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SAFETY SUMMARY

The following general safety precautions must be observed during all phases of operation and maintenance
of this instrument. Failure to comply with these precautions or with specific warnings eisewhere in this
manual violates safety standards of design. manufacture. and intended use of the instrument. Boonton
Electronics assumes no liability for the customer’s failure to comply with these requirements.

THE INSTRUMENT MUST BE GROUNDED

To minimize shock hazard the instrument chassis and cabinet must be connected to an electrical ground.
The instrument is equipped with a three conductor. three prong a.c. power cable. The power cable must
either be plugged into an approved three-contact electrical outlet or used with a three<contact 1o a
two-contact adapter with the (green) grounding wire firmly connected to an electrical ground at the power
outlet.

DO NOT OPERATE THE INSTRUMENT IN AN EXPLOSIVE ATMOSPHERE.
Do not operate the instrument in the presence of flammable gases or fumes.

KEEP AWAY FROM LIVE CIRCUITS.

Operating personnel must not remove instrument covers. Component replacement and internal adjust-
ments must be made by quailfied maintenance personnel. Do not replace componerits with the powercable
connected. Under certain conditions dangerous voltages may exist even though the ‘power cable was
removed. therefore: always disconnect power and discharge circuits before touching them.

-DO NOT SERVICE OR ADJUST ALONE.
Da not attempt internal service or adjustment unléss another person. cupable of rendering first aid and
resuscitation, is present. ’

DO NOT SUBSTITUTE PARTS OR MODIFY INSTRUMENT,

Do not install substitute parts or perform any unauthorized modification of the insturment: Return the

instrument to Boonton Electronics for repair to ensure that the safety features are maintained.

SAFETY SYMBOLS. ' .
This safety requirement symbol (located on the rear panel) has been adopted by the
International Electrotechnical Commission. Document 66 (Central Gitice) 3, Para-
graph 5.3. which directs thatand instrument be so labeled if. for the correct use of the
instrument. it is necessary 1o refer 1o the instruction manuai. In this case it is
recommended that reference be made 10 the instruction manual when connecting the
instrument to the proper power source, Verifv that the correct fuse is installed for the
power available, and that the swiich on the rear panel is set to the applicable
operating voliage.

The CAUTION sign denotes a hazard. [t calls auention to an operation procedure,
practice, or the like, which, if not correctly performed or adhered to. could result in
damage to or destruction of part or all of the equipment. Do not proceed beyond a
CAUTION sign umiil the indicated conditions are {ully understood and met.

The WARNING sign denotesa hazard, [ calls attention to an operation procedure,

| WARNING ! practice, or the like, which, if not correctly performed or adhered to, could resuit in
injury or loss of life. Do not proceed bevond o WARNING sign until the indicated
conditions are fully understood and met.

CAUTION |

indicates dangerous voltages.
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B OONTON ELECTRONICS CORPORATION

MODEL 4200 INSTRUCTION MANUAL SUPPLEMENT
FOR THE MODEL 4200-5/21
June 17, 1987

Instructlon-manual supplements.ars Tssued as requlred to correct arrors In
a manual, and to adapt the manual to changes made after 1+s printing.

Make tne following additfons to the Manual,
1. The following ltems have been added to tThe Model 4200 for the =5/21:

a, Batteries BTZ and BT3. (2) 1.5 ¥ alkalline patterles raplace BTI1,
Refer to Figure 1.

b. An Elapsed Time Indlicator M1 and assoclated 337 k ohm reslistor,
Refer to Flgure 1. . -

A1 k oh

c. !stor 1s connected *to The recorder output and rear panel
ground t full
2

s
de a 1 v ful scala output.
. Extanding the RMS measurlng range of sansors note.

a., The true RMS de+tectlon area c¢f the 4200-4£-5/21 senscr 1s from =60 dBm tfo
-20 d8m and =40 dBm to O d8m for the 4200~6E ssnsor, Thesa ranges may be
extended by adding attenuatlon fto the sensor Input. For each dB of attenuvatlon
added the RMS range wll| shift upwards By 1! dB. The low end sensitivity will
also rlse by 1 dB, By adding the 20 d8 attenuator 951054/2 suppllied in the
4200-5/21 Test Set, the RMS ranges wlll be changed to -40 to 0 'dBm for the
4200-4E~5/21 and =20 to +20 dBm for the 4200-6E.

b. To correct the dlspliay for the attenuator In use enter the attenuation value
for the fraquaency of Inferest from the callbration data sheet supplled with the
attenuator and then press the REF LEVEL dB key.

c, For example: 1¢# the attenuatlon value at 16 GHz Is -19,85 dB as read from
+he Calibration Data Sheet, press 1, 9, ., 8, 5, CHS, and then press the REF
LEVEL dB key.

d., Thls technligue wi!] work with any attenuator for whlch absolute attenuatlion
values across the freguency range are known, Attenuators are not callbrated
with speclfic sensors and are not requlred to be matched as palrs,

3, On Page 1-8, Table 1-2, change the 4200-4E-S5/21 MAX, SWR speicificatlons to
<1.,4 from 4 GHz tTo 18 GHz,

4, On Page 2-2, paragraph 2-7b, replace the foliowling text and table:

b. Recorder Qutput. Recorder connector J20 (type BNC) on the rear panel provi-
des an analog DC voltage for appilcation to 2 remote recorder, The output
resistance Is 1000 ohms, The analog DC voltage is proportlonal to the
followlng:

Y Iin the power mode, It ls proportlonal to displayed power, with 1 velt for
I

(1
fu scale each range, elther channel,

(Z2}). in the dB mode, 1+ [s proportlonal TB displayed dBm wlth the relatlonship
shown below: - .

Racorder Qutput

Serles Serlas Serles
4/T/K/KASQ 5/8 6

d8m {volts) (voits) {volts}
+30 - - .9
+20 - .9 «8
+10 .9 .8 .7
0 .8 o7 6
“10 |7 16 05
=20 N .5 )
=30 - .4 3
=40 54 -3 .2
=50 3 2 -
-850 2 - -

Page 1 of 3



5. On Page 3-11, paragraph 3.3%, replace the following text:

be in the d% mode, the DC 6u+puf javel Is proportlonal to dBm according to the
formula {(Serles 4/7/K/KA/Q Sensors)

dB8m) volts
= (.8 +
vouT= (.8 TOO

Example: The voltage output at =20
dB8m would be:

-20) volts=.6 volts
-+ -
(.8 T60

Th!s ocutput is a functlon of dBm only, but 1s effected by CAL FACTOR entriles,

c, In the Channel-3 mode of operatien (Optlon =-03), the recorder cutput 1s pro=-
por+icnal to the difference In d8 of channel 1 minus Channel 2., Thls output Is
etfected by both the calibratlion. factors and the dB reference jevels entered In
each channel, The equatlion Is:

RECORDGER OUT (VOLTS)

= {dBeh.! +dB CAL FACT CH1 =dB REF,eh,1) = (dBch.2 +dB CAL FACT CH2 +dB REF.ch.2} + .8
100

Or, eaulvalent:

RECORDER OUT {VOLT) = dB dispisy +.8

Vatld recorder outputs wlll be ob*a!neﬁ for dlsplay Indifcations of =80 dB (0
volts) to +30 dB (1.1 volts).

6. On Page 5-22, paragraph 5-34, replace the following text:

e. WIth 1,000 mW Indlcated on the LED display, check the Indlcation on the
dlgltal muitimeter; it should be .98 to 1.00 volts, |If the Indlcation Is
correct, proceed directly to step h; If the tndiecatlon is Incorrect, proceed to
step f. '

f. 1+ the digltal multimeter indicatlon In precedling step o was lIncorrect, set
+he contro! board b1t switeh to CALIBRATE MODE 1, Refer f¢ Flgure 5=3) and press
+he LIMITS dB LO key on the keyboard, The LED dispiay wilt show 2 gain medifler
of approxlimately 3600, Calculate 2 revised galn modlfler value To obtaln the
requlred correction, For example: 11 the digital multimeter Indication were .86
volts {0.4% low) and *he LIMITS dB LO key recalled a galn modiflier of 3500, the
revised galn moedlifler value would be: -

1.004 X 3500 = 3514,

Enter thls revised galn modlfler value by pressing the following keys on the
keyboard: .

1, 4
S dB LO

3, 5
LIMI
LIMITS dB LO (revlsed value shouid appear on ¥he LED.dlspiay)

¥
T
T

g. Reset *the control board b1t switch +o OPERATE MODE 0. Refer to Figure 5-3,
NYote The Indicatlon on the digita! multimeter; It should be .98 To 1,00 volts,
Repeat steps f and g, 1f necessary, until the correct Indl¢atlon Is obTalned.

ha Set the power meter calibrator cutput to 0,126 mW, and observe The Indica-
+lons on *the Instrument LED display and on the digltal muitimetesr. The mibil=
volt Indlcatlon on the digltal multimeter should equal the value shown on The
LED dispilay *1 count, I+ the digl!tal multimeter Indicatlon Is Incorrect, adjust
potentlometer R55 on the Tnput module board as requlired to provide tThe proper
digltal multimeter Indlcation.

Fage 2 of 3
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Section I
Introduction

SECTION I
INTRODUCTION

1-1. INTRODUCTION.

1-2. This instruction manual provides general informa-
tion. installation and operating instructions. theory of

operation, maintenance instructions and parts list for the

Model 4200 RF Microwattmeter.
1-3. DESCRIPTION.

1-4. The Model 4200 is a microprocessor-based solid state
RF microwattmeter. The instrument is capable of measur-
ing RF power levels from 1 nW (-60 dBm) to 1W (+30
dBm) for a frequency range of 0.2 MHz to 110 GHz. The
instruments calibrated power level and frequency range is
determined by the Series 4200 sensor used with the instru-
ment. The Series 4200 sensors are accessories and must be
ordered per apnlication. Refer to Table 1.2 for the Series

aIe A1, lsl LR L 1 L L= g Lot}

4200 sensor characteristics.

1.5, The Model 4200 is designed to pe
operations: :

a. Low-power transmitter, signal generator, and oscii-
lator measurements.

b. SWR and return-loss measurements with directional
couplers and slotted lines. '

¢. Gain and insertion loss measurements.
d. RF attenuation and SWR measurements.

e. Anteénna measurements.

- 1-6. The Model 4200 design features are as foilows:

4. Wide Frequency Range. 0.2 MHz to 110 GHz. The
calibrated frequency range of the instrument is determined
by the sensor utilized. Refer to Table [-2.

b. Wide Power Range. Depending on the selected sen-
sor, the instrument will measure RF power from | nW up
to |W. Temporary overioads up to 300 mW with Series
42004 sensors and up to 2W with Series 4200-5 sensors will
dor no permanent harm to the instrument or the sensor,

When measuring pulsed signals. the power indications are
accurate up to 20 microwatts peak power (200 microwatts
with Series 4200-3 sensors). External attenuators may be
used to extend the measurement range of the instrument.

¢. Low Noise, The instrument has been designed and
constructed to minimize noise from all sources. The sensor
cable is of a special low-noise design: vigorous flexing
causes only momentary minor deflections on the most
sensitive range of the instrument. The sensors are insensi-
tive to shock and vibration: even sharp tapping on the
sensor barrel causes no visible deflection on any range,
Internal signal amplification occurs at approximately 94
Hz, thercby reducing susceptibility to 50 or 60 Hz fields. A
low-noise solid-state chopper is used.

[+ 8
=~
2
)
¢
un

lzy. Measured power levels are displayed

. play. Measured power levels are di
by a 4 digit, LED type readout with decimal points and
minussign. Annunciators associated with the LED display

imdisrnts tha "";'S nl masguiramaamt Tho .-nsuh :s a rlosr
MGKAWT e UNie O DICELUreichnu i Of SSUin @ wwedr.

unambiguous readout that minimizes the possibility of
misinterpretation. The display is also used 10 show daia
beingentered into non-volatile memory and to display data
recalled from non-volatile memory: the display and annun-
ciators biink on and off during data entry and recall to
indicate that displayed values are not méasured values.

¢. Analog Indications. A {ront-panelanalog meter pro-
vides relative power indications for peaking or nulling
applications. A dc voitage proportional to the measured
power level isavailable at a rear-panel connector for appli-
cation to a recorder or other external device.

f. Pushbutton Measurement Mode Selection. A choice
ol measurement modes is available to the operator. Tadica-
tions in terms of power or d Bm can be selected by pressing
the appropriate front-pane!l key switch. A dB reference
level can be entered through the keyboard and a display
mode selected to indicate power levels in dB. refative to a
dB reference level.

g. Automatic Ranging. Autoranging under control of
the microprocessoreliminates the need for manual ranging.
Alternately, a measurement range can be retained for all
measurements. i Jesired. by selecting the range hold mode.
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Applications of power jevels that exceed the maximum or
minimum measurement capability of the instrument (or
range in the hold mode) results in an error indication on the
LED display.

h. Automatic Zeroing. An automatic zeroing circuit
eliminates the need for tedious. often inaccurate, manual
zeroing. With zero input to the sensor. pressing a front-
panel key switch directs the microprocessor 1o compute
and store zero corrections for each range. and the instru-
ment is thereafter corrected on each range in accordance
with the stored data. This method is considerably simpler,
faster. and more accurate than manual zeroing.

i. Automatic Sensor Compensation. Calibration fac-
tors for up to eight sensors may be stored in the micropro-
cessor. Calibration data is written into non-volatile storage
at the factory for sensors ordered with the instrument:
calibration data may also be written into storage in the
field. When the sensor being used and the measurement
frequency are specified through front-panel kevboard
eniry. measurement valuss are corrected automatically
with calibration factors. Alternately, the calibration factor
in dB for a particular sensor being used may be entered
through the keyboard. and the measurement values are
then corrected automatically in accordance with the correc-
tion factor. Both power and dB values are corrected.

. . Bailt-in Power Reference. An accurate. 1.000 milli-
watt. 50 MHz signal for instrument calibration is provided
by & built-in power reference. Calibration is simpiy a matter
of connecting the sensor to the power refercnce. and press-
ing a key: the calibration correction is computed automati-
cully by the mieroprocessor. The calibration circuit has
built-in protection against inadvertent key actuation when
the sensor is not connected to the power relerence: calibra-
tion correction is limited to approximately 7.5% from the
original factory set value. Computed calibration corrections
that exceed this range are rejected automaiically, and the in-
strument returns o its previous sensitivity, [ the instrument
is supplied with a 735-ohm sensor (4200-4C), an adapter
{P/N 950006 is also supplied. This adapter is used between
the power reference and the sensor (o convert the Type N
power Teference connector to a 73-ohm Type N. Before
calibration. 2 0.17 dB CAL FACTOR should be entered to
compensate for the mismatch error that is introduced by the
75-0km sensor, -

k. Pushbutton High/Low dB Limit Selection. High,
low dB limits may be entered through the [ront-panel
Kevboard. A [ront-panel annunciator indicates when mea-
sured d B levels are outside the preset imits. Signalsare also
activited at a rear-panel connector to provide remote indi-
cations of out-of-limit measurements.

l. Solid-state Chopper. Signal amplification in the
instrument occurs at approximately 94 Hz. Input signais
from the sensor are converted into a 94 Hz signal by a
solid-state. low-level input moduiator (chopper), which
represents a distinet improvement over electromechanical
choppers. Extended service life is assured through the elimi-
nation of contact wear, contamination. and other problerns
associated with electromechanical choppers.

m. Signature Analysis Maintenance. Connection facili-
ties to permit signature analysis maintenance are incorpo-
rated. Digital circuit troubles can be localized rapidly and
accurately using the signature analysis maintenance tech-
nigue.thereby reducing instrument down-time. A diagnos-
tic ROM (P; N 961003) is available from Boonton Elec-
tronics Corporation {or signature analvsis maintenance.

1-7. ACCESSORIES.

1-8. The following accessories are supplied with the
instrument:

a. AC power cord
b. Sensor cable

1-9. The Series 4200 sensors are not supplied with the
insfrnmpnf and must he orderad Refartn Tahla 1.2 fcrt;"e

............. HH uwial. SHE=I SR A a1

sensor characteristics.

110, If the instrument is ordered with sensorfs) the seasor
calibration data is programmed into the instrument at the
factory. If additional sensor(s) are required after the
instrument is in the field, the new sensor calibration data
can be field installed.

1-11. OPTIONS. o

1-12. The foliowing options are. available for the
instrument:

a. Rack mount hardware kits.

b. -01A IEEE Bus Interface.

¢. -01B IEEE Bus interface.

d. -03 Second Input Channel.

e. -04 Rear inpui.

f. -06 Internal TMA (MATE). Requires -01B Option.

g. -5/17 Two Inputs On Front Panel. Requires -03
Option.
1-13. Information concerning the Option is included in the
Appendices of this manual.

1-14. Please direct all special instrument applications
questions to the Applications Engineering Department of
Baoonton Electronics Corporation.
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1-15. SPECIFICATIONS, 1- 17 OUTLINE DIMENSIONS.
1-16. Performance specifications are listed in Table 1-1. 1-18. Qutline dxmensxons of the instrument are shown
Figure 1-2,
TABLE 1-1. SENSOR CHARACTERISTICS
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TAéLE 1-1. PERFORMANCE SPECIFICATIONS (Cont.)
Parameter Specifications
RANGING Autcranging plus held on range

BASIC MEASUREMENT
ACCURACY The total accuracy
of the Model 4200 system,
including sensor, is the sum of
the uncertainties noted in sec-
tions A, B, Cand D. These
uncertainties may also be added
in an RSS fashion which repre-
sents the most probable totai
uncertainty.

RSS = (tA* + B* + C* + D=

When operated as a dual-channei
instrument {option — 03). total
uncertainties of A must be muiti-
plied by a factor of two.

A. Basic Uncertainty {includes all instrumentation, noise, zero, and shap-
ing errors and includes 0.7% power reference setting error) :

Uncertainty
Senser Input Level . Power dBm
4B/CIEIG >10nW 1.2% rdg=0.1% fs
. <10nW 1.5%rdg>1.5% fs

SE =100 nW 1.2% rdg =0.1% fs
<100 oW --- 1.5% rdg=1.5% fs see

6E =>1 pW 1.2% rdg=0.1% fs curves
<ipW 1.5% rdg=1.5% fs below

7E >10 uW [.2% rdg=0.1% fs
<i0 pW [.0% rdg =3.0% f5

8E >100 pW 1.2% rdg=0.1% fs
<100 pW 1.0% rdg =3.0% fs

4K 10 pW (=20 dBm) ar *6% rdg *=(,25%
22 GHz

4K A 10 oW (—20dBm) at + [3% rdg =0.50*
33GHz

40Q 10 pW (=20 dBm) at +=13% rdg =0.50+
40 GHz

417 I0aWto 10 mW at 6% rdg *=0.25*
40 GHz 10 60 GHz -

a4V 100Wto 10 mW at *6% rdg *0.25%
50 GHz 10 75 GHz

4w i0nWto 10 mW ar +6% rdg =0.25%
75 GHz w0 110 GHz

WRD180 10nWto 10 mW at *6% rdg ={.25*
18 GHz 10 40 GHz

N
=}

o

ouy
(=)

UNCERTAINTY IN dB

i M
L |

Y

. N
; 95 ﬁ‘S%:ies
N

o

e
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TABLE 1-1. PERFORMANCE SPECIFICATIONS (Cont.)

Parameter - Specifications

[PU———

[I———]

P

[ ———

[R

B. Temperature Uncerzainty (at [ MHz)

Uncertainty
Temperature Instrument All Sensors
21°C to 25°C (reference) 0% {0 B} 0% (0 dB)
18°C to 30°C 0% (0 dB) +2.329 (% 0.1 dB)
. lFCrodleC - +4.7% (£0.2 dB) £4.7% (£0.2dB)
0°Cto 55°C 5% (£0.25 dB) '

C. Calibration Factor Uncertainity

Coaxial Sensor Calibration Factor Uncertainty

. Sensar Frequency GHz
19+
05" | <2 2 3 4 -] [} 7 8 9 10 n 12 13 14 15 16 17 18 | 285
48 {51011)
Max, % 0 1.3 3¢ 20 as as as 35 30 40 40 45 45
ASS % o @B 17 17| 7] 18 19 [ 20 | 21 | 25 | 25 | 24 |- 3¢
4C (51012;
Max. % o] 13
RS8S % a 13
4E (57013)
Max, % 0 13 | 30 | 30 | 35 | 35 | 35 | 35 | 40 | 40 | 40 5 60 | 60 | 60 | 60 | 60 | BO
RSS % 0 13 118 118 | 18 19 | 20 |20 122 1 28§ 25 |27 20 | a4 | 2s 22 033 | 3 34
4G {51051} .
Max, % Q 1.3 30 jeXs] 35 35 35 s 40 40 4.0 4.0 45 80 6.0 60 80 60 640 6.0
R3S % 0 13 1.7 1.7 .7 1.7 1.3 1.2 20 24 23 22 26 3.0 28 28 239 28 a 3.4
. 5E (51015)
Max. 9% 1] 13 39 30 35 35 35 35 40 40 49 a0 45 50 80 &0 50 50 60
RASS % a 13 1.7 1.7 1.7 1.7 18 13 20 | 24 23 2.2 28 |30 28 28 29 28 31
6E (51033)
Max. % ] 13130 0 30 | 35 ] 35 | 35 | 35 | 40 | 40 [ 40 | 40 [ 45 | 60 {60 | 80 { 60 | 60 | 80
RSS % ] < T I - A T S R S I O 4 18|19 |20 | 24 | 23 | 22 | 28 | 30 |28 | 2B {28 | 28 | a1
7E (57016) . -
Max. % o T3 |36 | A0 | 35 | 35|35 |35 |40 |40 | 40|40 %5 |60 |60 60|60 | 60| 80
ASS o G 1.3 18 18 18 .8 19 20 21 25 24 28 23 33 31 31 3.2 30 34
8E (51017) :
Max. % a 13 3.0 30 35 s 35 35 40 40 40 4.0 45 &0 60 6.0 &840 €0 &0
RSS % 0 1.3 1.8 18 1.3 1.8 15 20 2.1 25 24 26 28 33 Al a1 32 30 34

* Aeference Frequency = S50 Mz, Note: CAL Factors are supplied at every 1 GHz.

