1 1 1 1 1
A41U14 1 1 1 1 1 1 0 0

0: 0V 1:1 #5Y
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Model 4191 A

Note: 3. The polarity switch control inputs at A41U4 pins 13, 5, 6 and 12 are as follows:

Polari U4 pins

olanity 13 5 6 2

Positive or zero 4V -4V +4V -4V
Negative -4V +4V -4V +4V

_9.0221.66{;% @'@]

X0

85 500 Osdl

Figure 8-97. A41 Analog Recorder Output Board Assembly Component Locations.
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Figures 897 and 898

A4l ANALOG RECORDER OUTPUT (OPT 004 UNIT ONLY) (P/N 0419]-6654I)
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Figure 898. A41 Analog Recorder Output Board Assembly Schematic Diagram.
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