Wavegulde Sensor Cal:bratlon Factor Uncertainty

At Over At Over At Quer At Over
Sensor 2:: Retf. | Sensor Sensor g::z Rei. | Sensor Sensar g::z Rei. | Sensor Sensor g;’__" Ret. | Sensor
Z |Freq.| BW Freq.| BW Freq. | aw Freq.| Bw
4K (51035} 22 40 (51037) 49 4V (510486) 60
Max. % 6 ] Max. % 10 13 Max. % 12 13 WRD-130 | 3
RASS % 5 3 RES % 8 7 RSS % BN g (51372, s
4Ka (51036)] 33 44} (51045) 4¢ 4W (51047} 94 Max. % ] 10
Max. 9% & 10 Max. % 10 13 Max. % 12 13 RSS % 3 7
RSS % 5 7 RSS % 8 B RSS % g N

Note: For waveguide sensars, the reference calibration is at =20 dSm.

D. Power Referencc Uncertainty. Power reference accuracy is +1.2%
worst case for one year (0° 10 55°C). When calculating the sum of the
uncertainties, cnly include 0.5% for the power reference as the remaining
0.7% is included in A above.
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TABLE 1-1. PERFORMANCE SPECIFICATIONS (Cont.)

&

Parameter

Specifications

POWER REFERENCE
Source

Power output

CALIBRATION
ZERO
CALIBRATION FACTOR

MEASUREMENT TIME

RECORDER QUTPUT
Watt Mod'e

dB Mode

DISPLAY

dB LIMITS

ANNUNCIATORS

POWER CONSUMPTION
WEIGHT
DIMENSIONS

ACCESSORIES FURNISHED
ACCESSCORIES REQUIRED

Internal 50 MHz oscillator with Type N female connector on front pane!

1.00 mW. factory set to £0.7¢. traceable to National Bureau of
Standards, £1.2% worst cast for one year (0° to 55°C)

Froni panel key automatically calibrates instrument to powsr reference
Automatic. operated by front-panel switch

+3.0dB to —3.0 dB ranges in 0.01 dB steps. entered through front panel
Keys: aliernately. stored calibration fuctors are interpolated finearly and
applicd automatically to readings when the frequency is entered through front
panel keys. Up to 20 individual calibration fuctors for up 1o 8 power sensors
can be stored in non-volatile memory.

Diode sensors, typically 0.2 to 0.5 s except 2-6 s below -40 dBm
Thermocouple sensors. typically 0.5 to 6 s for increasing levels, 0.5 10 14 s
for decreasing levels '

See Table -3
10 volts full-scale, proportional to indicated power over each range
8 volts equivalent to 0 dBm for all sensors with a sensitivity of | volt per

10 dB change over the entire range.

4-digit LED. 3-1/2 digit display of power. 4-digit display of dB with 0.01
dB resoiution. Auxiliary analog display. uncalibrated. proportional to
recorder output

Entered through front panel in dB only. operabie in both dB and
power modes

LED display of mW, uW. nW. dBm. or relative dB (dBr); LED indication
of use of channel | (CHI), channel 2 (CH2, option -03). and channel 3
(CH 3= CHI! - CH2 in dB): out of dB limits; and conditicn of GPIB
activity (LSN, ATN, REM. AND TALK, option -01)

24 VA: 100, 120, 220. and 240 volts, 50 to 400 Hz

4.54 kg (10 Ibs.) approximately

14.9 cm high * 21.1 wide * 34.9 deep (5.85 in. x 8.3 = 13.75)

5 foot power sensor cable. Model 41-2A, for each sensor ordered

One or more of the power sensors:
Refer to the Sensor Characteristics.
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TABLE I-1. PERFORMANCE SPECIFICATIONS (Cont.)

Parameter

Specifications
OTHER ACCESSORIES

AVAILABLE

Part No. 950000 Rack mounts one Model 4200, placed either right or left on 19-inch
spacing

Part No. 950001 ) Rack mounts two instruments, side-by-side ,

Part No. 950002 Rack mounts one Modei-4200 with older Boonton half-rack units, right or
left

Part No. 950037 Rack mounis two instruments, side-by-side, with fuli extension and

locking chassis slides

Part No. 950038 Rack mounts one Model 4200, placed either right or left of an accessory

storage tray. Provision for front connection to dual-channel rear inputs.
Full ex:ensmn lockmg slides

OPTIONS -01A and -01B Remote Operation to IEEE Bus Standard: All front panel controls except line
switch and power reference switch. In addition individual power and dB ranges

may be selected and selectively zeroed. Listen/talk address set by rear-panel bit
switch.

The 4200 implements these subsets of the GPIB function

SHI Source Handshake, complete capability "LE0 No Extended Listener capability-
AH! Acceptor Handshake, complete capability SRI Service Request capability
T6  Basic Talker, Serial Poll. Unaddress if MLA, No  RL2 Remote-Local capability. No Local Lockout
Talker Only capability PP0 No Parallei Poll capability ‘
TED No Extended Talker capability DCO No Device Clear capability
14  Basic Listener, Unaddress if MTA, No Lxstener DT1 Device Trigger capability
Only capability C0 No Controller capability
Note

MLA == My Listen Address
MTA = My Talk Address

In addition to the talk and listen commands, the 4200 responds to the following:

GTL, Go to local; GET, Group Trigger; UNL, Unlisten; UNT,
Untalk; [FC, Interface Clear; REN, Remote Enable.

Output Data Format:
abcsddddEsd, S, R (¢r) (1)

ab = Mode: power, dBm, dBr  d = Data digit d = Data digit
¢ = Channel number E = Exponent marker S = Status code
s = Sign s = Sign . R = Range code.

QOutput Data Spead:
Free run access time is 55 ms, or 18 readings per second.

-03 TInput Channel 2: Allows display of either Channel 1 or Channel 2, or
Channel 3 which is Channel | minus Channel 2, expressed in dB.
Requires use of two power sensors. Precludes use of option -02.

Channel | operates independently of Channel 2. Measurement
parameters are entered and stored separately for each channel.
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TABLE 1-1. PERFORMANCE SPECIFICATIONS (Cont.)

-04
-06

-S/17 Two Inputs-On Front Panel. Requires -03 Option.

In Channel 3 operation, GHzentry applies the appropriate calibration
factors for that frequency separately to Channe! | and Channel 2.
Other measurement parameter entries made in the Channel 3 mode
do not respond and those previously made for Channel | and
Channel 2 remain active. '

The recorder output is driven by Channel | or Channel 2 as selected. In
Channel 3 operation the recorder output reverts to Channel 1,

Rear Input: Duplicates front p'anelVCharmeI 1 input connecror.
Internal TMA (MATE). Reguires -018 Option.

TARLE 1.2, SENSOR CHARACTERISTICS
Drift and Noise
Modwet PWR range 0;:::“ Max, SWR Lowest Range
(tmpedance) Freq. fange {Watts) o "“g) . i X
(RF Connectar) (dBm) wEm) | Drift (typical) Noise (typical)
Frequancy SWR 1Hr RAMS 2z
DIODE SENSORS
$1011 (48} 100 kHz 10 12.4 GHz 1 nW 1o 10 mwW 300 mw 100 kHz ta 2 GHz 112 1150 pwW 65 pW 130 pwW
500 - -0 +10d8m +25dBm 2GHz 10 4 GHz 1.2
NM) 4 GHz o 11 GRz 1.4
11 GHz10 12,4 GHz| 1.8
§1012(4C) 10Q kHz 1@ 1 GHz 1nW1o 10 mW 200 mw 100 kHz 00 1 GHz 1.18 150 oW 65 oW 130 pW
750 =E0to =10 dBm +25dBm :
MN(M) .
51013 (4E} 100 kHz o 18 GHz 1 0W o 10 mwy 300 mw 100 kMz t0 4 GHZ 1.3 180 pW 65 oW 120 pW
50 ~5G @ + 10 dEm + 25 d8m 4 Grizte 10 Grx .3
N{M) 1WEH21@ 18 GHE | 1.7
S1051 4G) 1 MHz w0 26.5 GHz 1 nW o 10 mw 300 mw 1 MHzto 124 GHz | 1.28 100 pW 30 pW 60 pW
500 -6010 +10 abm +2548m 12,8 GHz 10 18 @Hz| 1.37
APC 3.5 (M) 18 GHz 1o 26.5 GHz| 1.52
1015 (S8} NS0 KMz 18 Gz WV o 10T W w 180 kMzis 1 Gz 1.07 150w eas o T.anW
on =50t +2049m +23d8m 1GHzw 2 GH2 110
Ni{M) . 2GHz o4 GHz 112
4GHz1012.4 GHz | 1.18
12.4 GHz 19 18 GHz| 1.28
51033 (EE) 100 kiHz to 18 Grz 100 nWio 1w 2w 100 kHz ta 1 GHz 1.07 15 nwW 8.5 nW 13 W
500 =40 to +30c8m +33 dBm 1GHz w2 GHz 1.10 .
NiM) 2GHz w4 GHz 112
4GHzt0124GHz | 118
12.4 GHz to 18 BMz| 1.28
THERMOCQUPLE SENSORS _
51016 (7E) 10 MHz 10 18 GHz 1 Wi 10 mW 30 mw 10 MHzZ 1o 15 MHZ 1.5 450 nw 150 nW | 300 nW
500 -0 +10d48m +1548m* | 1SMHZte 10GHZ | 1.28
Ny WEHz1018GHz | 1.8
~ Therr Pulse Char at 259 N 1 pulse energy = 5 Weusac.
Maximum pulse power = 1 W, Maximum pulse curanon at maximum puise power = 5 asec,
S1017 (88) 10 MHz 19 T8 GHz 10 WW 1o 100 MW 200 mW 10 MHZ 1015 MHz | 1.5 4.5 W LE W |3 uW
501 =201 +20dBm +23aBm” | 15 MHz1010GH2 | 1.28
N(My 1 GHZ 10 18 GHZ | 1.6
* Ther pla Puise Char a25"Ci M t pulse energy = 30 Weusec,
Maximum puise power = 15 W, Maximum pulse durahon at maximurn pulse pawer = 2 ysec.
WAVEGUIDE SENSQORS
50135 (4K) 18 GHz w0 26.5 GHz 10 AW 19 10 mW 100 mw 18 GHz w9 26,5 GHz| 1.2 200 W GOpW | 120 pW
WR-a2 =50 10 +10aBm +20 dBm
UG-595/ .
51972-WRD 18 GHz to 40 GHz 10 nW to 10 mw 100 mw 18 GHz to 40 GHz 1.3 200 pW 80 pW 120 pW
WRD180C24 -50w +70 aBm +20 aBm
51036 (4Ka) 26.5 GHz 10 40 GHz 10 W tg 10 mw 100 mw 26.5 GHz to 40 GHz| 1.3 &0 pW 15 oW 30 pW
WR-28 ~50w0 +104Bm +20 dBm f
ViG-599/U B
51037 (4Q) 33 GHz 10 50 GHz 10 AW 10 10 mW 100 mw 33 GHz 14 50 GHz 1.3 EQ pW 15 oW 30 pwW
WR-22 -5010 +10dBm +20 dBm
UG-383I0
51045 [4U) 40 GHz w0 60 GHz 10 nW 10 10 MW 100 mw 40 GHz 0 60 GHz 1.2 60 pW 15 oW 30 pwW
WR-19 -850 +10dBm +20 ¢Bm
UG-38314
510485 (4V) 50 GHz 19 75 GHr 18 W 10 10 mW 100 mw 50 GHz 10 75 GHz 1.3 B0 pW 15 oW 30 pwW
WR-15 =301 +10d8m +2038m
UG-3851Y
51047 {4W) 75 GHz to 110 GHz 32 AW o 10 mW 100 mwW 7EGHrw 110 GHz | 1.2 &0 pw¥ 15 pwW 30 oW
WR-10 —4a51¢ + 10 4Bm +20 ¢Bm
UG-38TIV

NGTES: - Will withstand shon perods of overioad, exlended overload operanon may resuit in permanent change in charactensucs or Surnout.

Fower ineanty uncerainty: (werst £ase) 48, 4C, 4E (003 = ) a2 per A8 adove +4 dBm: (above + 14 dBm lor the SE and above + 24 gSm tor 1ne 6E),
where #1510 GHz. Olher sensers: neghgible,
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Table 1-3A. Model 4200 and DIODE SENSORS: M‘easuremcnt Speed through the IEEE Bus

Starting Level, dBm

10-dB Power Step

20-db Power Step

30-db Power Step

50~db Power Step

‘ |
[-4E Sensor | -5E Sensor | -6E Sensor ! increasing | Decreasing| Increasing | Decreasing| Increasing | Decreasing | Increasing | Decreasing Il
-60 -50 -40 i 0605 N.A. 0.65 N.A. 045 s NA 0.50'5 N.A.
-50 40 -30 E 0.60 s 545 0.40 % N.A. 035 NA. 0.50 s NA.
40 -30 -0 1 0405 10s | .035s . Sas 0.40's N.A. 0.35s N.A.
-30 =20 -0 : 0.35s 0.50s 0355 I.Gs 0403 545 NA. N.A,
-20 =10 0 : 0.35s 030s 0.35s 0.55% 030 185 N.A. N.A
-10 0 +10 020 0.25s 0.15 0255 N.A. 0.70's NA. 6.0
0 -0 +20 E 0.15s 0355 N.A. 0.35s N.A, 0.50 s N.A. .75
“10 20 0 T NA 0.35 s N.A. 0.35s N.A. 0.60s N.A. 10

Table {-3B. Model 4200 and THERMAL (true RMS) SENSORS: Measurement Speed through the JEEE Bus

Starting Level dBm

10~dB Power Step

20~db Power Step

30=db Power Step

40-dh Power Step

:
i
=7 Sensor | -8E Sensor E Increasing | Decreasing | Increasing | Decreasing| Increasing | Decreasing | Increasing | Decreasing
-30 -0 : 605 N.A, 1.0s N.A. 015s NAL 035s N.A,
20 _10 Po10s 40s 0.75 s N.A. 035s N.A. N.A. N.A.
-10 0 i 0.75 s L6s 0355 6.l NA. N.A. NA. N.A.
0 -10 i 0.25s. LSs NA. 275 N.A. 9.0 N.A. N.A.
+10 +20) i N.A. 0.50s N.AL 40s N.A. 1345 N.A. 14.0s
NOTES: 1. “Measurement Speed™is the time required to make measurements within 0.1 dB of finai value on the ending range.

(%]

using an HP-85 controller. The fres-run access time is 55 ms (18 measurements per second).

per second.

. These are typical speeds {in seconds), using the Display-Hold (“Q" command) measurement mode.

. With dualchannel operation (i.e.: with Option -03 instailed), the measurement rate is two sets of readings

TABLE 1-3. MAXIMUM RESPONSE CHART FOR SERIES 4200-A SENSOR.
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Tabie 1-3C. Mode! 4200 and DIODE SENSORS: Measurement Speed through the [EEE Bus

Starting Level, dBm § 10-dB Power Step 20-db Power Step 30-db Power Step §0-db Power Step

H
:ﬁ; :‘l& ;%D?éb i Increasing | Decreasing | Increasing | Decreasing | Increasing | Decreasing | Increasing | Decreasing

Sensors !

—50 : 0.60 5 N.A. 0.65 5 N.A. 045 N.A, 0.50 s N.A

—40 i 0605 1L0s 0.40 5 NA | 035s NA. 0.50 5 N.A.

- 30 g 0.40 s 0.55 0355 105 0.40s N.A N.A. N.AL

-0 i 6.35s 8.35s G035 0.55s G40 s 105 N.A. NA

-10 0.35s 0.35s 0.35s 0355 N.A. 0.55s N.A. NA

0 0.20s 025s N.AL 0355 N.A. 0.35s N.A. L7s

+10 N.AL 0355 N.A. 0.35s N.AL 035 NA, 1.0s

using an HP-85 controller. The free-run access time is 55 ms (18 measurements per second).

2. These are typical speeds (in seconds). using the Display-Hold (*Q™ command) measurement mode.

per second.

NOTES: 1. “Measurement Speed™is the time required to make measurements within 0.f d B of final value on the ending range,

3. With dualchannel operation (i.e.: with Option -03 installed). the measurement rate is two sets of readings

TABLE 1-3, MAXIMUM RESPONSE CHART 2 FOR INSTRUMENT AND 4240 SENSOR (Cont.)

1-10
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Figure 1-2 Qutline Dimensions
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Section I
Installation

SECTION II
INSTALLATION

2-1. INTRODUCTION,

2-2. This section contains instructions for the installation of
the Model 4200 R¥F Microwattmeter.

2-3. INSTALLATION.

2-4. Unpacking. The instrument is shipped complets
with sensors (if ordered), and is ready for use upon
receipt. Packaging details are shown in Figure 2-1.
Unpack the instrument carefully, and inspect it for any
signs of shipping damage. Should any damage be noted,
notify the carrier and the factory immediately.

NOTE

Save the packing material and container for
possible use in reshipment of the instrument.

2-5. Mounting. For bench use, choose a clean, sturdy,
uncluttered surface. See Figure 14 for space require-
ments. For rack mounting, an accessory package, part
number 950000, is available to mount one instrument;
and another package, part number 950001, is available to
mount two instruments side-by-side. :

2-6. . Power Requirements. The instrument has a tapped
power transformer which permits operation from 100,
120, 220, or 240 volt +109, 50 to 400 Hz, singie phase ac
power sources. Power consumption is approximately 24
volt-amperes at 60 Hz.

2-7, Cable Connections. Interconnecting cable con-
nections required depend upen the options installed and
the systemn applications of the instrument, A line cord and
sensor cable are supplied with the instrument. Any other
cables required must be supplied by the user. Cable connec-
tions that may be required are as follows:

Figure 2-1 Packaging Diagram

2
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a. Sensors. The sensor cable supplied with the basic
instrument connects directly to the front-panel SENSOR
connector, and the sensor that is to be used for power
measurements connects direcily to the other end of the
sensor cable. Although the sensors are insulated against
extreme temperature variations, it is advisable to locate
the sensor away from heat sources when using the most
sensitive ranges of the instrument. If the instrument is to
be used to measure the output of equipment that gener-
. ates heat significantly above the ambient temperature, a
short length of coaxial cable or solid line having the same
characteristic impedance as the sensor may be used

between the sensor and the equipment undergoing test to |

aliow heat to dissipate before reaching the sensor. if such
acable is used, the length must be kept as short as possible
for operation at the high end of the frequency range; cable
losses and an increase in SWR will tend to degrade mea-
surement accuracy.

NOTE

The front-panel SENSOR connector is the
input connector for channel 1 measurements.
If the instrument is equipped with option -03,
a sensor may be connected to the rear-panel
connector marked SENSOR; the same condi-
tions apply to this sensor conmection. The
rear-pane! connector is the input connector
faor channel 2-measurements.

b. Recorder QOutput. Récorder connector J20 (type

BNC) on the rear panel provides an analog dc voltage for-

application to a remote recorder. The output resistance is
approximately 9000 ohms, delivering 1 milliampere intoa
1000 ohm load for full scale input in the power mode. The
analog de voltage is proportional to the following:

(1.} In the power mode, it is proportional to aisplayed
power, with 10 volts for full scale each range. either
channel.

(2.} Inthe dB mode, it is proportional to displayed dBm
with the relationship shown following:

Recorder Qutput
Sensors Series
4/7/K/Ka 3/8 6
QIUIVIW/
WRDI180
dBm Volts
+ 30 - - °
+20 - 9 8
+ 10 9 8 7
0 8 7 6
-10 7 6 3
=20~ 6 5 4
-30 5 4 3
—40 4 3 2
—30 3 2 -
- =80 2 — -

(3.‘) In the channel 3 mode (option), it is similar to the dB
mode, but for the channel | level only.

¢. Status Qutput. Rear-panel connector P3 provides
signal outputs for input disconnect during zeroing
operations and high and low DB limit signals during dB
measuremernts. The dB limits always test against the
displayed value for operation. With the calibration factor
and dB reference level equal 10 zero, the dB iimits as
entered prevail. With a dB reference level other than zero,
the dispiayed value is checked against the limits chosen.
In the channel 3 mode (option), the first limit exceeded,
whether channel 1 or chiannel 2, activates the limit status.
Pin connections are as follows:

Connector Pin Signal”
1 Commeon
2 Not used
3 Logic high indicates zeroing
----- — operation
4 Logic low within dB limits;
logic high above high dB limit
5 Logic low within dB limits;
. logic high beiow low dB limit
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SECTION III
OPERATION

3-1. INTRODUCTION.

3-2. This section contains the operating instructions for the
Model 4200 RF Microwattmeter.

33. OPERATING CONTROLS,
* INDICATORS, AND CONNECTORS.

3-1. The controls. indicators. and connectors used during
the operation of the instrument are listed in Table 3-1 and
shown in Figures 3-1 and 3-2.

3-5. SENSOR CALIBRATION DATA.

3-6. Culibration corrections for sensors ordered with the
instrument are written into microprocesser storage at the
factory befare shipment of the instrument and sensor. A
copy of this information is stored under the right side cover.
When the CAL FACTOR GHz function of the instrument
is used during measurement. the microprocessor reads and
interpolates the stored data on the basis of the specified
measurement frequency. and corrects all measurement
vaiues accordingly. The microprocessor memory has stor-
age capacity for calibration data for up to eight sensors.
Calibration corrections vary for different sensors: therefore,
if sensors are to be substituted or added in the field. calibra-
tion data for these sensors must be written into memory in
the field in order for the CAL FACTOR GHz function to be

accurate. Refer tw paragraph 5-37 for calibration data entry
procedures.

3-7. POWER APPLICATION.

3-8, The basic instrument is designed for operation from a

100. 120, 220, or 240 volt. 50 to 400 Hz. single phase, ac
power source. To apply ac power, procesd as follows:

2. Determine the line voltage at the ac power output
receptacle.

b. Set the two slide switches on the rear panel to conform
w the avuilable ac line voltage.

¢. Check the rating of the fuse in the rear-panel fuse-
holder. For 100 or 120 volt operation. the fuse should be a
0.3 ampere. MDL Slo-Blo type: for 220 or 240 volit opera-
ticn. it should be 2 0.2 ampere. MDL Slo-Blo type. If the
rating of the fuse is incorrect, install a fuse of the required
rating in the fuseholder.

‘ WARNING I

The instrument is designed to operate from a

rmi ” - - .
3-terminal (one ground) ac power receptacle.

If oniy a 2-terminal ac power receptacle is avail-
able. use a 3-prorg to 2-prong adapter. Connect
receptacle ground to eliminate a potential shock
hazard to the operator.

d. Connect the power cord between the ac power con-
nector on the rear pane! of the instrument and the ac power
receptacle (with adaptor, if necessary),

3.9 PRELIMINARY CHECKOUT

NOTE

The following checkout procedure is intended
merely to demonstrate that the major circuits of
the instrument are operating before the instru-
ment is pluced for service. For a detuiled check
of the instrument against performance specificu-
tions, refer to paragraph 3-34.

3-10. To perform the prefiminary checkout. proceed as
follows:

" a. Set the LINE switch to the ON position.

b. Check operation of the LED display and the
numerical keys by pressing the following keys in the

3-1
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TABLE 3-1. OPERATING CONTROLS,
INDICATORS, AND CONNECTORS
Conrrol. Indicator | Figure and Control. Indicator, | Figure and )
or Connector Index No. Function or Connector Index No. Function

LSN. ATN, REM, 3-1.1 Indicates operation of SELECT keys 3-1.12 | Provides means for

and TLK IEEE-488 bus interface CHNL key entering and recalling

annunciators (option -0f). channel and seasor

Meter 3-1.2 Indicates power and SENS key serial numbers.

. *S/N
dB levels for peaking
and nuiling operation. REFLEL 3-1.13 Provides means 1o set
CHI. CH2. and 3-1.3 | Indicaies channei in I8 ey the dB reference
. «SET | level.

CH2 annunciators use.

MODE keys 3-1.4 | Selects LEDdisplyy | SR key 113 | Provides means for
Lo - LCL clearing incorrect
mdication mode digit(s) entry. clearing

W . Lhia - =
(POWER or dB) dB calibration factor

RANGE keys 3.5 Selects ranging mode and dB reference level

{AUTQO or HOLD). 10 zero. and returmns
) .. keyboard control from
spit 3-1. o

LED display 6 Eﬁ;:rl:?;{ir[itl;:‘enanus IEEE-488 bus control.
sign and decimal Numerical. 3-1.15 Provides means for
points: provides dectmal point. and entering signed
numerical indication and CHS keys numerical data.
ggﬁef:gejfﬁzmer or LINE switch 3-1.16 Provides means for
entered or recalied turning AC !{,ncn.
throueh keyboar d. puwer on and off.

OF eITOr Messages. POWER REF 3-1.17 | Supplies | mW level
. . HMNeCtor at 50 MHz to 30 ohim

mW. oW, and oW 3-1.7 Indicates units of “ L

annunciators power when instru- ;:‘{)E(IIS g};fn»i’?\: ER at
ment is operating in i .1 R e
power mode. to ON position.

dBm and dBr 3-1.8 Indicates dB mode in SENSOR 3-1.18 Provtde..q means for

. . connector connecting sensur o
annunciators use when instrument =
is operating in channel t input.
dB mode. CAL key 3-1. 19 Provides means for

LIM annunciator 3-1.9 Indicates when power caltbrating PStru
level in dB is outside ment when sensor b
selected dB limits, connected to [ mW

source.

LIMITS dB keys 3-1. 1 | Provides meuns for ZERO key 3-1.20 | Provides means for

CAL FAC kevy

entering and recalling

dB limits (LO and HD.

Provides means for
entering and recalling
calibration factors in
terms of dB or
frequency.

generating and storing
7ero corrections for alf
ranges with zero input
t0 sensor.




"Section 111
-Qperation

TABLE 3-1. OPERATING CONTROLS, INDICATORS., AND CONNECTORS (Cont.)

Coatrol, Indicator | Figure and Control. Indicator, | Figure and
or Connector Index No. Function or Connector Index No. Function
3-2.1 Connector for IEEE- Power connector 324 Provides connection
488 bus operation J1 connector for power cord.
{option -01), . .
. o s . ) LINE VOLTAGE 3.2.5 Provides meins tor
S1swiich 3-2.2 P“’"“_je" means for selector switch selecting proper line
selecting msmlxment voltuge.
address when instru- ) )
ment is equipped with INPUT 3-2.6 Provides means for
IEEE-4128 bus interface | connector connecting sensur o
. . - DR
option {option -01A) channel 2 Input
and message erminator, - e (option (13).
P3 connector 3-2.3 Provides logic level INPUT 3-2.7 Alternate position for
signals for input Connecion INPUT chunnel |
disconnect during foption 04,
Zeroing operations RECORDER 3208 Provides means for
and high and low dB connector connecting znalog
limit signals during DC voeltage o remote
dB measurements. recorder.

sequence indicated and noting the LED display:
Press Dispiay
0000
0000,
000.0
00.61

nnt
LN

0123
0000
0004
0045
0456
4567
0000
0008
0089
CHS -0089
CLR 0C00

¢. Enter measurement parameters by pressing the fol-
lowing keys:

0
=
o

0
W

)
Woo T oyt TR O
v

! SELECT CHNL
MODE dB

RANGE AUTO

0 CAL FACTOR dB
0 REF LEVEL dB
-90dB LIMITS LO
-90 dB LIMITS HI

d. Connectthe sensor cable to the front-panel SENSOR
connector, and connect the sensor 1o the free end of the
sensor cable. Note the sensor number indicated on the
barrel of the sensor, and enter this number through the
numerical keyboard by pressing the numerical key corres-

34

ponding to the sensor number and then pressing the
SELECT SENS keys. (Example: 2 SELECT SENS.)

e. ChecktoseethatthedBmand CHI annunciators are

lighted.

f. With zero input to the sensor, press the ZERO key:
the instrument will now begin the zeroing process. The
instrument display during the zeroing period will be “ccee.”
Upon completion of zeroing. the display will be “cc03.™

g. Connect the sensor to the POWER REF connector.
The LED display should indicate approximately 00.0
dBm (assuming thata 50-ohm sensoris used). If it does not.
press the CAL key.

h. Keyin.2 CAL FACTOR dB through the kevboard.
The LED display should change to approximately 00.20
dBm.

i. Keyin 0 CAL FACTOR dB through the keyboard.
The LED display should return 10 approximately 00.00
dBm.

j. Key in It CHS REF LEVEL dB through the key-
board. The LED dispiay should indicate approximately
01.00 dBr.

k. Keyvin | REF LEVEL dBthrough the keyboard. The
LED display should indicate approximately -01.00 dBr.

. Keyin 5 LIMITS dB H! through the kevboard. The
LIM annunciator should be off.

m. Keyin5SCHS LIMITS dB LO through the kevboard.
The LIM annunciator should remain off .
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n. Key in .5 LIMITS dB HI through the keyboard. The
LIM annunciator should remain off,

o. Key in .5 CHS LIMITS dB LO through the keyboard.
The LIM annunciator should light.

p. Keyin0 REF LEVEL dBthrough the keyboard. The
LED display should indicate 00.00, the LIM annunciator
should be off and the dBm annunciator should be lighted.

q. Pressthe MODE PWRkey. The LED dfsplay should
indicate approximately 1.000 mW.

r. Disconnect the sensor from the POWER REF
connector.

3-11. OPERATING INSTRUCTIONS.

3-12. Measurement Parameters.

a. General. Measurement parameters are entered into
the microprocessor through the front-panel keyboard. In
order to eliminate the need for repeated reprogramming.
parameters entered through the keyboard are stored in
non-volatile memory, and the stored parameters are unaf-
fected by instrument turn-off and turn-on. It is important
to remember that the last used parametersare stored in the
instrument because these stored parameters could cause
what may appear to be erroneous indications when subse-
quent measurements are made. For exampie: if the instre-
ment had been programmed for operation with sensor 2
and sensor I is used instead, the LED display may be
inaccurate if a GHz calibration factor is entered because the
sensor 2 calibration factors will be used by, the micropro-

cessor instead of the sensor | calibration factors. If there is

any question about stored measurement values, the last
entered vaiues can be recalled for display as described in
subparagraph b below. Measurement parameters may be
changed at any time.

NOTE:

When the instrument is in the store or recall mode,
the LED display and the annunciators blink on and
off. This feature is intended to alert the operator to
the fact that the displayed value is nor a measured
value; it is 2 value that has been recalled from the
instrument memory or that is to be entered into
memory.

3-13. Use of Numerical Keys. The numerical keys are used
to enter numerical values for LIMITS dB, CALFACTOR,

SELECT. and REF LEVEL dB functions. Whenever any

numerical key is pressed. the microprocessor interrupts the
measurement operation to accept new data. Numerical
values are keved in normal sequence, and keyed-in values
enter the LED display from right to left. Up to four digits,
plus decimal point and minus sign can be entered; entries
exceeding four digits are ignored. Pressing the decimal
point key places a decimal point after the right-mostdigitin
the LED display. Pressing the CHS key changes the sign of

Section 11
Operation

the enttry in the LED display; that is, plus becomes minus.
or minus becomes plus. {The plus sign is not displaved.) If
anerroris made during entry of numerical values, press the
CLR keyand repeat the data entry process. Whenthe LED ~
display shows the desired numerical value, pressing the
appiicable LIMITS dB. CAL FACTOR. SELECT. or
REF LEVEL dB key will cause the microprocessor to store
the keved in parameter and return automatically to the
measurement cvcle. Recall of the last entered values is
accomplished by depressing the LIMITS dB HI. LIMITS
dB LO, CAL FACTOR dB. CAL FACTOR GHz,
SELECT CHNL, SELECT SENS, or REF LEVEL dB
keys."as applicable. The value stored for the selected.
parameteris displayed on the LED dispiay. Whena recall is
performed, the instrument remains in the recalil state until
either a MODE key or 2 RANGE key is depressed: the
instrument then returns to the operating state.

3-14. SELECT Function, The SELECT keys are used by
the operator to specify the number of the sensor to be used
for measurements, and the measurement channel.

IMPORTANT NOTE:

For normal operation. the CHANNEL and sensor
must be selected before any operation is performed.
however. the CHANNEL must be selected before the
sensor is selected. :

a. The basic instrument contains only one measurement
channel. This measurement channel is designated channe!
|. and the front-panel SENSOR connector provides the
input to this channel. An option is available for addition ofa
second measuremnent channel. When this option is included.
the additionual channel is designated channel 2. and input
power levels are appiied to this channel for measurcment
through a rear-panel connector. To further enhance the
usability of the instrument. 2 channei 3 mode may be exer-
cised. When channel 3 operation is specified. channel | and
channel 2 [evels are measured and compared by the micro-
pracessor, and the difference in relative dB (with the chan-
nel 2 level as the reference) is displayed on the LED dis-
play. Channel | measurements. channel 2 meusurements, or
the channei 3 funetion can be selected using the numerical
keys and the SELECT CHNL key:

Example: To sclect the channe! | input for measurement:
Press Dispiay

- 0001
SELECT CHNL

b. Culibration data for up to eight sensors can be swred
in the instrument. In order to use the, proper calibration data
when the CAL FACTOR GHz function is sclected. the
microprocessor must be advised as to which sensor is being
used. The SELECT SENS key is used in conjunction with
the numerical keys for this purpose. The sensor number is
shown on the barret of cach sensor.

3.5
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Exampie: To specify sensor number two:

Press Display
2 0002
SELECT SENS

c. Sensor serial numbers are stored in the non-volatile
memory. To recall sensor serial numbers:

Press . Display
. - will respond
with the serial
SENS K number stored in
SN Y- memory,

3-15. MODE Selection. The MODE keys enable the opera-
tor to select the desired measurement mode. When the
MODE PWR Lkey is pressed, measured power levels ars
displaved in mW, pW_or nW; the annunciators associated
with the LED display indicate the appropriate unit. When
the MODE dB key is pressed, measurement values are
displayed in terms of dB with respect to an operator-
entered dB-reference level. If 0 dB had been chosen as the
reference level, the displayed numerical values represent
dBm, and the dBm a2nnunciator is lighted; selection of any
other dB reference level causes lighting of the dBr annun-
ciator, and displayed measurement values represent dB
with respect to the selected reference level. Resolution of
the instrument in the dB mode is 0.0! dB.

3-16. RANGE Selection. The RANGE keys enable the
operator to select either automatic ranging or a range hold
function. The automatic ranging function. which is most
effective when measuring unknown or wide varying
power levels, is activated by pressing the RANGE AUTO
key, and the microprocessor then selects the appropriate
measurement range automatically. If input power levels
exceed the upper measurement limit of the instrument, an
errorindication {cc04) appears on the LED display: if input
power levels are below the low measurement limit of the
instrument, the instrument displays cc03. Ranging timeisa
function of 'a number of factors such as absolute level,
change in level, analog response time, and direction of
change. (See Figure 1-2and 1-3.) The range hold function is
useful when a series of measurements of approximately the

nates delays due to ranging time. The range hold function is
useful oniy in the PWR mode. When the RANGE HOLD
key is pressed. the instrument remains on the measurement
range that was active at the time the kev was pressed. Input
power levels that exceed the upper limit of this range cause
anerror indication (cc04) on the LED display; input power
levels below the low Iimit of this range result in fewer
significant digits in the LED display. If the minimum capa-
bility of the instrument is reached. the instrument diplays
ec03.

3-17, LIMITS dB Selection. The LIMITS dB kevs enable
the operator to program high and low dB limits into the
instrument. Input power levels outside these limits wall
cause lighting of the LIM annunciator and activation of
out-of-limit signals at rear-pane! connector P3.

a. Limits are entered by keying in the numerical value in
dB, using the numerical keys, and then pressing the LIM-
ITSdB LO or LIMITS dB HI key, as applicable.

Example: To enier a low limit of -31.34 dB:

Press Dispiay
3 0003
. 1 0031
. 0031.
3 031.3
4 31.34
CHS -31.34

LIMITS dB LO

b. ThedBlimitsalways test against the value displaved.
Il the measurement isin d Bm (0 REF LEVEL dB). the limit
is'in dBm. If any value other than 0 dB is chosen for the
reference level, the limits operate in d Br (relative d B). which

- is the dispiayed value. If it is desired to have the limits

operate on dBm when the REF LEVEL is other than 0
dBm, the value entered as the REF LEVEL should be
subtracted algebraically {from the desired dBm limits
(reverse the sign of the REF LEVEL dB and add algebrai-
cally to the desired Hmit in dBm).

¢. The dB limit function is always operative in the
instrument. Forall practical purposes. it can be cancelled. if
desired. by entering a high limit of 90 dBand a low limit of
-90 dB.

3-18. CAL FACTOR Selection. The sensors used with the
instrument are frequency sensitive: that is. with 2 constant
input power level applied. their output signal level does not
remain constant as the measurement frequency is changed.
The CAL FACTOR keys provide means for introducing a
calibration factor in terms of one ortwo parameters. either
the actual dB calibration factor. or the medsurement
frequency.

a. A calibration chart is attached to the barrel of each
sensor, and the calibration factor in dB for the measure-
ment frequency being used can be computed from this
chart. This dB calibration factor can then be entered into
the instrument, using the numerical keys and the CAL
FACTOR dB key, and the microprocessor will correct all
subsequent measurements, both dB and power, auto-
matically in accordance with the dB calibration factor
entered.

Example: To enter a dB calibration factor of -0.3 dB: .
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Press Display
' 0000.
3 000.3

CHS -000.3

CAL FACTOR dB

b. Reading and interpoiation of the calibration chant
can be tedious and subject to error or inaccuracy, The CAL
FACTOR GHz function provides a simple, alternative
method for calibration data selection. Calibration data for
up to eight sensors can be stored in the memory; such
calibration data may be entered into storage at the factory
orin the field. When the sensor number and the measure-
ment frequency are entered through the keyboard, the
microprocessor compuies the required correction from the
stored data and cerrects subsequent dB and power mea-
surements accordingly. The sensor number is entered using
the SELECT function described in subparagraph g; the
measurement frequency is entered using the numerical keys
and the CAL FACTOR GHzkey. Torecall the last éntered
frequency {or display, press the CAL FACTOR GHz key:
to determine the calibration factor value for this frequency.
press the CAL FACTOR dB key. Pressa MODE key ora
RANGE key to return the instrument to the operate mode.

Example: To specify a measurement {requency

Press E Display
3 _ 0003
. 6003.
3 ) 003.3

CAL FACTOR GHz

3-19. REF LEYEL dB Selection. The instrument normally
uses | mW, 50 ohms as a reference for computing ¢Bm
measurement values; the d Bm annunciator is lighted dur-
ing such operation. The 'REF LEVEL dB key. used in
conjunction with the numerical keys, enables the operator

to select any other desired dB reference level; subsequent

fevel indications are with respect to the selected reference.
and this display mode is indicated by lighting of the dBr
annunciator. -

a. A dB reference level is entered by keving in the
desired numerical value in dB. using the numericul keys,
and then pressing the REF LEVEL dB key.

Example: To enter a dB reference level of -15.3 dB:

Annunciators

Press Display dBm dBr

| ool Lighted Oft

5 0015 Lighted Off

. 0015, Lighted Off

3 015.3 Lighted - Off
CHS ~(15.3 Lighted Ott

REF LEVEL dB Off Lighted

Section I11
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b. To return to the dBm measurement display mode.
enter a 0 dB reference level, or press the CLR and REF
LEVEL dB kews.

Example:
Annunciators
Press Display dBm dBr
0 0000 Off Lighted
"REF LEVEL dB Lighted Off
NOTE:

" The maximum display capability of the LED display
is1£99.99 dB. When operating in the d Br mode, keep
this fact in mind. Avoid choice of d B reference levels
that will result in display values that exceed the LED
display capacity. Kevboard entries beyond the capa-
bility of the instrument produce error indications
{(cc01 or <c02 for entires too small or too large,
respectively). ‘

¢. The displayved dBm may also be used as the reference
level. This is accomplished by first depressing the decimal
point key and then the

REF LVL dB

The display will indicate 00.00 showing «5/N that the pre-
viously displayed dBim level hus now become the REF
LEVEL. This reference may be recalled by pressing the
_REF LEVEL dB key: it cun be cleared by depressing the
CLR und the REF LEVEL dB keys.

Note that this entry method utilizes the current dBm level,
and would replace any previously entered dB reference
level, Note also that this procedure of entering the existing
dBm leve! as the dB reference level is nor operative in
IEEE-488 bus interface operation {Appendix A).

3-20. Entry Limits. Limits for entry of parameter values
are as follows:

a. CAL FACTOR JB: 3.00 w0 - 3.00

b. CAL FACTOR GHz: 0.0 GHz to 999 GHz (sensor
dependent) with minimum increment of 0.1 GHz

. REF LEVEL dB: 0w =99.99, with minimum incres
ment o 9.01 dB

d. LIMITS dB LO and LIMITS 4B HI: 0 10 =49.99,
with minimuwm increment of 0,01 JdB.

3-21. Recall of Entered Values. The lust entered value (or
cach of the corresponding functions may be recalled for
displuy on the LED display by pressing the following keys:

LIMITS 4B LO SELECT SENS
LIMITS dB HI SELECT CHNL
CAL FACTOR UB REF LEVEL JB
CAL FACTOR GHy
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After any of the above keys are pressed. the instrument
remains in the recall mode. To return to the operating
mode, press any of the MODE keys or RANGE keys.

NOTE

When the instrument is in the recall mode, the LED
display and the annunciators will blink on and off.

3-22. Zeroing the Instrument. For greatest accuracy.
especially on the most-sensitive ranges, the instrument
must be zeroed. Zeroing is accomplished by depressing the
ZERO key with zero power applied to the sensor.

The zeroing period is composed of two parts. When the
ZEROQO key is depressed, a range-dependent “waiting
period™ occurs first: it is followed by the actual zero acquisi-
tion for each range. The purpose of the waiting period is to
permit the sensor, and the instrument’s analog and digital
circuils, to reach a clear {zero) state. The higher the level of
the signal prior to zeroing, the longer the waiting period
required.

NOTE

When the instrument is first turned on, two succes-
sive zeroing operations should be performed.

A TTL-compatible signal (true high), marking the begin-
ning of the zeroing operation. is available at Pin 3 of P3-on
the rear panel. If this signal is utilized to remove incoming
power to the sensor, the waiting period will automatically
become range-dependent. If this TTL signal is not utilized.,
the same results can be achieved by depressing the ZERO
key immediately before removing the incoming signal from
the power sensor. If the incoming signal is removed prior to
depressing the ZERO key. the instrument will immediately
begin down-ranging—which would result in a shorter wait-
ing period than is desirable. In such an event. a second
zeroing operation should be used.

t CAUTION

If the rear-panel (Pin 3, P3) power-removal sig-
nalis not utilized, signal power must be removed
immediately following depression of the ZERQ
key.'If signal power remains connected to the
sensor during the zeroing operation, an errone-
ous set of zeroes will be generated.

DPuring the warm-up period, and whenever ambient condi-
tions are changing, the instrument should be zeroed fre-
guently if the lowest ranges (i.e., highest-sensitivity ranges)
are being used.

The display during the zeroing period will indicate ccce. On
completion of zeroing, and if no signal is being applied to

)
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the sensor, the display will indicate ec03. If a signal is being
applied, and if the rear-panel (Pin 3, P3) power-disconnect
signal is being utilized, the display will indicate the power
being supplied to the sensor.

The approximate zeroing times. including the “waiting
periods,” are listed in Table 3-2.

TABLE 3-2. INSTRUMENT ZEROING TIME

Sensor Series

Zeroing Time
4200-4 4200-5 4200-6 4200-7 4200-8 (Seconds)
dBm dBm dBm dBm dBm

+10 420 +30 2
¢ +10 +20 20
-10 0 +10 8
=20 -10 0 +10  +20 16
-30 <20 -10 0 +10 14
-40 30 =20 10 0 2

=50 -40 -30 =20 -10 10

3-23. Calibrating the Instrument. The instrument incor-
porates a power reference and automatic calibration facili-
ties for fine sensitivity corrections. Sensitivity corrections
arc limited to a2 maximum of approximately +3.5% {rom
the original, factory set values as a precautionary measure.
This feature protects against gross miscalibration which
might occur if calibration were attempted with 2 power
level other than that supplied by the power reference
applied to the sensor. If computed calibration corrections
from the factory set value exceed approximately =3.56;.
the instrument rejects the sensitivity correction and reverts
10 its previous sensitivity, To use the calibration function.
proceed as follows:

a. Program the instrument for power mode, autorange.
and the appropriate measurement channel and sensor.

b. Enter a calibration factor of 0 dB through the
keyboard. :

¢. Connect the sensor to the POWER REF connector.

d. Pressthe CAL key, The LED display should indicate
1.000 mW £0.1% (%£0.4% for 4200-5 sensors).

NOTE

If the instrument is supplied with a 75-ohm sensor
(4200-4C), an adapter (P/ N 950006} is also supplicd,
Use this adapter between the POWER REF connee-
tor and the sensor to convert the Type N POWER
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REF connector to a 75-ohm Type N. Before calibra-
tion. enter a 1.76 dB CAL FACTOR to compensate
for the mismatch error that is introduced by the
75-ohm sensor. ’

3-24. Error Messages. Under certain conditions, the LED
display returns error messages as follows:

Display Condition

ccOl lllegal entry, too low

cc02 lllegal eatry, too high

cc(3 Signal level out of range (low)

ccO4 Signal level out of range (high)

cc05 Zero acquisition out of range-excessive nega-
tive offset (hardware malfunciion)

cc06 Zero dcquisition out of range-excessive positive

offset (input too large)
ccd7 Signal level out of range, one channel high, one
channel low, in channel 3 mode of operation.

3-25, MEASUREMENTS.

3-26. Making Power Measurements. Once the instru-
ment has been programmed, calibrated, and zeroed, it is
ready for power level measurements. Merely connect the
sensor to the source whose power level is to be measured.
The power level will be displayed directly on the LED
display. ‘

3-27. Low-Level Measuremenis. The instrument will
provide reliable, reproducible measurements of CW, AM,
and FM powerlevelsaslowas | nW (-60 dBm). It can also
be used for pulse measurements but with slightly decreased
accuracy (= dB). Peak power leveis for pulse measurements
should not exceed 200 W (20 W for Series 4200-4 sen-
sors); above this level the sensor enters the region where it
operates out of the square-law region, and accuracyat such
signal levels is correct for CW and FM only.

3-28. High-Level Measurements. Zeroing of the instru-

ment is not critical when making high-leve! measurements -

{10 W to I W). CW and FM power measurements can be
obtained within the specified accuracy up to 1W; accuracy
cannot be guaranteed for pulse power meuasurements with
instantaneous (35 pW for Series 4200-4 sensors) peaks
exceeding 330 pW. :

3-29, High-Frequency Measurements. At freguencies
abovve | GHz, the appropriate sensor calibration factor
must be entered through the keyboard if the specified accu-
racy of the instrument is to be realized. (Refer to paragraph
3-18).

NOTE
Model 4200-4A. 4200-4B, 4200-4E, 4200-58, 4200-
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SE. 4200-6E. and 4200-7E, 4200-8E, and Waveguide
Sensors are calibrated for use with a 50-0hm source:
model 4200-4C sensors are calibrated for use with a
75-ohm source. Impedance mismatch results in in-
creased SWR, which affects measurement accuracy.
This effect can be reduced by inserting a low-SWR
attenuator {SWR less than 1.10) or a low-loss tuner
between the source and the sensor.

3-30. Temperature Effects. Specified instrument accura-
cies apply over an ambient temperature range of 21°C 1o
25°C.. Operation outside this temperature range causes
some additional error. Refer to table 1-1 for accuracy
versus emperature. Figure 3-3 shows typical temperature
characteristics of sensors. and Figure 3-4 shows tvpical
temperature charucteristics of the instrument und sensors

combined.
' NOTE

For best zero stability of the instrument, allow the
instrument and sensor to reach a stable temperature.

3-31. SWR Measurements. The high upper-frequency
limit and sensitivity of the instrument facilitate SWR mea-
surements with a slotted line, SWR measurements require
only comparative, rather than absolute, measurement
values; therefore, the instrument may be used up to 20 GHz
with a mode! 42004E sensor. The front-panel meter is
especially useful for rapid determination of maximum and
minimum power points. SWR is determined by measuring
the dB difference between 2 maximum and a minimum
voltage point on a slotted line and converting this difference
to SWR. An adapter, usually available from the slotted-
line manufacturer, is required to couple the sensor to the
slotted line. To make slotted-line SWR measurements,
proceed as follows:

a. Connect the sensor to the sliding carriage. using a
suitable adapter.

b. Ascertain that the signal source is turned off: then,
zero the instrument.

¢. Turn on the signai source and siide the carriage
along the slotted line until a point of maximum indica-
tion is located. Adjust the source signal level and the
probe setting for the least coupling that yields a -4 dBm
reading at the maximum point. (The incident power
should be at least 0 dBm.)

d. Slide the carriage along the siotted line until a
minimum indication is located. Read the level art this
point. Subtract the measured level at the minimum peint
from that at the maximum point, ignoring signs. Convert
the resultant AdB into SWR, either through use of the
SWR conversion chart (Figure 3-3) or by computation.
SWR is the antilog, base 10, of A db/20.
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Figure 3-4 Typical Combined Temperature Characteristics of Instrument and Sensor
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3-32. Shielding Recommendations. If the instrument is
subjected to strong noise fields, accurate zeroing may be

“difficult uniess the sensor is shielded during the zeroing

operation. The simplest method of shielding is to connect
the sensor to the device whose power level is'to be mea-~
sured, first making sure that the device is turned off; how-
ever, in some instances, the device may act as an antenna
and introduce additional noise voltage into the sensor. If
this happens, disconnect the sensor from the device, stand
the sensor. end down. on a copper plate, and hold it down
firmly so that the rim of the sensor connector makes good
contact with the copper plate at all points. Alternatively,
wrap a piece of thin copper foil areund the threaded
portion of the connector body, and crimp the foil around
the open end of the connector, making certain that the
center pin of the coanector is not shorted. If frequent
zeroing in strong noise fields is necessary, construct an
adapter. usinga Type N connector permanently fitted with
a copper foil shield. '

3-33. Analog Output. A dc voltage proportional to
either power or dBm is available at rear panel recorder
connector J20 for recorder or other applications. This
output voitage will be affected in both power and dB

modes by calibration factor entries. The source resistance
of the recorder ourput is approximately 9000 ohms,
permitting a current of 1 mA into a load of 1000 ohms at
full scale power. Qutput levels for various measurement
modes are as follows:

a. In the power mode, the dc output level is

proportional to the displayed power, with 10 volts at fuil
scale for each range.

b. Inthe dB mode. the dc output level is proporti'onal 10
dBm according to the formula (Series 4/7/K/KA/Q
Sensors)

VOUT=(8+ d%m) volts

Example:
The voltage output at -20 dBm would be:

(B + %Q) volts = 6 volts

This output is a function of dBm only. but is effected by
CAL FACTOR entries.
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¢. Inthe Channel-3 mode of operation (Option -03),
the recorder output is proportional to the difference in dB
of channel 1 minus Channe!l 2. This output is affected by
both the calibration factors and the dB reference levels
entered in each channel. The equation is:

RECORDER OUT (VOLTS)

_ [(dBch.[ +dB CAL FACT CHI -dB REF.ch.1)
= A

_ (dBe¢h.2 +dB CAL FACT CH2 +dB REF.ch.2) +8]
0 '

Or. equivalent:

. .
RECORDER OUT (VOLTS) = __Dd‘_iplai’ .8

Valid recorder outputs will be obtained for display indica-
tions of -80 dB (0 voits) to +30 dB (11 volts).

333, MINIMUM PERFORMANCE
STANDARDS.

3-35. Test Equipment Required. For minimum per-
formance testing of the instrument, an adjustable power
source, such as the Boonton Electronics Corporation
Model 25A Power Meter Calibrator, anda dc voitmeter
or oscilloscope capabie of measuring 0 to +10 volts are
required.

3-36. Preliminary Setup.

a. Tumn on the instrument and the adjustable power
source and allow sufficient' warmup time. If either unit
had been stored at ambient temperatures substantially
different-from the ambient temperature at the minimum
performance test facility, make sure enough time is
aliowed for each device to reach ambient temperature.

b. Setthe adjustable power source output to zero, and
connect the sensor between the adjustable power source
and the front-panel SENSOR connector of the instru-
ment, using the sensor cable.

¢. Key in the following measurement parameter data
through the keyboard:

I SELECT CHNL '

N SELECT SENS (N = number of sensor being used)

MODE dB

RANGE AUTO

LIMITS dB — any

0 CAL FACTOR dB

0 REF LEVEL dB

NOTE

Maintain the same measurement pararmeters

st
1
[ 3]

for each of the following tests unliess specifi-
cally direcied otherwise,

3-37. Automatic Zero Function Test. To check the
automatic zeroing function of the instrument, proceed as
follows:

a. Ascertain that the signal input to the senser is zero.

NOTE

Do not confuse 0 dB withzero input. For zero

input to the sensor, turn off the adjustable
power source.

b. Press the ZERO key and ascerizin that the logic
signal leve! at pin 3 of rear-panel connector P3 switches
from a logic low 1o a logic high when the ZERO key is
pressed, remains high throughout the zeroing period
(approximately 26 seconds), and returns to a logic low at
the end of the zeroing period. During zeroing, the front-

ganel LED display should show the following:

Display Comment
ccee Zeroing
ccl3 Zeroing complete
3-38. Autoranging Mode Test. To check the auio-

ranging function of the instrument, set the output level of

the adjustable power source to.each of the values listed

below and ascertain that the instrument LED display

readout agrees with the input power leve! within +0.2 dB

+10 dBm

0 dBm
-10 dBm
-2C dBm
-30 dBm
-40 dBm
-50 dBm

NOTE
For lowest ranges, rezero if necessary.
3-39. Range Hold Function Test. To check the range
hold function of the instrument, proceed as follows:

a. Set the output level of the adjustable power source’
to 0 dBm. -

b. Press the RANGE HOLD key and the MODE
PWR key.

¢. Ascertain that the LED display readout is 1.000
mwW t1.2%.

. d. Set the adjustable power source output to each of
the foliowing levels in succession. and ascertain that the
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corresponding listed LED indications are obtained on
the instrument: -

Power Source Level Instrument Indication

10 mW cc04 (power level too high)
1 mW 1.000 mW
100 uW 0.100 mW
10 uW 0.010 mW
of

¢c03 (if less than 10 counts;
power level too low)

e. Press the RANGE AUTO key.

NOTE

When the range hold function is selected,
inpui power levels greater than the power
decade operative when the selection was made
will result in overranging of the instrument
and display of an errorindication: tower input
levels result in a decrease in the number of
significant digits in the display. Note that the
decimal point and annunciator remain fixed.

3.30. Basic Instrument Aeccuracy Test. To check the
basic accuracy of the instrument, proceed as follows:

a. With zero input to the sensor (adjustable power
source turned off), zero the instrument by pressing the
ZERO kev.

b. Connect the sensor to the POWER REF connector.
Press the CAL key.

¢. Upon completion of calibration. press the MODE
dB key, and connect the sensor to the adjustable power
SOUrce.

d. Set the output level of the adjustable power source
to each of the following dBm values in succession, and
ascertain that the LED display readout agrees with the
output level of the adjustable power source within the
specified dB limits:

Power Source Level LED Display Tolerance

-50 dBm *0.1dB

-40 dBm *0.05 dB
-30 dBm *0.05 dB
-20 dBm +0.05 dB
-10 dBm +0.05 dB
0 dBm 10.05 dB
+10 dBm +0.05 dB
-1 dBm +0.055 dB
-2dBm +0.06 dB
-3dBm +0.065 ¢B
-4 dBm +0.07 dB
-5 dBm *0.075 dB
-6 dBm +0.08 dB
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Power Source Level LED Display Tolerance

-7dBm +0.085 dB

-8 dBm *0.09 dB

-9 dBm +0.095 dB
NOTE

If the dBm indications are within limits, it
may be assumed that power mode indications
‘are also within limits; dBm indications are
computed from power measurements within
the instrument.

3-41. Power Mode Test. To test operation of the instru-

ment in the power measurement mode, proceed as follows:
a. Without disturbing any measurcment parameters

used in preceding paragraph . adjust the output level

of the adjustable power source to 0 dBm and ascertain

that the LED display of the instrument indicates 0 dBm
£0.05 dB.

b. Press the MODE PWR key. The LED display
should indicate .00 mW *[.3%.

c. If desired, other power levels may be checked in
similar fashion. To determine the proper power indica-
tion for a specific dBm input level, use the formula:

P = log™' dB; 10 (mW)

3-42. Calibration Test. To check the automatic cali-
bration capability of the instrumerit, proceed as follows:

a. Set the power source to 1.0 mW,

b. Select the power mode and autoranging.
c. Enter a 0 dB calibration factor. '

d. Note the indication of the LED display. If the indi-
cation is not 1.000 mW, press the CAL key, and ascertain
that the indication is now 1.000 mW =2 counts {4 counts
with 4200-5 sénsors).

e. If an indication of exactly 1.000 mW is .obtained
originallvinstep d. enter a calibration factorof 0.03dB to
cause the indication to increase to approximately 1.01
mW, Then. press the CAL key and ascertain that the
indication changes to 1.000 mW =2 counts. Entera 0dB
calibration factor and press the CAL key to restore the
original indication.

. The sutomatic CAL function is operative at all 10 B
points if a suitable signal source is available: operation is as
in steps athru e, exeept for the input signal level and range.

NOTE

For greatest overall accuracy. huowever, it is strongly
reeommended that this feature be used with the 50
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MHz power reference which provides an accurate }
mW level.

3-43. Sensor Selection Test. Entry of the correct
number for the sensor in use is absolutely essential for
instrument accuracy. Data for each sensor supplied with
the instrument has been entered and stored in micro-
processor memory at the factory. Stored data consists of
functions peculiar to each sensor, such as sensitivity,
calibration factors, etc. A direct, absolute check of the
sensor data is not possible; however, the basic instrument
accuracy test (paragraph 3-40) and the calibration test
{paragraph 3-42) provide a good indication of satis-
factory operation of the sensor selection function.

arrr 1T amae i T
Entry of an incorrect sensor number will probably result

in degradation of basic accuracy. Sensor serial numbers
can be recalled from non-volatile memory by keyingin a
decimal point followed by SELECT SENS,

3-44. dB Reference Level Function Test. To check the
dB reference level function of the instrument, preceed as
follows:

a. Set the output power level of the adjustable power
source to 0 dBm.

b. Press the MODE dB keyand ascertain that the LED
display indicates & dBm 10.05 dB. ’

c. Enter a-10 dB reference level by pressing the follow-
ing keys:

0
CHS
REF LEVEL &B
d. Ascertain that the LED display now indicates +10
dBr +0.05 dB. The dBm annunciator should be off, and
the dBr annunciator should be lighted.

e. Reset the instrument to indicate dBm by pressing
the following keys:
0
REF LEVEL dB

f. Ascertain that the LED display again indicates 0
dBm %0.05 dB. The dBm annunciator should be lighted,
and the dBr annunciator should be off. .

3-45. dB Limit Test. To check operation of the dB
limit circuits, proceed as follows:

a. Set the output level of the adjustable power source
to 0 dBm.
b. Enter a + | dB high limit by pressing the following
keys:
1
LIMITS dB HI

¢. Enter a -1 dB low limit by pressing the foilowing
keys:

3-14

1
CHS
LIMITS dB LO

"d. Ascertain that the LIM annunciator is off.

e. Set the output level of the adjustable power source
to -2.0 dBm. The LIM annunciator should light. The logic
level at pin 5 of rear-pane! connector P3 should be high;
the logic level at pin 4 of connector P2 should be low.

f. Settheoutput level of the adjustable power source to
+2.0 dBm. The LIM annunciator should be lighted. The
logic level at pin 4 of rear-panel connector P3 should be
‘high: the logic level at pin 5 of the connector F3 should be
low.

NOTE

Limits can be entered only in terms of dB, not
power; however, the limit function operatesin
both the dB moede and the PWR mode.

g. Settheinputlevelto-7dBm. Pressthe CLR and the
REF LEVEL dB keys; the indication should be approxi-
mately -7.00 dB. Press the decimal-point and the REF
LEVEL dB keys; the display should now indicate 00.00

dBr. Recall the dB reference level by pressing the REF
LEVEL dB key: the indication should be -7.00. showing
that the original d Bm level is now stored as the d B refsrence
level. Press the CLR and the REF LEVEL dB keys: the
indication now should be -7.00 d Bm, showing that the d B
reference level is now 0 dBm. Note that, as discussed in
paragraph 3-19 (page 3-8). this method of entering the
current dBm level as the dB reference level is operative only
in the local mode-—not in IEEE-48% interface mode.

3-46. Calibration Factor Test. To check operation of
the calibration factor function, proceed as follows:

a. Set the output level of the adjustable power source
to 0 dBm.

b. Press the MODE dB key and note the indication on
the LED display.

c. Enter a 0.2 dB calibration factor by pressing the
following keys:
0
2
CAL FACTOR dB

d. Ascertain that the indication on the LED display is
equal to the value noted in step b plus 0.2 dB.

e. Enter a 2 GHz calibration factor by pressing the
following keys:
2

CAL FACTOR GH:

f. Determine the calibration correction for 2 GHz from
the chart on the barrel of the sensor. Ascertain that the
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LED display indicates the value noted on the chart on the
sensor barrel.

NOTE

For proper calibration factor correction and
instrument accuracy, it is essential that the
sensor number entered into the instrument
prior to measurement agrees with the number
indicated on the barrel of the sensor used for
the measvrement. Calibration factors thatare
invoked are operative in both the dB mode
and the PWR mode.

NOTE

If the instrument is equipped with the -03
option, repeat the minimum performance
standards tests for channel 2.
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THEORY OF OPERATION

4-1. INTRODUCTION.

4-2. The instrurnent is a general purpose RF microwatt-
meter capable of measuring power levels from | nW (=60
dBm) to | W (+30 dBm). It is designed to operate in
conjunction with Boonton Electronics Corporation Series
4200 power sensors. The usable frequency range depends
upon the sensor used with the instrument. The lowest
usable frequency for calibrated measurements is 0.2 MHz;
the highest frequency is 110 GHz.

4-3. Theinstrument is a completely solid-state unit that
emplioys a microprocessor for versatility in use. The
microprocessor is controlled by a permanently stored,
internal program; pertinent operating parameters can be
entered by means of a front-panel kevboard. Use of a
microprocessor enables automation of numerous func-
tions, such as zeroing, calibration, sensor calibration,
range selection, unit conversion, dB limit testing, relative
dB measurements, etc. Measured values are displayed
directly on a 4 digit LED display in terms of nW, oW,
mW, dBm, or dBr{relative dB). Annunciators associated
with the display indicate the unit of measurement. A
meter is also provided for relative power measurements;
this feature simpiifies such operations as nulling and
peaking. ‘

4-4. OVERALL BLOCK DIAGRAM.
{See Figure 4-1.)

4-5. Sensor. Power levels to be measured are applied
to an external sensor, which is connected to a front-panel
connector through a five-foot sensor cable. Input power
appears across a precision resistor (56 or 75 ohms,
depending upon the sensor model). Because the resistance
value is constant, the voltage developed across the resistor
is a function of input power (E* = PR). The RF voltage
developed across the resistor is converted to a DC
voltage, and the resulting DC voltage is applied to the
input module of the instrument. .

4-6. Input Module. The input module receives the DC
voltage developed by the sensor. Operating under control
of the control module, the input module converts the DC
signal to an AC signal. amplifies the AC signal, converts
the amplified AC signal to an analog DC signal, and
converts the analog DC signal to a digital signal. If the
autoranging function of the instrument is being used, the
gain of the amplifiers in the input module is adjusted
automatically by the control module to accommodarte
any power level within the range of the instrument. The

. digital output signal of the input module is supplied to the

control module for further processing; an analog DC
output signai is developed from the digital signal and
applied to the analog meter on the display module for
relative power measurements, and to a rear-panel
connector for application to a peripheral recorder.

4-7. .Control Module. The control module consists
primarily of a pre-programmed microprocessor. The
microprocessor accepts and stores measurement para-
meter commands entered through the front-panel key-
board, and conirols operation of the interna!l circuits of
the instrument in accordance with its program and keyed-
in commands. The microprocessor performs measure-
ment value corrections based on stored zero corrections
and stored or Reyed-in sensor calibration factors, unit
conversions based on selected measurement modes, and
dB limit determination. The microprocessor also per-
forms automatic instrument zercing and calibration. The
processed digital signal, which defines the final measurz-
ment value, is applied to a data bus and to the display

module.

4.3, Display Module. The display module contains

‘the keyboard and LED display circuits. Parameters to be

used for power measurements can be entered at any time
through the keyboard. Keyed-in values are read and
stored by the microprocessor, and selected numerical
values are shown on the LED display during parameter

" selection. Computed power levels ars processed by the

microprocessor in accordance with the keved-in para-
meters; the digital values representing the final computed
measurement values are decoded by the display module
circuits to produce a direct LED readout of measured
values and to activate the appropriate annunciators.

4-9. Power Reference. The power reference module
generates a precision, 1.00 mW, 50 MHz signal that is

. used for calibration of the instrument. When this signal is
"applied to the sensor and the front-panel CAL key is

pressed, fine sensitivity adjustments of the instrument are
performed automatically under microprocessor control.

4-10. Power Supply Module. The power supply
module provides all DC voltages required for operaticn
of the internal circuits, It also provides a reset signal to the
control module when it is powered up, and an interrupt
signal if an undervoltage condition is detected. The
standard power suppiy module can be powered from a
100, 120, 220, or 240 volt, 50 t0 400 Hz, AC power source.

4-11. Optional Modules. Standard options are available
1o further increase the versatility of the instrument. Two of
these optional modules are shown in Figure 4-1,

4-1
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Figure 4-1 Overall Biock Diagram’

a. A second input module can be added to the
instrument to permit measurement of output power levels
of two devices without the need for repeated switching of
sensor connections. The input connector for this optional
module is located onthe rear panel of the instrument. The
second input module also permits LED display of the
difference between the power levels of the two devices,
expressed in dB.

b. The interface module provides an IEEE 488 bus
interface for remote control of instrument operation and
for remote display of measured values.

4-12. DETAILED THEORY OF OPERATION,
SENSOR CIRCUITS.
{See Figure 4-2.)

4-13. The sensor contains 1wo paralleled precision resis-
tors (50-ohm effective total resistance for Maodels 4200-4A.
4200-48, 4200-4E, 4200-5B. 4200-5E, and 4200-6E, and
75-ohm effective total resistance for Model 4200-4C) across
which the input power is applied. With a constant load
resistance. the RF voltage developed across the load resist-
ance is a function of the RF power (E*=PR). The RF
voitage is rectified by a full-wave rectifier that permits mea-
surement of highly asymmetrical waveforms without sub-

4-2

stantial error. When the applied power level is within the
square-law region of the diodes (up to approximately 20
#W), the sensor has a true RMS response. Above this power
level, the sensor response approaches peak-to-pezk. cali-
brated in the instrument in terms of true average power.
NOTE
Series 4200-5 and 4200-6 sensors have input attenua-
tors; this permits measurements to 100 mW (+20dB)
and 1000 mW (+30 dB) respectively.

4-14. The body of the sensor has been designed and
fabricated very carefully to eliminate any cavity
resonance effects within the calibrated frequency range
and to minimize noise. The sensor diodes are specially
selected for this application. The DC output voltage of
the sensor is applied to the input connector of the
instrument through a low-noise sensor cable.

415, DETAILED THEORY OF OPERATION,
INPUT P.C. BOARD CIRCYITS.
(See Figure 4-3).

4-16. The input printed circuit board receives from the
sensor a DC voltage that is a function of the power levet
being measured. Under control of the controi board
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circuits, it provides amplification and signal processing
required to develop an analog DC voltage and a digital
signal that are proportional to the input R F power level.
The input DC signal from the sensor is balanced in form
and may vary from microvolts to volts, depending upon
the input power level. The input printed circuit board
must provide amplification with a wide range of gain,
low offset voltage, and low noise; therefore, the input DC
signalis converted to an AC signal which is ampiified, and
the amplified AC signal is converted to a2 DC analog
signal and to a digital signal.

#17. The input DC signal is-zonverted to an AC signal
by a chopper module, which plugs into the input printed
circuit board. The chopper is composed of solid-state
switches ICla, IClb, IClc, and ICId in a balanced
arrangement, operating at a frequency of approximately
94 Hz to minimize AC line and line-related component
interaction. The chopper drive signai is derived from the
output of an astable multivibrator, which is completely
independent of line frequency. The use of a solid-state
chopper eliminates many of the problems, such as contact
wear and contamination, associated with electromech-
anical choppers. The chopper supplies a balanced AC
signal of approximately 94 Hz to the input amplifier.

418. The 94 Hz drive signal for the chopper is derived
from the output signal of astable multivibrator 1C5.
Muitivibrator IC5 drives flip-flops IC7a and 1C7b, and
these flip-flops supply the drive signal to the chopper
circuits. Flip-flop 1C7a also drives flip-flops 1C8a and
1C8b, which provide a 94 Hz, synchronized drive signal to
the demodulator circuits that convert the ampiified AC
signal back to a DC signal.

Section IV
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4-19. Ampiification of the bulanced AC signal from the
chopper is accomplished in an input amplifier composed
of low-noise. operationzal amplifiers AS. Aé. and A7. A
bulanced arrangement with degenerative feedbuck for
stabilization and gain control is empioyed. The input AC
signal is amplified by 500, 50. 5. or 0.5, depending upon
the instrument range. Demultipiexer IC6. under control
of the control printed circuit board. adjusts the degenera- -
tive feedback in accordance with the range selected by the
microprocessor to provide the required gain switching.
An attenuator at the output of the input amplifier provides
attenuation of 2 for the highest range only: on all other
ranges its attenuator is zero. This attenuator.is switched
into the circuit on the highest range through solid-siate
switches IC10a. [IC%. and IC9c. Demuitiplexer iC13
decodes digital signais that define the range from the micro-
processor and activates the solid-state switches on the
highest instrument range.

4-20. The amplified 94 Hz signal is converted to a DC
analog signal by means of a demodulator cireuit that
operates in synchronism with the chopper. The de-
modulator consists essentially of a sampie and hold
switch, composed of solid-state switches IC{0band IC10c¢
and associated circuitry, Switches ICI0b and IC10¢ are
controiied by the 54 Hz drive signals from flip-flops IC8a
and [C8b. The sampling point and period of the sample
and hold circuit has been chosen to minimize switching
products and noise, and to vary signal averaging in
accordance with the signal level. Switch 1C9a adjusts
operating parameters automatically in accordance with
instrument range; the switch is activated through gaies
ICI1b and ICllc and demultiplexer 1C13 on the four
highest ranges,
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4-21. The DC output voitage of the sample and hold
circuit is amplified by an arnplifier ¢circuit composed of
integrated circuits A8, A9, and ICi4, and associated
circuitry. Integrated circuits ICl4 is a demultiplexer
which decodes microprocessor-supplied digital signals
that define the selected range and adjusts an attenuator
circuit accordingly; the gain of the amplifier is 125, 12.5,
or 1.25, depending upon the selected range. The full-scale
output voltage of the amplifier is2.25volts nominal on
each range.

4-22. The DC output voltage of integrated eircuit A is

usually unipolar and positive; however, during the .

automatic -zeroing process of the instrument, the DC
output voltage may be positive or negative, depending
upon small DC offsets. Because some of the following
circuits operate only with unipolar signals, a polarity
switch is required. This polarity switch, which consists of
solid-state switches IC3b and IC3c, operates under
control of the microprocessor on the control printed
circuit board, which tests for polarity. The DC voltage is
routed through the polarity switch to the appropriate
input of operational amplifier A3 so that the output DC
from this ampiifier is always negative. This outputvoltage
is applied to a comparater circuit.

423, Comparator A2 operates in conjunction with the
microprocessor on the control printed circuit board and
D/A converter IC2 to convert the DC output signal of
amplifier A3, which is proportional to the input power, to
a digital signal that can be processed by the micro-
processor circuits. Dj A converter 1C2 is supplied with
successive half-level digital signals (fuii seale/2. fuii
scale/4, etc.) by the microprocessor. D/ A converter [C2
converts these digital signals to a DC analog voltage, and
this analog DC voltage is applied through amplifier Alto
comparator A2. where it is compared with the DC signal
from amplifier A3. The difference signal from compara-
tor A2 1s supplied to the microprocessor through interface
IC1 so that the microprocessor can monitor the results of
the comparison and adjust the digital signal accordingly.
The digital signal is adjusted by the microprocessor until
the two input signals to comparator A2 are equal. The
resulting digital signal then defines the input DC level
being measured. This digital signal is then processed {zero
correction, calibration correction, unit conversion, ete.)
by the microprocessor before appiication to the LED
display circutts of the instrument.

4-24. After the digital signal has been fully processed by
the microprocessor, the processed digital signal is again
supplied by the microprocessor to D/ A converter 1C2,
which converts the processed digital sigral to a cor-
respending DC analog voltage that is used to drive the
front-panel meter and the recorder cutput of the
instrument. This DC analog voltage from D/ A converter

4-1

IC2 is supplied through amplifier Al to sample and hold
switch 1C3a, which is closed at this time by a control
signal from the microprocessor. The DC analog voltage
at the output of the sample and hold circuit is applied
through amplifier A4 and the control printed circuit
board to the display printed circuit board.

4-25. All interfacing between the input printed circuit
board and the microprocessor is accomplished through
interface IC1. Interface IC1 is an input/ ouiput device that
operates under control of the microprocessor. When signal
RD is activated by the microprocessor, data are trans-
ferred frem the input printed circuit board to the micropro-
cessor, provided that signal TS to interface IC! is also
active; when signals WR and CS are both activated by the
microprocessor, data are transferred from the micropro-
cessor to the input printed circuit board. Data flow between
the input printed circuit board and the microprocessor over
the eight-line bi-directional data bus. Routing of data
through the interface is controlled by the address signals
supplied to the interface by the microprocessor.

s

4-26. DETAILED THEORY OF OPERATION,
CONTROL P.C. BOARD.
(See Figure 4-4.) _

4-27, The operation of the instrument is controlled bya
microprocessor contained on the control printed circuit
board. The control printed circuit board is organized
around a central processing unit (CPU), associated
memories, input; output ports, and a40-line bus. A stored
program. in conjunction with key-entered commands,
enables the microprocessor to perform a varietv of
functions, including the following;

a. Andlog to digital conversion

b. Zero determination

.¢. Zero correction

d. Ranging

e. Calibration

f. Signal processing

g. Binary to BCD conversion

h. dB conversion

1. dB reference conversion

3. dB limit testing

k. Diagnostics.

4-28. Integrated circuit 1C3 is the microprocessor CPU. It
isan 8-bit unit that operatesata clock frequency of 2 MHz,
generated by integrated circuits 1Cla through iClc and
associated circuitry. The operating program for the micro-
processor is stored in integrated circuits 1C6 and {C7,
which are programmable read-only memories (PROMs).
RAM IC8 provides temporary storage of data during
operation of the instrument. It aiso stores certain mea-
surement parameters such as. sensor data, calibration fac-
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tors, some key-entered parameters, etc. Lithium-type bat-
tery BT!, which hasananticipated life of 10 years, supplies
power to RAM IC8 during power-down of the instrument
to enabie retention of daia in memory. During normal
operation, RAM IC8 is powered by transistor Q1. Inte-
~grated circuit IC16 is an I/ O port which interfaces with

- the following:

a. An 8-bit switch used to set the mode of operation,
number of channels, and number of sensors.

b. A test socket (J3) used in signature analysis.
¢. A plug (P3) for output of status information.

4-29. The CPU receivesand transmits data overan eight-
‘line data bus. A 15-line address bus is used for addressing,
and a control bus is used for various control functions.
When the instrument is turned off, signal RESET is acti-
vated by the power supply circuits and the microprocessor
is reset to the start of the operating program; when the
instrument is next turned onand DC voltages have reached
the correct operating levels, the RESET signal is deacti-
vated by the power suppiy circuits and the microprocessor
begins 1o execute ihic stored program. instructions are
retrieved from storage by the CPU in accordance with
the address code developed at its output. Decoder 1C4
enables the appropriate PROM (IC8 or IC7), and the
instruction contained in the memory location defined by
the address on address lines AQ through All is read and

transmitted by the CPU over the data bus. The CPU then

. executes this instruction.

4-30. During the measurement process. the CPU must
retrieve data from storage and from the input and display
printed circuit boards, it must store temporary calculaton
values. and it must output data to the input and display
printed circuit boards. To retrieve data from memory, the
storage device and data location are defined by the address
supplied by the CPU, and signals MREQ and RD are
activated. Integrated circuit 1C4 decodes three of the
address bits to activate signal CS at RAM 1C8 through
gates IC% and 1C%. Signai OF at RAM IC8 is activated
through gate IC15d, and data stored at the location speci-
fied by the remaining address bits are transmitted over the
data bus to the CPU or to other circuits connected to the

data bus. To access data developed by circuits outside the
control printed circuit board, the CPU activates signals

IORQ and RD along with the appropriate address lines.

Decoder 1C14 decodes three address bits to develop ena-

bling signal CS for interface IC16. integrated circuit IC)8.
or interface ICI on the input printed circuit board, as
specified by the three address bits, and gate IC15bactivates
signal RD for the read function. Ifintegrated circuit IC18is
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enabled, keyed-in commands from the display printed cir-
cuit board, which had been stored in integrated circuit
ICI8, are transmitted over the data bus. If integrated circuit
IC16 is enabled, input data from bit switch S or power
supply connector P4, as determined by address bits A0 and
Al, are supplied through interface IC16 to the data bus. If
interface IC1 on the input printed circuit board is enabled.
data generated on the input printed circuit board are
transmitted over the data bus through interfzce 1CI.

431, Tostoredata. the CPU activates signal WR and the
address lines that define the storage device and storage
location. Decoder [C4 decodes three address bits to enable

signai CS at RAM IC8. signal WR enables the write func-

. tion of RAM IC8 through inverter ICId and gate 1C9b,

and data on the data bus are written into memory at the
location defined by the remaining address lines. To output
data to circuits outside the control printed circuit board,
signal IORQ is activated by the CPU in addition to the
previously mentioned signals. Signals IORQand WR acti-
vate the write enable signal 1o the device defined by the
address bits. Decoder [C14 decodes three address bits to
select the appropriate device (interface IC16, interface

1C18, orinterface IC1 on the input printed circuit board).
Data aon f_hg r_ia_:n hue are [}'}ﬂhn ?ransrnvv-nfi tn tha "eiﬁ'CIed
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device. If interface 1C16 is selected. these data are trans-
ferred through interface 1C16 to connector P3 or J3. as
determined by address bits AQ and Al. The output to
connector P3 consists of dB out-of-limit signals and an
input disconnect signal which is active when the automatic
zeroing function is selected. The output data at connector
J3are used insignature anaiysis checks. If interface IC18 is
selected, the data on the data busare written into storage in
interface 1C18 for application 1o the display printed circuit
board. These data are then clocked out of storage to acti-
vate the LED display and annunciators on the display
printed circuit board. If interface 1C1 on the input printed
circuit board is selected. data on the data bus are trans-
ferred through the interface to control various functions on
the input printed circuit board.

4-32,  Connector J1 is included in the data bus on the
control printed circuit board to facilitate signature
analysis maintenance of the microprocessor circuits.
When connector J! is pulled out, the data bus is
disconnected from the CPU, and the CPU executes

successive NOPs for fres-running signature analysis
checks.

4-33. The CPU receives two controi signals directly
from the power supply printed circuit board. [fthe power
supply voltage should drop during operation, or on
equipment turn-off, signal NM1 is activated by the power
supply circuits; the CPU, upon receipt of this signal
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activates signal HALT, and halts further execution of the
program. Signal HALT is applied to the power supply
printed circuit board, where it latches signal RESEL to
the active state. Signal RESET, in turn, causes the
microprocessor io return to the starting point of the
program. When the power supply rises to a level
approximately 150 millivolts below its nominal value,
either as a result of correction of the undervoltage
condition or of power turn-on, signal RESET is
deactivated to permit execution of the stored program by
the microprocessor.

4-34. DETAILED THEORY OF OPERATION,
DISPLAY P.C. BOARD.
(See Figure 4-5.)

4-35. The display printed circuit board contains the
instrument LED display, meter, annunciators, keyboard,
anhd control circuits for these items. It interfaces directly
with the control printed circuit board. When any keyboard
key is pressed, the microprocessor on the control printed
circuit board interrupts the normal méasurement process
and accepts and stores-the key-entered Tommands; the
microprocessor also supplies digital data to the display
printed circuit board to cause keyed-in numerical vaiues to
appear on the LED display. The microprocessor resumes
the normal measurement process when any of the termina-
tor keys (LIMITS dB, CAL FACTOR, SELECT, REF
LEVEL dB) is pressed. Upon completion of the measure-
ment by the microprocessor, measurement values are sup-
plied to the display printed circuit board.

4-36. Operation of the display printed circuit board is
controlled by the microprocessor through integrated
circuit IC18 on the control printed cirenit board, which
provides the following functions:

a. It provides a RAM for storage of microprocessor
cutput data to the display printed circuit board.

b. It provides a first-in, first-out RAM which accepts
and stores input information (up to 8 key commands)
from the display printed circuit board.

c. it provides scan signals for both the LED display
and the keyboard.

4-37. The LED display consists of four 7-segment
dispiays, which provide a display capacity of four digits
with dectmal points, and a fifth display which is capable
of displaying a minus sign. Each display consists of
individual anodes for each segment that makes up the
display and the decimal poini, and a common cathode.
The character that appears on the display is determined
by the activated anodes at the time that the common
cathode is scanned. The individual displays and the
associated annunciators are scanned in sequence. The
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display duty cycle is [2.5%: that is, each digit or
annunciator of the instrument is on 12.5% of the time.

4-38. Digital information for the LED display and annun-
ciators is developed by the microprocessor, and is stored in
the output RAM contained in integrated circuit 1C18 on
the control printed circuit board. Digital information that
defines display and annunciator row selection is supplied to
8-channe! demultiplexer 1C2. The output lines of demulti-
plexer IC2 are activated in sequence, based on the input
digital codes. The signal on the active output line of demul-
tiplexer IC2 is applied through resistive network 1C5 to
dispiay driver 1C7, and the display driver supplics driving
power {or the corresponding display and the corresponding
row of annunciators., At the same time, digital data that
define the display segments and the annunciators that are
to be activated are supplied to decoder 1Ci. The binary-
coded input isdecoded by decode ICI, and the output lines
of the decoder are activated in accordance with this decode.
The outputs of the decoder activate the individual anodes
of the selected display and the individual annunciators in
the active annunciator row, thereby providing the appro-
priate instrument display. A decimal point signal is applisd
through transistor QI, when appropriate, to cause a
decimal point to be displayed to the right of the character
on the active dispiay.

4-39. Demultiplexer 1C2 aiso provides scanning signals
to the keyboard. As each of its first five cutput lines is
activated in sequence, 2 scan signal is appiied to an
individual row of the keyboard through an inverter. If
any key in the row being scanned is pressed, a signal is
supplied to one of the column output lines to the RAM in
integrated circuit IC19 on the control printed circuit
board, and the key command is stored by the RAM, Kev
selection is defined by a combination of the row scan
signal and the column output line. The RAM canstore up
to a maximum of eight key commands, and it delivers this
stored information to the microprocessor when it is read.
Actuation of more than eight key commands without a
read causes the RAM to be cleared.

4-40. Analog DC voltage, which is preportional 1o the
measured power level, is supplied from the control
printed circuit board to drive the front panel meter to
provide a relative indication of measured power for peak- .
ing and nulling applications. This also supplies a DC
analog voitage to rear-pane!l connector P1. This signal can
be used to drive an external recorder.

4-41. DETAILED THEORY OF OPERATION,
POWER REFERENCE P.C. BOARD.
(See Figure 4-6.)
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442, The circuits on the calibrator printed circuit board
are used to develop a | mW reference power level with a
30-ohm source resistance. This reference level can be used
for avtomatic calibration of the instrument.

4-43. The reference signal is generated by transistor
oscillator QI, which operates at a frequency of approxi-
mately 50 MHz. An automatic leveling circuit is used to
maintain a constant reference power level. Leveling is
achieved by rectifying the oscillator output signal in the
signal level detector circuit, and comparing the resulting
DC voltage with a stable DC voitage developed by

voltage reference IC1. The difference voitage is amplified -

by operational amplifier A 1, and the cutput level from the
operational amplifier controls a varactor in a capacitive
divider that determines the drive to the oscillator. The
output of the operational amplifier adjusts the varactor
effective capacitance as required to adjust the drive to the
oscillator in the direction and amount required to
maintain a constant cutpur level. A second capacitive
divider at the outpur of the oscillator divides the oscillator
output signal and tends to provide some isolation from
the load. Because the source impedance of this divider is
low, a 50-ohm series resistor is used to establish the
desired 50-6hm source resistance. The output reference
power levei signal is available at the front-panel POWER
REF conrnector.

4-44, DETAILED THEORY OF OPERATION,

POWER SUFPLY P.C. BOARD.
(See Figure 4-7))

4-45. The power supply printed circuit board performs
the following functions:

a. Converts 100, 120. 220, or 240 volt 50 to 400 Hz, ac
line power to -5, +5, +3.2, +15. and -15 volts d¢ for system
operation,

b. Generates a power-up signal for the microprocessor
when supply voltages reach the proper values for system
operation.

¢. Activates an interrupt signal to the microprocessor
when supply voltages drop to levels too low for reliable
operatiomn.

Section IV
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4-46. Input ac line power is supplied to the primary of
power transformer T1 on the main chassis through fuse F1,
line switch S1, and a line voltage selector switch.

4-47. Power transformer T1 steps down the ac line vol-
tage to two secondary windings. These voltages are recti-
fied by bridge rectifiers CR1 and CR2. The d¢ voltage
supplied by CR1isfiltered by Cl and C2 and drives regula-
tors IC2 and 1C3 which develop +15 and -15 voits, respec-
tively. The regulated -15 voit supply also drives reguiator
1C5 to develop the -5 voit supply.

4-48, “The dc voitage deveioped from CRZ is filtered by
C3 and drives regulator IC4 to produce +5.2 volts. RS
provides adjustment for the +5.2 volt supply.

4-49. The unregulated +15 volt suppiy also drives regula-
tor IC1 to produce +5 volts to power A1, IC6, and generate
a voltage reference at the junction of R7 and RS8.

4-30. The output voltage of the +5.2-volt regulated DC
supply is monitored by comparator Ala to develop a
power-up signal on turn-on and an interrupt signal under
undervoitage or power-down conditions. When the
instrument is turned on, comparator Ala develops a
positive cutput pulse when the output of the +5.2-volt

regulated supply rises to a value approximately 150 mV

.below the nominal output voitage; the exact power-up

signal point is adjustable by means of potentiometer R11.
The positive output pulse of comparator Ala clocks flip-
flop 1C6 to deactivate signal RESET to the micro-
processor on the control printed circuit board. If the
output voltage of the +5.2-volt regulated supply shouid
drop below the reliable usable level during operation of
the instrument and during instrument shut-down com-
parator Ala switches its output level to a logic low, thereby

activating signal NMI to the microprocessor. The .

microprocessor activates signal HALT, which resets flip-
flop IC6, thereby latching signal RESET fow to ensure
resetting of the microprocessor to the start of the program.

SIGNAL
LEVEL

[

CETECTOR
CR2

ki

i R1S J$2
CAPACITIVE 5C MH2 CAPAGITIVE 505
DIVIDER OSCILLATOR DIVIDER
VOLTAGE C4,CR3 al €9,ci0
~15Y ~—»| REFERENCE REF
Ic ;

Figure 4-6 Power Reference P.C. Board. Detailed Block Diagram
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31, INTRODUCTION

5-2. This section contains maintenance instructions for
the instrument. Included are a list of required test
equipment, trouble localization procedures, instrument
adjustment and sensor calibration procedures. Minimum
performance checks are included in Section [II: these
checks should be performed whenever there is any doubt
about instrument performance,

53. SAFETY REQUIREMENTS.

3-4. Although this instrument has been designed in
accordance with international safety standards, general
safety precautions must be observed during ail phases .of
operation, service and repair of the instrument. Failure to
comply with the precautions listed in the Safety Summary
at the front of this manual or with specific warnings given
throughout this manual could result in serious injury or
death. Service and adjustments should be performed only
by qualified service persornel.

5-5. TEST EQUIPMENT REQUIRED.

5-6. Table 3-1 lists test equipment required for main-
tenance of the instrument. Test equipment of equal
capability may be substituted for any listed item except
the model 5004A signature analyzer (unless it is known
that the substitute signature analyzer agrees completely
with the model 5004A) and the model 2500 range
calibrator.

NOTE

A Diagnostic ROM Kit, P/N 961003 is available for
use in troubleshooting the Instrument. The following
Two Calibration Data Cartridges are available for use
with the Instrument: P/N 961008-1 (for use with the
HP 9825A) and P/N 961008-2 (for use with the HP
85B}. The Calibration Data Cartridge can be used for
testing the GPIB. printing out the contents of non-
volatile memory, and DC and AC calibration. Instruc-
tions are inciuded with the kit and Data Cartridges.

5-7. TROUBLESHOOTING CONCEPT.

5-8. The instrument employs both analog and digital
circuitry. The digital portion uses a microprocessor in a
bus-orieated system. DC and AC measuring instrument
such as voltmeters and oscilloscopes have been the
traditional test instruments for electronic instrument
maintenance; however, in a microprocessor-based bus-
oriented system, such test equipment, while still useful

and necessary, leaves much to be desired. With such test
equipment alone, troubleshooting in a bus-oriented
system is extremely tedious and time-consuming, if not
impossible. A new technique called signature analysis has
been devised to deal with rﬁicroprocessor—based systems,
and the troubleshooting procedures in this manual are
based on sigmature analysis techniques,

5-9. SIGNATURE ANALYSIS.

5-10. A complete discussion of signature analysis is
beyond the scope of this manual; however, a brief
discussion will aid in maintenance of the instrument,
Long, complex data streams .are present in micro-
processor bus-oriented systems. In signature analysis,
with the system operating at normal speed, these data
streams are compressed into concise, easy to interpret
readouts (signatures) measured at pertinent nodes. By
choosing or generating appropriate measuring periods or
windows, these signatures become unique; one and oniy
one signature occurs at each node if operation is normal.
Using signature analysis, it is possible to proceed through
the instrument in an ‘orderly fashion until a faulty
signature is obtained. Generally, at this point, it is
possible to identify one component as the most probable
cause of the malfunction. '

TABLE 5-1. TEST EQUIPMENT LIS

=]

Nomenciature Model No,

Digital Multimeter Data Precision 1450

Oscilloscope
Power Meter Calibrator
Signature Analyzer
Calibration Data
Cartridges
For use with:

HP 9825A

HP 85B

Diagnostic ROM Kit

Range Calibrator

Miiliwat Test Set

VOM

General Purpose
Amplifier [0 dB*
*Requires 24 VDC

@ .6 A Pwr Supply
50 ohm Artenuator

Attenuator

Hewlett-Packard 1740A
Boonton Electronics 25A
Hewlett-Packard 5004 A
Boonton Electronics

P/N 961008-1
P/N 961008-2

P/N 961003
Boonton Electronics 2500
W & G EMP-1
Simpson 260 or equivalent
Mini-Circuits ZHL-3A

(N Connectors)

Midwest Microwave #389
or Weinschel Mod 2

HP Model 355C
oF equivalent

5-1
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5-11. Signature analysis checks are of two basic types:
“free-running™ and “stimulated™ or programmed. In free-
running checks, the data bus between the microprocessor
. and the system is opened, and an instruction that wiil

cause the microprocessor to free-run is forced. The
microprocessor then runs through its address field
repeatedly. Fres-running checks may be used to check the
following:

a. Microprocessor address output

b. Memory select decoding

¢. 1/0 select decoding

d. ROM program

5-12. Inthe stimulated mode, the data bus between the

microprecessor a2nd system bus is left intact, and

programs provided in a special ROM are invoked to
conduct the desired tests. In this instrument, the
stimulated mode is used to check the following:

a. RAM operation

b. Display functions and scanning

¢. Keyboard

d. 17O ports

5-13. In this instrument, programmed signature analy-
sis tests are activated by setting a bit switch, located at the
rear of the control board, to the number associated with

the particular test. In using signature analysis, the free- .

running tests should be performed first to ascertain that
the microprocessor is putting out a normal address fieid,
that the memory and I/ O decoding is correct, and that the
ROM centents are normal,

5-14. The signature analysis technique is applicable
oniy to the digital section of the instrument. Some
sections of the instrument employ both analog and digitai
circuits. The input module, for exampie, receives a DC
analog signal and amplifies the analog signal before
converting it to a digjtal signal. The power supply uses
both digital and analog circuitry to develop the voltages
necessary for instrument operation. The discussion of
these hybrid sections in Section IV of this manual will be
helpful in maintenance and servicing.

5-15. TROUBLE LOCALIZATION.

5-16. Gaining Access To Internal Components. To gain
access to intemal components of the instrument. remove the
top and bottom covers by removing the securing screws at
the rear of each cover and then sliding the cover to the rear.
Figure 5-1 shows the location of ali major assemblies. To
gain access to these assemblies, proceed as follows:

a. Input Module. To gain access to the inpui module,
remove four screws (on in each corner) and lift off the
cover.

b. Display Module. To gain access to the display
module. remove the top and bottom covers. remove the four

5-2

screws that secure the front top and bottom trim strips. and
remove the top and bottom trim strips and front panels.

¢. Power Reference. The power reference is secured to
the front subpanel with two screws entering from the rear.
To gain access to the power reference, follow the same
procedure as for the display module.

8-17. Visual Inspection. With the instrument covers re-
moved, inspect all assemblies for foreign materiz!. unseated
integrated circuits, transistors or connectors, for broken
leads, scorched components, loose screws, and other evi-
dence of electrical or mechanical malfunction.

5-18, UseofBlock Diagrams., By studyingthe derailed
theory of operation in Section [V together with the
associated block diagrams, it may be possible to isolate
the cause of an instrument malfunction to a particular
block.

5-19. Systematic Troubleshooting. If visual inspec-
tion and block diagram analysis deo not localize the source
of a malfunction, proceed with module troubleshooting

- as follows;

a. Power Supply, With normal input power applied to
the instrument. check the power supply output voitages at
each module power connector. Correct power supply
voltages are shown on the applicable schematic diagrams.
If an abnormal voltage is encountered. disconnect the
module connector from the module and note whether the
power supply output voltage becomes nomal: if it does.
the problem probably is not in the power supply. If. on the
other hand. the abnormal voltage condition remains. work
backward through the power supply circuits. comparing
voitages with those shown in Figure 7-7. By analyzing
abnormal indications. it should be possible to localize the
problem to one component in the power supply.

b. Input Moduie. With a 2.51 mW signal applied to
the power sensor, compare waveforms and voltages with
those shown in Figure 5-2. Correct indications will -
essentially eliminate the input module as the source of an
instrument malfunction; however, incorrect indications
will not necessarily localize the problem to the input
module because the input module depends on proper
operation of the control module for such functions as
ranging, analog-to-digital conversion, and recorder and
meter output. If incorrect indications are obtained,
localization of the problem using the oscilloscope and
digital multimeter may be a long and tedious process: a2
simpler approach may be to proceed with signanure
analysis.

¢. Display Module. Proper operation of the display
module is generaily self-evident. Incorrect operation does
not necessarily mean that the problem is in the display
module; the control module may be malfunctioning. The
simplest and quickest way to check the display module is
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to perform the visual and signature analysis checks
specified in paragraph 5-22 .

d. Control Module. If normal indications are ob-
tained in checking the power supply, input, and display
modules, the problem must be in the control module;
however, it is very unlikely that this situation will occur
because it is virtually impossible for the input and display
modules to operate properly if the control module is
malfunctioning. Signature analysis is the best way to
localize a problem in the control module.

5-26. SIGNATURE ANALYSIS
FREE-RUNNING TEST PROCEDURES.

521. To make fres-running signature analysis tests,
proceed as {oliows:

b CAUTION

b

Make sure that power is off before attempting
to perform steps a. b, and { of the following
procedure. Failure to observe this caution
may resuit in the loss or destruction of data
stored in the non-volatile RAM.

NOTE
Prior to any signature analysis checks, note
and record bit switch (Figures 5-1 and 5-3)
settings. Restore these switch settings upon
compietion of the signature analysis tests.

_a. With power off, remove the data bus connector
Pl onthe control board from socket J1 adjacent to J2, and
remove the data bus connector P1 on the control board
from socket J1 adjacent to IC2 and disconnect jumper from
connector J3. (See Figure 7-5.} Do not remove any of the
control board PROMSs, '

b. Detailed information for each of the free-running
tests is provided in Tables 5-2 through 5-7. For each
check. set the signature analyzer controls and make
signature analyzer connections as specified in the ap-
piicable table.

NOTE

Forinstruments containing PROMs with codes
differing from those referred to in the various
signature anzalysis tables contact the Boonton
Service Department for correct signatures.

¢. After setting and connecting the signature analyzer,
apply power to the instrument, touch the signature
analyzer probe to the specified measurement points, and
compare the signature obtained on the signature analyzer
with that specified in the table. An incorrect signature is
evidence of malfunction.

Section V
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d. If an incorrect signature is noted. try replacing the
integrated circuit(s) most intimately associated with the
point at which the incorrect signature was cbtained. For
example: an incorrect signature in the address field would
point to integrated circuit [C3 on the control board, but
the probiem could be caused by any other integrated
circuit or component tied to that address line.

e. A signature of 0000 is obtained with the signature
analyzer probe connected to common (ground). Some
other items which will produce this signature are:

“1."A node stuck at zero
2. A node at the signature anaiyzer clock frequency,

- f. A signature of 755U is obtained with the signature
analyzer probe connected to +5 volts. Some other items
that will produce this signature are:

1. A noede stuck at logic |

2. Any signal with a specific relationship to the clock
signal; if the clock signai is signal RD from the
microprocessor, signals [ORQ, WR. and RFSH are
examples of signals that will produce this signature.

g. Upon completion of the free-running checks, rum
power off. Then, reinstall data bus coanector Pl in
socket J1 om the conirol board and reinstail jumper at
connector J5. )

NOTE

If programmed tests are to be performed, leave
jumper disconnected from connector J5.

5-22. SIGNATURE ANALYSIS A
PROGRAMMED TEST PROCEDURES.

NOTE

Perform the free-running signature analysis
tests before proceeding with programmed
tests.

5-23. Use the following general procedure for each of
the specified programmed signature analysis tests:

NOTE

A Boonton Electronics Diagnostic ROM Kit is
required for the programmed signature analysis
tests.

a. Turn off input power to the instrument.

b. Remove ROM IC6 and IC7 from their sockets on the
control board. and remove ROM Ul from its socket on the
interface board. if option -01A is installed. or remove
option-01B if installed. (See Figure 7-3 and A-1).

c. Install the diagnostic PROM in place of ROM [C&
observing pin | orientation.

53
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Figure 5-1 Location of Major Assemblies (Sheet | of 2)
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Figure 5-1 Location of Major Assemblies (Sheet 2 of 2)
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g

1

L L L

MODE SET

2

£

CHANNEL SELECT SET

g

SENSQR SELECT SET

ENABLES/DISABLES USE OF BIT
SWITCH WITH IEEE-4888 BUS,

CLOSED FOR NORMAL OPERATION

Switch Setting " Comment
817|615 14|3]|2]1
AN
‘I;r g c|C Operate Mode
é U clo Calibrate Mode | (DC Cal.)
S|S§ ojcC Calibrate Mode 2 (AC Cal.)
C ;Fi C One Channel Cperation
é 0 Two Channel Operation
g clcl|c One Sensor Capability
D ciCcio Two Sensor Capability
clolcC Three Sensor Capability
c|O0|0 Four Sensor Capability
cic|cC Five Sensor Capability
O|C|C Six Sensor Capability
0O|0!IC Seven Sensor Capability
0|00 Eight Senscr Capability
O 00|00 |g500 Sealed System Operation

Figure 5-3 Control Board Bit Switch Settings
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TABLE 5-2. CONTROL BOARD ADDRESS FIELD TEST*

Signature Analyzer

Switch - Connection Bit Switch** Measurement
Function Setting Point I 23 45 6 7 8 [tem Point Signature
START I TPI
STOP 1 TPI
CLK - - TPS
L Any setting Common 0000
+5V 755U
AD IC3, pin 30 H2135
Al IC3, pin 31 Cl113
A2 IC3. pin 32 7050
Al 103, pin 33 0772
A4 IC3. pin 34 C4C3
AS IC3, pin 35 AAOCS
A6 IC3. pin 36 7211
AT IC3, pin 37  A3CI
A8 [C3, pin 38 . 7707
A9 IC3, pin 39  577A
A10 IC3. pin 40 HHS6
All IC3, pin | 89F1
Al2 IC3.pin2  AC9
Al3 IC3. pin 3 PCF3
Ald 1C3, pin 4 1180
. AlS IC3, pin 5 755U

*Thiis 1est checks the output of the proper address fieid by CPU IC3; however, any item connected 1o an address line

could be responsible for an incorrect signature on that line.
**() = open ‘

TABLE 5-3. CONTROL BOARD MEMORY DECODING TEST*

Signature Analyzer

Switch  Connection Bit Switch** Measurement
Function Setting "Point 1 2 3 4 5 6 7 8 lzem Point Signature

START I TPI
STOP L TPI
CLK T TP3

Any setting Common 0000

' +5V 755U

C3S0 1C4, pin I  FU4U

CSi IC4.pin 2 A207

cs2 IC4. pin3  H6A3

CS3 1C4, pin4  HUM

*This test checks.decoding for selection of memory integrated circuits.
**(O = open

5-8




[E——

[e—

[EoE—

Section V

Maintenance
TABLE 3-4. CONTROL BOARD I/0 DECODING TEST* .
Signature Analyzer ‘
Switch  Connection Bit Switch** Measurement
Function Setting Point 2 345 6 7 8 Item Point Signature
START I TPI
STOP 1. TP!
CLX T TP3
Any setting Common 0000
+5V 755U
- C30 IC14,pin| 17UH
CS1 IC14, pin2 7375
Cs2 IC14. pin3 253H
{83 1IC14, pin 4 8059
CSa ICl4.pin5 PAOU
*This test checks decoding for selection of 1/0 integrated circuits.
**() = open
TABLE 5-5. CONTROL BOARD ROM 0 TEST"
Signature Analyzet '
Switch Connection Bit Switch Measurement
Function Setting Point 1 23 45 6 7 8 ltem Point Signature
START TP7
STOP } TP7
CLK I TPS Any setting Common 0000
+5V 826P
Do IC6,pin9 4122
Dl 1C6. pin 10 2265
D2 IC6,pin Il AH7A
D3 IC6, pin 13 6341
D4 -1Cé, pin 14 COF3
D5 IC6. pin 15 7C3s
D6 IC6, pin 16  Fi52
D7 IC6.pin 17 U120
*This test checks the program content of ROM 0, for software code 314BC.
TABLE 5.6. CONTROL BOARD ROM 1 TEST*
Signature Analyzer
Switch Connection Bit Switch ..~ Measurement
Function Setting Point 123 45 6 7 8 [tem Point Signature
START L TPI19
STOP T TPI19 _
CLK _I-— TPS Any Setting Common 0000
+5V 826P
Do IC7.pin9 AU
D1 IC7,pin 10 5029
D2 [C7,pinll L12P
D3 IC7, pin 13 FUUZ
D4 IC7, pin 14 GAIS
D5 IC7.pin 15 API2
D6 IC7.pin 16 916P
D7 ICT7. pin |7 1967
*This test checks the program content of ROM 1. for sottware code 365BC,

5-9
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TABLE 5-7. INTERFACE BOARD ROM 2 TEST*

Signature Analyzer

Switch Connection Bit Switch Measurement.
Function Setting Point 1 2 3 45 6 7 8 ltem Point** Signature
START L TP13
STOP I TPIR
CLK I TPS . Common 0000
Any setting L5y 826P
DO ICI.pin9  S04F
Di ICL pin 10 A820
D2 ICIL pin Il PO3s
D3 ICI. pin 13 9OH3
D4 ICl. pinid PCl1A
D3 ICI, pin I5  20AC
D6 ICl. pin 16 PF5C
D7 ICl, pin 17  721H

*This test checks the program content of ROM 2, for software code 322BC.
**Signature anulyzer connection points are on control board: measurement points are on interface board.

d. Checek to see that data bus connector P on the control
bouard s installed in socker J1. and that jumper PS on the
control board is connected to conneétor 13,

* e. Turn on input power to the instrument.

f. Perform the specific test procedures provided in Tables
5-7 through 5-22. For each of the programmed signature
analysis tests. make signature analyzer connections and
switch settings as listed in the appropriate table. Then, set
the bit switch on the control board as specified.

Connect the signature analyzer probe to the specified
measurement points, and compare the signatures ob-

tained on the signature analyzer with those listed in the |

table.

& Notethatin eachsignature analysis test the sighature
analyzer probe is first checked on common (ground) and
then on +5 volts. If the specified signatures are not
obtained for these checks. do not proceed further; sub-
sequent signatures cannot possibly be correct. Recheck
all signature analyzer connections and switch settings.

h. Both visual and signature analysis tests are provided ~

forthe display and keyboard of the instrument. The visual
check should be made first because it is fast and simple;
if the visual check is satisfactory, the signature analysis
test may be omitted.

1. If an incorrect signature is obtained at any point,

replace the integrated circuit {or other active device) most
intimately associated with the node at which the incorrect
signature is obtained. All integrated circuits and transis-
tors in the instrument are socket-mounted for easy
removal and replacement, If the signature is still incorrect
after all active devices have been checked. all passive
devices connected to that node should be suspect.

5-10

Jj- Upon completion of all tests, disconnect all power to
the instrument. Replace ROM Ul on the interface board if
the -01A option is installed, or replace the -01B board. if
installed. Remove the diagnostic PROM from the control
board and replace ROM IC6 and IC7. -

k. Restore the bit switch (Figure 5-4) to the settings
recorded at the start of signature analysis tests.

5-24. NON-YOLATILE RAM
CIRCUIT TESTS.

A4 AAunFA

5-25. Non-Volatile RAM Test. To test non-volatile
RAMICS, proceed as follows:

CAUTION |

This test will destroy and overwrite instrument data
stored in the non-volatile RAM. necessitating reload-
ing of data. This test should be made as a last resort
only. or if it has been determined that stored instru-
ment data has already been lost or is fauity.

NOTE

Leave the Boonton Electronics diagnostic ROM
installed on the control board as for the programmed
signature analysis tests. Make sure that jumper PSon
the controi board is connected to connector J5.

a. With power applied 10 the instrument. set all eight
segments of the bit switch on the control board to the open
position.

b. Observe the instrument LED display. The LED dis-
play should provide an error indication ccce initially.
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TABLE 5-8 CONTROL BOARD 4ABIO TEST*
Signature Analyzer
Switch Connection Bit Switch** Measurement
Furction Serting Point Il 2 3 45 6 7 8 Item Point Signature
START I TP6
STOP ‘L TPH
CLK T TPs -
cccccceccecc Commeon 0000
+5V 0000
PBO J3, pin | 0000
PBI J3, pin 2 0000
PB2 J3, pin 3 0000
PB3 J3, pin4 0000
PB4 J3. pin 5 0000
PBS J3, piné 3000
PB& J3, pin 7 0000
PB7 J3, pin 8 0000
occccccc PBO J3, pin | 4F7C
cocccccc PBi J3, pin2 4F7C
ccoccccc PB2 J3, pin 3 -4F7C
cccocccc PB3 J3, pin 4 4F7C
ccccoccc PB4 J3, pin3 4F7C
cccccocCcc PB5 J3, pin 6 4F7C
ccccccoc PB6 J3, pin 7 4F7C
ccccccco PB7 J3, pin 8 4F7C

*This test checks operation of poris A and B of the control moduie I/ O port; the function of the bit switch is checked
coliaieraily.
**() = open; C = closed

TABLE 5-2 CONTROL BOARD 4CIQ TEST*

Signature Analvzer
Switch Connection Bit Switch** - Measurement
Function Setting Point 1 2 3 45 6 7 8 Item Point Signature

START . I TP6
STOP 'L TP6

CLK J-- TP5 - Common 0000

' +5Y 7C88

occcccco PCO IC16, pin 14 5437

PClI ICl6, pin 15 CCAS

PC2 IC16, pin i6 (788

PC3 IC16. pin 17 7CB88

*This test checks the operation of part of port C of the control board 1/ O port.
**( = open; C = closed

TABLE 5-10 CONTROL BOARD 4DIO TEST*

Signature Analyzer ‘ ‘
Switch Connection Bit Switch** Measurement
Function Setting Point ! 2 3 4 5 6 7 8 ltem . Point Signature
START T TP
STOP 1 TPé
CLK In TPS Common 0000
: +5V 58UA
cocCccccco pcs IC16, pin 13 0000
PC4 ICL6, pin 13 C35PQD
*This test checks the operation of part of port C on the control board [/O port.
**Q = open; C = closed {D Line voitage = 120 volts @ Line voltage = 90 volts

5-11
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TABLE 5-11 DISPLAY VISUAL TEST

Bit Switch*

1 2 3 4 56 7 8 Instrument Display
oOoCoocCccCco In succession;
All zeros

All ones through all nines

All decimal points

All left-most annunciators

All left-most-1 annunciators

All left-most-2 annunciators

All right-most annunciators and - sign
Repeat of the above

NOTE: If this visual check produces satisfactory results. there is no need to perform the associated signature analvsis
check.
* O = open; C = closed

TABLE 5-12 CONTROL BOARD DISPLAY TEST*
Signature Analyzer

Switch Connection Bit Switch** Measurement
Function Setting Point 1 23 456 7 8 ltem Point Signarture
START I TPé6
STOP 1 TP6
CLK T TP5
Common 0000
+5Y Fi2F
OO0 COOCCO Do IC3, pin 14 94F8
D1 . IC3, pin 15 PHSU
D2 IC3, pin 12 83FF
D3 IC3.pin8 4AlH
D4 IC3.pin7 HIPS
D5 IC3,pin 9 F3A7
Ds 1C3. pin 10 P8SF
D7 IC3. pin 13 5536

*This test checks output of digital information to the display. The signarure analysis gate in this test is quute
lengthy (approximately 8 seconds); hold the signature analyzer probe on each test point for at least one complete
window, approximately 20 seconds.

**0 = open; C = closed
TABLE 5-13 CONTROL BOARD DISPLAY SCAN TEST*
Signature Analyzer

Switch Connection Bit Switch** Measurement
Function Setting Point 1 2 3 435 6 7 8 [tem Point Signature

START J TP4
STOP T TP4
CLK _[— TP8

Common 0000

: +5V 0oQU

OO0 COO0OCCO S0 ICIS. pin 32 0000

Sl ICI8, pin 33 0005

52 ICI18, pin 34 (003

S3 ICI8, pin 35 000U

*This test checks the controi board display 1/O chip for output of encoded scan data.
**(Q = open; C = closed

5-12
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Bit Switch=**

Press Keyboard

Instrument Display

1 2 3 4 5 6 7 8 Key ‘

ccocccco MODE PWR 0
RANGE AUTO I

LIMITS LO 2

CAL FACTOR dB 3

SELECT SENS 4

dB REF LEVEL dB 5

MODE dB 8

RANGE HOLD 9

LIMITS H1I . i0

CAL FACTOR GHz 1

SELECT CHNL 12

CLR 13

CHS 16

5 17

6 18

7 19

8 20

9 21

. 24

0 25

| 26

- 2 27
3 28

4 29

CAL 32

ZERO 33

*This test is partly keyboard and partly control board because the 1/Q chip (IC18) for the dispiay board resides on the

control board.
**O = open; C = closed

TABLE 5-15 CONTROL BOARD RAM TEST*

Signature Analyzer
Switch Connection Bit Switch** Measurement
Function Setting Point I 2.3 45 6 7 8 I[tem - Point Signature
START I TPS
STOP T TP6
CLK _|' TPS
Common 0000
+3V 2915
cCocCccCccCcco PBO J3, pin 1 S5PPA
PBI J3, pin 2 770U
PB2 J3. pin 3 5PPA
PB3 13, pin 4 77UU
‘ PB4 J3.pin5 5PPA
PBS J3, pin 6 77Uy
PBs J3, pin 7 5PPA
PB7 J3, pin 8 770U

*This test writes bit patterns into each byte of the RAM, reads each byte and outputs it to the test socket at the rear of the

control board where it is checked with the signature anal

disclose most RAM failures.
**0 = open; C = closed

yzer probe. While not completely exhaustive, this test will

3-13
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TABLE 5-16 INPUT MODULE, CHANNEL 1 0AIO TEST*

Signature Analyzer

Switch Connection Bit Switch** Measurement
Function " Setting Point**=* 1 2 3 45 6 7 8 Item Point Signature
START g TP6 .
STOP 1 TP6
CLK T TP5
Commeon 0000
+5V 376P
coocCccCcccCco PAQ ICI, pin4  485P
PA1 ICl, pin3 1A33
. PA2 ICi, pin2 F85P
PA3 ICi, pini 3H7U
PA4 ICL. pin 40 OFFI
PAS ICE, pin 39 FIOC
PA6 ICI, pin 38 909]
PA7 ICI, pin 37 4P3lI

*This test checks the operation of 17O port A of the input module; correct signatures depend on proper functioning of

both the control board and the input module,
**() = open; C = closed

***Signature analyzer connection points are on the controi board: measurement points are on input module board.

TABLE 5-17 INPUT MODULE, CHANNEL 1 0BIO TEST*

Signature Analyzer

Switch Connection Bit Switch** Measurement
Function Setting Poing**=* 1 2 3 4 5 6 7 8§ ltem Point Signature
START k) TPg ‘
STOP 'L TP6
CLK _]' TPS :
Common 0000
5V 876P
oOoo0oCCCCO PBO ICI, pin 18 483P
: PBI ICI. pin 19 1A33
PB2 ICIL, pin 20 F8&3P -
PB3 IC1, pin 2! SH7U
PB4 ICI, pin 22 QFF]
PBs ICl. pin 23 FI0C
PBé6 ICI, pin 24 9091
PB7 ICI, pin 25 4P3lI

*This test checks the operation of 1/O port B of the input module; correct signatures depend on proper functioning of

both the control board and the input module.
**0 = open; C = closed

***>Signature analyzer connection points are on the control board; measurement poinis are on input module board.
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TABLE 5-18 INPUT MODULE, CHANNEL 1 ¢CIO TEST*
Signature Analyzer '
Switch Connection Bit Switch** Measurement
Function Setting Point*** 1 234356 7 8 Item Point Signature
START I TPo
STOP _]_ TP6
CLK ] I'P5 Common 0000
+5VY 5064
cccocCccco PCO ICI, pin 14 6UOI1
PC! ICi. pin [5 671U
PC2 ICL, pin 16 CFH2
PC3 ICL. pmn 17 [2tH

*This test checks the operation of part of /O port C on the input module; correct signatures depend on proper
operation of both the input module and the control board.

**Q = open; C = closed

***Signature analyzer connection points are on the control board: measurement points are on input module board.

TABLE 3-19 INPUT MODULE, CHANNEL 1 0DIO TEST*

Signature Analyzer
Switch Connection Bit Switch** Measurement
Function Setting Point**= [l 2 3 4 5 6 7 8 Itemn Point Signature
START I TP6 .
STOP T TP
CLK I TPs _ Common 0600
+5V 23HCor3C43
0OCcCCcocCCcCco PBO AS3,pinl 00000
PBO  AS5J3.pinl  7H97®

*This tesi checks pari of I/O port C of the input module for channei 1.
**Q = open; C = closed -

***Signature analyzer connection points and measurement points are on the control board.

(D) Signature obtained with range calibrator connected to channel | input, and range calibrator set to zero and R =500k.
or with instrument sensor connected to power REF connector and POWER REF ON switch set to off.

(D Signature obtained with range calibrator connected to channel | input, and range calibrator set to range 5 and Rg=
500k. or with instrument sensor connected to POWER REF connector and POWER REF ON switch set to on.

TABLE 5-20 INPUT MODULE, CHANNEL 2 1AIO TEST*
Signature Analyzer

Switch Connection Bit Switch** Measurement
Function Setting Point*** 1 23 456 78 Item Point Signature
START 1 TP6
STOP "L TP6
CLK _r TP5 Common Q000
+5v 876P
QocCocCccCcco PAQ ICl. pin 4  485P
PAI ICL.Lpin3 1A33
PA2 IClLpin2 F85P
PA3 ICI, pin 1 SH7U
PA4 ICI, pin 40 OFFI
PAS ICI, pin 3% FiOC
PAG ICI, pin 38 9091
PA7 ICI, pin 37 4PS8|

*This test checks the operation of I/O port A oninput module 2. Correct signatures depend on the proper operation of
both the control board and input module 2.

**( = open; C = ciosed
***Signature analvzer connection points are on the control board; measurement poinats are on input module board.
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TABLE 5-21 INPUT MODULE, CHANNEL 2 iBIO TEST*

Signature Analvzer

Switch Connection Bit Switch** Measurement
Function Setting Point*** 1 23 456 7 8 ltem Point Signature
START TP6
STOP L TP6
CLK : _I- TP3 Common 0000
+5V g76P
ccoocCcCCcCo PBO ICL, pin 18 485P
PB! ICI, pin 19 1A33
PB2 ICIL. pin 20 F85P
’ PB3 ICt. pin 2] SH7U
PB4 iCl. pin 22 OQFF!
PBs ICl. pin 23 FI10C
PBé ICL pin 24 G805
PBY ICI. pin 25 4P8I

*This test checks the operation of I O port B of input module 2. Correct signatures depend on proper operation of
both the control board and input module 2.

**() = open; C = closed

***Signature analyzer connection points are on the control board; measurement points are on input module board.

TABLE 5.22 INPUT MODULE, CHANNEL 2 1CIO TEST*

Signature Analyzer

Switch Connection Bit Switch** Measurement
Function Setting Point*** 1 23 45 6 78 liem Point Signature

START g TP6
STOP L TP6
CLK I TPS

Common 0000

. +5V 5064

OCoOoOoOoOCCCO PCO ICI, pin 14 6UO!

PCl ICL. pin 15 671U

PC2 ICl. pin 16 CFH2

PC3 ICL pin 17 121H

*This test checks the operation of part of 170 port C of input module 2. Correct signatures depend upon proper
operation of both the control board and input module 2.

**Q = open: C = closed

**xSionature analyzer connection points are on the control board; measurement points are on input module board.
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TABLE 5-23 INPUT MODULE, CHANNEL 2 1DIO TEST*
Signature Analyzer
Switch Connection Bit Switch** Measurement
Function Setting Point*** 1 23 45 6 7 8 [tem Point Signature
START I TP6 ,
STOP L TPS
CLK ) _r TP5
Common 0000
+5V P9s1(Dor 1088
CcCooo0oCccCcco PBO A3J3. pinl  0000(D)
PBO ASJ3. pin | TH97Z

*This test checks part of ;O port C of the channel 2 input module.

**0 = open: C = closed

*=*Signature analyzer connection poinis and measurement points are on the control board.
Signature obtained with range calibrator connected to the channel 2 input, and range calibrator set to zero and Rs
=500k2, orwithinstrument channel 2 sensor connected to POWER REF connector and POWER REF ON switch

set 1o off,

@ S’ignature obtained with range calibrator connected to the channel 2 input, and range calibrator set to range 5 and Rs
=500k .or with instrument channel 2 sensor connected to POWER REF connecror and POWER REF ON switch

set to on.

¢. Turn the input power off, then back on. If the non-
volatile RAM is operating properly, the instrument LED
display will show [ 111,

d. Repeﬁt step ¢ several times. The LED display should
always show 1111, not the error indication.

e. Upon completion of this test, turn off input power to
the instrument. remove the diagnostic ROM from the con-
trol board. and install integrated circuits ICS and IC6 in
their sockets on the control board, making certain that the

" correct pin | orientatien is observed,

5-26. Non-Volatile RAM Cell Test. To test the non-
volatile RAM cell, procead as follows:

4

| CAUTION }

The following test procedure must be adhered to
strictly; otherwise, instrument data stored in the nen-
volatile RAM will be lost. Do not attempt to take
measurements other than those specified. Take all
necessary precautions to ensure that no terminals are
shorted to another terminal or to common (ground).

NOTE

The loud imposed on the cell by the non-volatile
RAM is 5.25 microamperes or less. With this load,
the cell has a rated life of at least 100,000 hours, which
is greater than 10 years.

4. Remove the non-volatile RAM cover to gain access to
the cell terminals.

b. Connecta digital multimeter between the cell positive
terminal and ground. ensuring that the cell is not shorted to
ground at any time,

c. Observe the digital multimeter indication: it should
be approximately 3 volts with input power to the instru-
ment turned off. If the indication is much lower than 3
volts, replace the cell in accordance with the procedures in
paragraph 4-25,

5-27. Non-Volatile RAM Cell Replacement. {Sce Figure
5-4). The replacement time for the cell is expected to be 10
years from the time of manufacture. This is the shelf life of
the ceil. If cell replacement is needed. restoration of all
instrument calibration data will be required. To replace a
defective cell, proceed as {ollows:

p  CAUTION

Use care to avoid shorting the leads of the replace-
ment cell. This will cause discharge of the cell and
result in reduced cell lifetime.

a. Remove the control printed circuit board from the
instrument.

b. Remove the insulating shields from the non-volatile
RAM section.

¢. Disconnect the positive lead of the defective cell by
cutting the lead. ‘

d. Unsolder the defective cell using a low-wattage

soldering iron. and remove excess solder from the mount-
ing holes. -



Section V
Maintenance

e. Install the replacement ceil, observing cell poiarity.

f. Solder the negative terminal of the cell first. Then, as
quickly as possible, solder the positive terminal.

g. Check the non-volatile RAM current by measuring
the voitage across resistor Ré. This voltage should be less
than 525 microvolts.

h. Measure the voltage at pin 12 of'integrated circuit
1C8. This voltage should be approximately 3 voits.

i. Reassemble the shieids on the control printed circuit
board. and install the control printed circuit board in the
instrument.

5-28. INSTRUMENT ADJUSTMENTS.

5-29. General. Adjustrnent procedures are provided for
the chopper, input. display, power supply and power refer-
ence boards. The conirol board requires no adjustments.
For the locations of test points and adjustment controls,
refer to the applicable diagrams in Section VI1.

5-30. Power Supply Adjustments. With all power connec-
tors in place, the instrument controls set for proper line
operation, and with line voltage appiied. make power
suppiy adjustments as follows:

a. Connect the digital voltmeter between TP3 and
commen. Note the voltage indication; it should be 5.20
10.002 Vde. Adjust RS as required to obtain the specified
voltage. :

b. Connect the digiral volumeter between HI lead 1o TP2
and LO lead to TP4. Note the voltage indication: it should
be 150 mV =10 mV. Adjust R11 for an indication of 150
mV. {The polarity of the reading will depend on how the
test probes are connected 10 the circuit.)

c. Connect the digital voitmeter between TP and
common. The voltage should be +15Vde. 0.6 Vdc.

d. Connect the digital voltmeter between TPS and

common. The voltage should be -15Vdc. £0.6Vdc.

e. Connect the digital voltmeter between TP6 and
commen, The voltage should be -5Vde, £0.2 Vde,

5-31. Input Module Adjustments. To adjust the input
module, proceed as follows:

a. Gaining Access to Adjustment Controls. To gain
access 10 input module adjustment controls. remove the
four screws that attach the input module cover. and
remove the cover. If the instrument is equipped with two
input modules (option -03), the channel 2 input module
will have to be removed temporarily to provide access to
the chanfiel I input module. The removal procedure for
the channel 2 inpiit module is as foilows:

1. Remove the four channel 2 input module cover
attaching screws, and remove the cover.

2. Remove the channel 2 chopper by unplugging it and
positioning it out of the way.,

3. Disconnect the voitage supply cable.
4. Disconnect the the 40-pin bus connector.

LEAD

BTt /

L ' -
i T

POSITIVE

CONTROL
P.C. BCARD

518

Figure 5-4 Non-Volatile RAM Cell Test and Connection Points
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5. Remove the four screws that attach the channel 2

input medule to the side frames of the instrument, 4nd .

remove the channel 2 input module. Take care to ensure
that no adjustments are disturbed.

6. Reverse steps 1 through 5 to install the channel 2
input module in the instrument.

b. Offset Adjustments. To perform input module
offset adjustments, proceed as follows:

1. Turn on the instrument and the Model 2500 range
calibrator, and allow the equipment to warm up for a
least 30 minutes. ’

2. Connect the equipment as shown in Figure 5-5.

3. Set the instrument controls as follows:

(a) Setthecontrol board bit switch for calibrate mode 1.

(See Figure 5-3.)

(b) Press | and SELECT CHNL keys on the
keyboard if the channel | input module is to be adjusted;
press the 2 and SELECT CHNL keys if the channel 2
input medule is to be adjusted.

(c) Press the 0 and RANGE HOLD keys on the
keyboard. .

4. Set the range calibrator and controls to range 0 and
500k 2 source resistance, and press the ZER O button,

5. Connect a digital multimeter between test point TP9
on the input module and common.

6. Connect a clip lead from test point TP$ to chassis or
COTIMOn.

7. Connect a clip lead from test point TP7 to chassis or
comrmaon.

4. Observe the digital multimeter indication: it should
be less than 715 millivelts. If the digital multimeter
indication is incorrect. adjust potentiometer R45 as
required to provide a digital multimeter indication of less
than 5 millivolts. '

9. Remove the clip lead from test point TPY. The
digital multimeter indication should be less than *15
miilivolts. If the digital meltimeter indication is incorrect,
adjust potentiometer R36 as required to provide a digital
multimeter indication of less than 5 millivolts.

10. Remove the clip lead from test point TP7.

1i. Using the digital multimeter, measure the voltage
at test point TP3. The voltage should be less than =100
millivolts. If the voltage is incorrect, adjust potentiometer
R24 asrequired to provide a voltage indication of less than
=100 millivolts. .

NOTE
Potentiometer R24 is omitted in later instruments.
12. If nofurther adjustments are to be performed. set

the contrel board bit switch back to operate mode. (See
Figure 5-3.)
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¢. Chopper Adjustment. The preceding offset adjust-
ments must have been completed before chopper adjust-
ment is attempted. To perform the chopper adjustment,
proceed as follows:

. Allow the instrument to warm up for at least 30
minutes.

2. Connect the instrument and test equipment as
shown in Figure 5-5.)

3. Set the instrument controls as follows: .
. fa)Setthecontrol board bit switch forcalibrate mode .
(See Figure 5-3.)

(b} Press the ! and SELECT CHNL keys on the
keyboard if the channei | chopper is to be adjusted: press

the 2and SELECT CHNL keysifthe channel 2 chopper is
to be adjusted.

{¢) Press the 0 and RANGE HOLD keys on the
keyboard.

4. Set the range calibrator controls to range 0 and
500k source resistance, and press the ZERO burtton.

3. Using the digital multimeter, measure the voltage at
test point TFP9 on the input module. Adjust potentiometer
R4 and potentiometer RS on the chopper board equally 1o
obtain a reading from zero to -100 millivolts, but as ciosero
Zero as possible.

NOTE

- Considerable fluctuation in the digital multi-

meter indications will be observed during the
voltage measuremenis in the preceding step.
The fluctuation is caused by noise. thermals,
etc, Mental averaging of the indications wili be
required.

6. If no further adjustments areto be performed. set
the control board bit switch back to operate mode. (See
Figure 5-3.)

d. A/D Converter Adjustment. Conversion of volt-
age levels from analog to digital format is performed by
the input module A/D converter, which operates in
conjunction with the instrument microprocessor and
appropriate software, There are two adjustments associ-
ated withthe A/ D converter: anupscale adjustment anda
downscale adjustment. These adiustments have been
made precisely during the instrument calibration process,
and should seidom. if ever, require readjustment; how-
ever, if it is desired to check and readjust the A/D
converter, the procedure is as follows:

NOTE
The input module offset and chopper adjust-

ments should be completed before proceeding
with the A/D converter adjustment.
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I. Connect the instrument and test equipment as
shown in Figure 5-5. Turn on the instrument and test
equipment and allow a warmup period of at least 30
minutes.

2. Set the instrument centrols as follows:

(a) Set the control board bit switch to calibrate mode 1.
{See Figure 5-3.)

(b) Press the 1 and SELECT CHNL keys on the
kevboard if the channel l'input module is to be adjusted;
press the 2 and SELECT CHNL keys on the keyboard if
the channel 2 input module is to be adjusted.

(c) Press the 0 and RANGE HOLD keys on the
kevboard.

3. Set the range calibrator controls to range 0 and
500k source resistance, and press the ZEROQ button.

4. Zero the instrument by pressing the ZERQ Xey on
the keyboard.

5. Upon completion of the zeroing operation, press
the 5and RANGE HOLD keys on the keyboard.

6. Set the range calibrator to range 5 and release

the ZER O button. The indication on the instrument LED
display should be 3685, If the indication is incorrect, adjust
potentiometer -R! on the input module as reguired to
obtain the 3685 indication on the LED display.

7. Set the range calibrator to range 2. Press 2 and
RANGE HOLD keys on the instrument and record the
displayed reading.

8. Settherange calibratortorange i and adjust R11
for one tenth of the reading recorded on range 2. For
exampie, if the range 2 display was 3680, set range | to
display 368. '

NOTE

It there is not enough range of R1 or RIL,
center R1 and RI11 under the condizions of

paragraph 6 ubove and adjust R34 to obtain o
display of 3.685 on range 5. Then repeat para-
graphs 7 and 8 above. There is some interaction
between R1 and R1i. so recheck adjustments.

9. Set the control board bit switch back to OPER-
ATE MODE. (See Figure 5-3.)

NOTE

Data has been entered into the non-volatile
memory of the instrument at the factory for the
instrument and for the sensor(s) ordered with

. theinstrument. A copy of the factory-entered
data is provided under the right side cover of
the instrument. Field entry of data is nat
required unless stored data is destroyed or its
accuracy becomes suspect, or if another sensor
is to be used with the instrument.

5-32, DC Calibration. The front end of the instru-
ment input module is a balanced-input DC amplifier with
seven decade ranges for nominal inputs of 10 microvolts o
10 volts. The output is an unbalanced DC with a 2.5 volt
full scale vaiue for each range: this DC is converted into 2
proportional digital value. One manual gain adjustment.
potentiometer R44, adjusts the gain of all ranges by the
same amount; this adjustment is {actory set during instru-
ment caiibration. Individual range adjustments are accom-
plished through software correction or adjustment. which
is also determined during instrument calibration. The soft-
ware corrections are stored in the instrument non-volatile
memory. A gain factor associated with the recorder DC
output is also stored in the memory. To calibrate the DC
gain of the instrument. proceed as follows:

a. Connect the instrument and test equipment asshown
in Figure 3-5.

b. Set the instrument conirols as follows:

MODEL 2800
- RANGE
CALIBRATOR

MODEL 4200
RF
MICROWATTMETER

SENSOR //
/Q V- —-]

CHANNEL 2

7 CHANNEL 1 i 1

—_—— ]

Figure 5.5 Test Setup for Input Module Offset. Chopper, and A/ D Converier Adjustments

5-20




[ —

1. Set the control board bit switch 1o OPERATE
MODE (see Figure 5-3.)

2. Set the range calibrator to range 0 and depress
ZERO.

3. Pressthe 1 and SELECT CHNL keysifchannet |
is to be adjusted: press the 2 and SELECT CHNL keys if
channel 2 is to be adjusted.

4. Press the MODE PWR key.
5. Press the 0 and CAL FACTOR dB keys.

6. Press the 0 and REF LEVEL dB keys.

7. Press the ZERO key.

8. After zeroing is completed, set the control board
bit switch to CALIBRATE MODE ! and press, in order,
the 1,0, 0, ,-and RANGE AUTO keys.

9. Release the range calibrator ZERO.

18. Line-by-line set the range calibrator and press the
instrument keys as listed in Table 5-24.

11, Disconnect the range calibrator and set the control
bourd bit switch to OPERATE MQDE,

5-33. AC Calibration. Two types of data are stored in the
instrument non-volatile memory for each senser that is
calibrated with the instrument: low-frequency gain correc-
tions, and high-frequency gain corrections or calibration
factors. (The calibration factors are marked on the sensor
housing.) The low-frequency gain corrections are of two
types: a gain factor for each range. and 2 gain correction for
cach range. Any sensor procured independently of the in-
strument must have its low-frequency gain data entered und
stored in the non-volatile memory. Entry of high-frequency
£ain corrections is not absolutely necessary because calibry-
tion factors can be read from the sensor housing und entered
through the instrument keyboard while using the instru-
ment: however. if the capability of making automatic high-
frequency gain corrections as a function of tfrequency is
desired. high-frequency guin corrections must also be
entered and stored in the instrument non-volatile memory.
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NOTE

For 4200-5B and 4200-5E series scnsors, in-
crease all the levels indicated below by + 10
dBm. For 4200-6 series sensors. increase all
levels by +20 dBm. Refer to puragraph 3-41
for procedure to obtain levels sefficient to cali-
brate the highest runge when using a 4200-6
sensor. Refer to paragraph 5-40 for calibrating a
4200-4C sensor.

a. Connect the instrument and test equipment us shown
in Figure 3-6,

NOTE
To calibrate with 4200-3G. 4200-7E or 4200-
8E sensors, the Model 25A must be repiuced
with an equivalent 50 MHz source.

b. Depress the Model 25A ZERO or 50 MHz source.
. Setthe control board bit switch to OPERATE MODE.

d. Press. in order. the !, SELECT CHNL. sensor
number of I through 8, as appropriate, (See Section 3-39
Fonm sntrlied ™1 T

for additional sensorsy. SELECT SENS. (1. CAL FACTOR

dB. 6, and REF LEVEL dB kevs.

e. Set the control bourd bit swirch v CALIBRATE
MODE I.

rn

f. If calibrating a 4200-4A. B. C. E series sensor. press,
in order. the 0. CAL FACTOR GHz. 1. 0.0, 0. and CAL
FACTOR dB keys.

If calibrating a 4200-6E scries sensor, press. in order. the 2
CAL FACTOR GHz. 1. 0. 0, 0. and CAL FACTOR dB
keys.

If calibrating a 4200-7E sensor, press. in order. the 1, 3. 1.
CAL FACTOR GHz, 3. 8. 5. 0, and CAL FACTOR dB
LLys

If culibrating a 4200-8E sensor. press. in order. the 1. 3. 2,
CAL FACTOR GHz. 3. 8. 5. 0. and CAL FACTOR dB

To calibrate the fow-frequency gain of the instrument. keys. ]
proceed as follows:
MQODEL 25A MODEL 4200
POWER METER RF .
CALIBRATOR MICROWATTMETER * DIGITAL
MULTIMETER
SENSOR
Q -
POWER *DIGITAL MULTIMETER CONNECTS TO
SENSOR REAR PANEL CONNECTOR J20.

Figure 5-6 Test Setup for Recorder Qutput Adjustment

5-21
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TABLE 5-24. DC CALIBRATION TEST
Range Allow Record
Caiibrator Press settling Press Display
Range 0 0. RANGE HOLD, — CAL.REFLEVELdB = {000
3.6...8,5.MODE dB

Range ! 1. RANGE HOLD — CAL.REFLEVELdB = {000
Range 2 2, RANGE HOLD —_ CAL.REF LEVEL dB = {000
Range 3 3.RANGEHOLD — CAL.REFLEVEL dB = 1000
Range 4 4, RANGE HOLD — CAL.REFLEVEL dB = 1000
Range 5 5. RANGEHOLD — - CAL REFLEVEL 4R == 1000
Runge 6A* 6. RANGE HOLD — CAL.REFLEVEL dB = 1000

*S/N 975 and above if B() series software is used. set Range to 6B. SN 1186 and above set to range 6B.

it calibrating a 4200-5B. E series sensor, press, in order,
the 1. CAL FACTOR GHz, 1. 0. 0. 0. and CAL FACTOR
dB keys.

It calibrating a 4200-5G series sensor, press. in order. 6. 5.

CAL FACTOR GHz. [. 0. 0. 0. and CAL FACTOR dB
keys.

g. Enter the last four digits of the sensor serial number
by pressing the appropriate kevs followed by the LIMITS
dB HI. 1. 0. 0. 0. and RANGE AUTO keys.

NOTE
Pressing N and then HOLD selects range N.

h. Set the control board bit switch to CALIBRATE
MODE 2 for subsequent operations.

i. Zero the 4200 by pressing 0. HOLD. ZERO. Wait for
the completion of the zeroing process (digit display indi-
cates ccec then returns to numeric display).

J. To adjust the full scale gain. set the Model 25A or
30 MHz source and 4200 as listed in Tabie 5-25.

k. Set 25A or 50 MHz source for no output. Sct the con-
trol board bit switch to OPERATE MODE and press
'RANGE AUTO. ZERO.

i. To coleulate the down scale corrections. st the
Model 25A or 50 MHz source and 4200 as listed 'in Table
5-26.

NOTE

There t5 a one-to-one relationship between the
counts entered for the downscale correction (X))
and the correction which results.

Exampile "True reading = 1.000 pW
Display reading = 1.006 pW
Downscule correction = —6

Always use whole numbers: the ideu is for dis-
play reading to equal true reading.

True reading = 10.00 pW
Display reading = 9.95 pW

Downscale correction = 3

m. To enter the downscale correction. refer o Table 5-
27 and set the bit switch to CALIBRATE MODE 2.

n. Sct the bit swiich to OPERATE MODE and check
accuracy. '

" o. If after cheeking accuracy there are out-of-tolerance
conditions. the quality of cuch range may be changed as
follows:

Example

OPERATE MODE input =
Display reads —44.30 dBm
The difference is 30 counts low. In dBm mode. there is a
twenty-tu-one relationship between the counts entered for
tull scate correction and the correction which results: 20 x
6 = 600

Set the bit switch to CALIBRATE MODE 2 and recall guin
factor by pressing HOLD. REF LEVEL dB. A gain factor
of 5000 is displuayed. Increuse gain factor by 600 by pres-
sing: 5.6.0.0, REF LEVEL JdB. Recheck in OPERATE
MODE. It the example display was 30 counts high, a cor-
rection would have been made 600 counts Jower or 4400,

— 41 dBm

3-34. Display Board Recorder Qutput Adjustment. To
check and adjust the recorder output. proceed ax follows:
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TABLE 5-25. FULL SCALE SENSOR CALIBRATION DATA Maintenance
FOR 44, 4B, 4C, 53B*, SE* AND 6E* SERIES SENSORS
Allow Record
25A 50MHz Press settling Press - Display
= 54dBm(.398nW) 0.HOLD.,3.9...8 — CAL.O.HI. REFLVLdB = 5000
G.MODE dB
— 4dBm(3.98aW) [.HOLD.3.9..8 — | CAL.0.HI. REFLVL dB = 5000
0.MCDEdB
—34dBm(39.8nW) 2.HOLD.39,.8 —_ CAL.0.HI.REFLVL dB = 5000
0.MODEdB :
—24dBmi3.98W) 3. HOLD.3.9.. .8 — CAL.0.HI. REF LVL dB = 5000
0.MODEdB
— 14dBm{39.83W) 4 .HOLD.3.9...8 — CAL.O.HI.REFLVYL dB = 5000
0.MODE dB ‘
0dBm{ .00mW) 5.HOLD.9.9...9 — CAL.0.HI.REFLVL dB = 5000
9.MODE dB
+ 10dBmi 10.0mW) 6.HCLD.9.8...9 —_ CAL.O.HI.REFLVL dB = 5000
9.MODE dB
#All levels should be increased by 10 dB for 5B and 5E sensors and 20 dB for 6E sensor,
FOR 5G SERIES SENSOR -
. Allow Record
50MHz source Press settling Press Display
—20dBmi }.26pW) 2HOLD 12,6 — CALOHI REFLVI 4B = 5000
0.MODE dB ’
— 19dBm( 12.6pW) 3. HOLD.1.2,..6 — CAL.0.HI.REFLVLdB = 3000
0.MODE dB
—6dBm(.251mW) 4 HOLD.2.5...1 —_ CAL.0.HI. REFLVLdB == 5000
0.MODE ¢B
+ 7dBmi5.0tmW) 5.HOLD.5.0...} —_ CAL.0.HI. REFLVLdB = 5000
0.MODE dB ‘
+ 19dBmi{79.4mW) 6.,HOLD.7.9...4 — CAL.O.HI.‘REF LVL dB = 3000
0.MQDE dB :
0.HOLD.0.REFLVL dB.0H!
0.HOLD.O.REF LVL dB.0.HI
FOR 7E AND 8E* SERIES SENSORS
. Allow Record
30MHz source Press settling Press Display
= 20dBmi( 10.0uW) 0.HOLD.99...9 — CAL.0.HI. REFLVL dB = 5000
9.MODE dB .
- {0dBm( 100 W) 1.HOLD.9.9...9 — CAL.0.HI.REFLVLdB = 5000
9.MODE dB ’
0dBm(1.00mW) 2.HOLD.9.9.9 — CAL.0.HI.REFLVLdB = 5000
9.MODEdB
+ 10dBm(10.0mW} 3. HOLD.Y.5...9 —_ CAL.0LHIL REFLVLJB = 5000
9.MODEdB

4. HOLD.O.REFLVL dB.0.HI
5.HOLD.0O.REFL.VLdB.0.HI
6. HOLD.O.REF LVL ¢B.0.HI

#[nerease level by 10 dB for 8E sensor.
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TABLE 5-26. DOWN SCALE SENSOR CALIBRATION DATA
FOR 4A, 4B, 4C, 4E, 5B*, SE* AND 6E* SERIES SENSORS
Record Display .
25A or 50MHz Reading True Reading Downscale Correction

—60dBm(1.00nW) 1.00nW Range 0 =
—50dBm(10.00nW) 10.00nW Range | =
—-40dBm(100.0nW) 100.0nW Range 2 =
— 30dBm(|.000pW) 1.000uW Range 3 =
—20dBm(10.00uW) 10.00uW Range 4 =
— 10dBm{ [(0.0p.W) _100.0pW Range 5 =

+ 3dBm(2.00mW) 2.00mW Range 6 =

*All levels should be increased by 10 dB for 5B and 5E sensors and 20 dB for 8E sensar.

FOR 5G SERIES SENSOR

50MHz source

Record Display
Reading

True Reading

Downscale Correction

~37dBm(. 2000 W)
—26dBm(2.511W)
— 16dBm(25.1xW)

— 3dBm(.50imW)
+ 10dBm(10.0mW)

200 W
2510w
25.1uW
S01mwW
10.0mW

Runge2 =
Range 3 =

Range 4 =

Runge 5

Range 6 =

FOR 7E AND 8E SERIES SENSORS

50MHz source

Record Display
Reading

True Reading

Downscale Correction

—26dBm(2.51uW)
— 16dBm(25. 1 p W)
—6dBm(.251mW)
+4dBm(2.51mW)

2.51uW

25.1pW
251mwW

2.51mW

- Range 2

Range 0 =

Range |

Range 3 =

5-24

TABLE 5-27. DOWNSCALE

CORRECTION DATA
PRESS
0. HOLD. X. X. X. X. HI
. HOLD. X. X. X. X. HI
5. HOLD. X. X. X. X. HI
3. HOLD. X. X. X. X. HI
4, HOLD. X. X. X. X. HI
5. HOLD. X. X. X. X. HI
6. HOLD. X. X. X. X. Hi

X Denotes downscale correction
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a. Connect the instrument and test equipment as shown
in Figure 5-6. :

b. Set the instrument controls as follows:
i. Press the MODE PWR key on the keyboard:
2. Press the RANGE AUTO key on the keyboard.

3. Press the 0 and CAL FACTOR dB keys on the
keyboard.

4. Press the 0 and REF LEVEL dB keys on the
kevboard,

c. Set the power meter calibrator ousput to | mW,

d. Check the indication on the LED dispiay of the instru-
ment. if the indication is not 1.000 mW, press the CAL
key.

e. With 1.000 mW indicated on the'LED display. check
the indication on the digital muitimeter; it should be 9.98 to
[0.00 volts, If the indication is correct. proceed directly to
step h: if the indication is incorrect. proceed to step f.

£. If the digital muitimeter indication in preceding step e
was incomrect, set the control board bit switch to CALI-
BRATE MODE | (sze Figure 5-3) and press the LIMITS
dB LO key on the keyboard. The LED display will show a
gain modifier of approximately 3600. Calculate a revised
gain modifier value to obtain the required comrection. For
example: if the digital muitimeter indication were 9.96 volts
(0.4% low) and the LIMITS dB LO key recalled a gain

maditier of 3500. the revised gain modifier value would be:
1.004 x 3300 = 3514, .

Enter this revised gain modifier value by pressing the
following keys on the keyboard:

35,14

LIMITS dB LO

LIMITS dB LO (revised value should appear on the LED
display)

2. Reset the corntroi board bit switch to OPERATE
MODE 0. (See Figure 5-3.) Note the indication on the digi-
tal muitimeter: it shuld be 9.98 to [0.00 volts. Repeat steps
fand g. if necessary. until the correct indication is obtained.

. Set the power meter calibraror output to 0.123 mW,
and observe the indications on the instrument LED display

" and on the digital multimeter. The millivolt indication on

the digital multimeter should equal ten times the value
shown on the LED display =1 count. [f the digital multi-
meter indication is incorrect. adjust potentiometer R335 on
the input module board as required to provide the proper
digitul multimeter indication.

i. Repeut steps e through h untdl no further adjustments
are neécessary.
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NOTE

Make sure that control board bit switch is set
back to OPERATE MODE upen completion of
adjustments.

5-35. Power Reference Adjustment. To check and udjus:
the power reference output, proceed as follows:

a. Connect a 50-ohm test probe to a Model EPM-1 milli-
waltt test set.

b. Tum on the milliwatt test set and the insirument.
Allow the milliwatt test set and the instrument to warm up
for at least 30 minutes.

c. Standardize the milliwartt tes1 set tn accordance with
the manufacturer’s instructions.

d. Connect the probe of the milliwatt test set to the
POWER REF connector of the instrument and note the indi-
cation on the milliwatt test set. The indication should be
within £0.0035 dB. .

NOTE

If the indication in step d is within the specified
limits, no adjustment of the power reference is
required. Proceed with the following steps only
if the indication is outside the specified limits.

e. Remove the bottom cover.

f. Remeve the bottom front trim strip from the instru-
ment by removing the two screws (one on each side) that
secure the trim strip.

g. Locate the power reference adjustment. {See Figure
510

h. Adjust the power reference adjustment R4 as required
to obtain an indication of 0 dBm +0.005 dB or the milli-
walt test set.

i. Restandardize the milliwatt test set and recheck the
power reference. Readjust the power reference adjustment
a8 TICCEeSSry. C

j. Tum off the instrument and the milliwatt test set.
Install the trim strips and cover.,

5-36. Entry of Sensor Calibration Factors Versus Fre-
gquency. Proceed as folows:

NOTE

The 4200 is capable of storing twenty calibration
factors (0 through 19) for each sensor (from 1 to §)
programmed into the instrument. Frequencies must be
in ascending order. starting with the lowest and



Section V
Maintenance

advancing in sequence to the highest. If less than
twenty calibration factors are to be entered, enter the
calibration factors available then fill the remaining
positions with the highest frequency and associated
calibration factor.

a. Using the keyboard keys, select the sensor for which

calibration factors are to be entered. For example, if the
calibration factors to be entered are for sensor 4, press the 4
and SELECT SENS-keys.

b. To confirm correct sensor selection press the SELECT
SENS key. The number of the selected sensor will appear
on the instrument LED display.

¢. Set the control board bit switch. to CALIBRATE
MODE 2. Refer to Figure 5-3.

d. Using the kevboard kevs, enter the calibration factor
position number {0 through 19) followed by the RANGE
AUTO key.

For example: to enter a frequency and calibration factor into
position 0, press the 0 key followed by the RANGE AUTO
 Key. ‘

e. Using the keyboard keys, enter the frequency to which
the sensor calibration factor to be entered applies.

For example: if the sensor calibration factor to be entered
applies to a frequency of 0.1 GHz, press the 0, ., and |
numeric key. then press the CAL FACTOR GHz key.
(Frequencies of 0.1 GHz through 110 GHz are valid).

f. Using the numerical keys, enter the sensor calibration
factor for the frequency selected in step e. (For negative
“values, press the CHS key after entering the sensor calibra-
tion factor value.) After entering the correct sensor calibra-
tion factor value, press the CAL FACTOR dB key. (Values
of ~3.00to +3.00 are valid.)

g. Repeat steps d through { undi all twenty positions are
filled.

h. Press the 0 and RANGE AUTO keys.

i. Set the control board bit switch, to the OPERATE
MODE. Refer to Figure 5-3.

5-37. SENSOR CALIBRATION

3-38. General. In order to use a sensor for which calibration
data is unknown. the foilowing requiremenss must be met:

a. The control board bit switch must be set to accept
another sensor number without returning an error indica-
tion. Data is stored in the instrument aon-volatile memory
for the number of sensors procured with the instrument: if a
sensor number other than any of those for which data is
stored is sefected. an error message is displayed on the in-
strument LED dispiay. thereby indicating an empty storage

focation. The control board bit switch is set to accept this
number as the number of the sensor for which new duta is to
be entered. and the error indication is erased automatically.
The maximum number of sensors for which duta may be
stored is eight. If data for eight sensors is already in storage
and it is desired to use another sensor. the data alrezdy in
storage for one of the sensors must be over written.

b. Serial number, type. and attenuation data for the new
sensor must be entered into non-volatile memory. (See Sec-
tion 5-33)

c. Gain factors and gain corrections for the new sensor
must be developed. entered. and checked. A calibration
source is required for this function. (See Section 5-33)

d. Calibration factors versus frequency. which are shown
on the barrel of the sensor. musi be entered into non-volatile
memory. (See Secion 5-36)

5-39. Bit Switch Setting For Additional Sensor. To de-
termine the correct bit swiich setting for the new sensor.
proceed as {ollows:

a. If the number of sensors for which data is aiready
stored is unknown. select sensors in sequence through the
keyboard until an error indication (CCO02) appears on the
instrument LED display. For exampie, press the 1 and
SELECT SENS keys, the 2 and SELECT SENS keys, the 3
and SELECT SENS keys, and the 4 and SELECT SENS
keys. )

b. When an error indication is returned. press the
SELECT SENS key a second time; if the LED display does
not indicate the last selected sensor number. it can be as-
sumed that no data has been entered in non-volatile memory
for this sensor number. ‘

c.. Set the control board bit switch (Figure 5-3} to accept
the sensor number that produced the error indication and
mark this sensor number on the sensor barrel.

5-40. Calibration of Model 4200-4C Sensor. The calibra-
tion procedures for this sensor are the same as those for
other sensors. except that a 50-ohm to 75-ohm transformer
is required betwesn the power meter calibrator und the
sensor. Any loss or gain introduced by the ransformer must
be taken into account during the calibration procedure. For
example. if 4 transformer with a loss of 0.05 dB at ! MHz is
used. the LED display indications must be reduced by (.05
dB while the input levels remain the same.

NOTE
When making finai calibration checks of the
sensor, the transformer loss in the example
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above can be compensated for by entering a cal-
ibration fuctor of + 0.03 dB into the instrument.

5-41. Calibration Notes, Model 4200-6 Sensor + 30
dBm Range.

5-42. The maximum output level of the Model 25A cali-
brator, which is recommended for instrument calibration, is
+20 dBm. Because levels of +20 to +30 dBm are re-
quired for checking or calibrating the highest range of the
4200-6 sensor. an amplifier with an exact gain of 10 in
power and a capability of delivering | watt into 50 ohms at
! MHz is required. The procedure which follows outlines an
alternate method for checking this range.

a. Calibrate and/or check the instrument with the 4200-6
sensor on all ranges except the highest (+ 30 dBm) range as
outlined in paragraph 5-33.

b. Connect the instrument and test equipment as shown
in Figure 5-7. A small fan directed at the Model ZHL-3A
will minimize drift. The exact attenuation of the 10 dB, 50
ohm attenuator must be known. If the exact attenuation is
unknown. it can be determined with a reasonable degree of

-accuracy as follows:

. With the Mode] 25A, the instrumnent, and the 4200-
6 sensor calibrated or checked as in paragraph a above, set
the output of the Model 25A to 10 dBm and vonnect the
equipment as shown in Figure 5-8.

2. Note the reading on the insirument dispiay. The
attenuation value of the 10 dBm attenuator is 10 dBm minus
the dBm indication on the instrument display. Higher resol-

* ution may be obtained by operating the instrument in the

PWR mode and calculating the atteruation value from:

Attenuation (dB) =
log 10.00 mW .
Insuument indication (mW) with 10 dB attenuator

¢. Using the test setup shown in Figure 5-7, note and
record the indication on the instrument display as the Model
25A output level is varied over the range of + 10 dBm to
+ 1 dBm. A tabular form as shown in Table 5-28 is récom-
mended. In Table 3-28. the first column is the Model 25A
output setting, and the second column lists indications
typical of what might be expected. These two columns

amount to a calibration of the Model 25A —~ Model ZHL-3A
combination. :

d. Remove the 10 dB arenuator from the test setup
shown in Figure 5-7. and connect the 4200-6 sensor directly
o the Model ZHL-3A. Set the Model 25A output to the
levels listed in the first column of Table 5-28, and record
the indications on the instrument display in the third cotumn
of the table. Idezlly, the values listed in the third column
will equal those listed in the second column plus the exact
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attenuation value of the 10 dB attenuaror. If the values listed
in the third column are within =0.02 of the values listed
in the second column plus the exact value of the 10 dB
attenuator, no adjustment on this range is needed. If read-
justment is desired, proceed to paragraph 3-44.
NOTE

At the higher output level. the output will be -

disterted: however, this does not matter since

_the same distortion exists in both determinations

{second and third columns).

5-43. Inthe + 30 dBm range adjustment procedure that fol-
lows. it is assumed that the 4200-6 sensor has been pre-
viously calibrated with the instrument. The adjustment
value is stored in REF LEVEL dB: this value will be in the
vicinity of 5000. If thé 4200-6 sensor has not been cali-
brated with the instrument. 5000 should be stored initially

and adjusted as necessary. Use the following procedure:
a. Set the Model 25A output 1o +7 dBm.

b. Set the control board bit switch (Figure 5-3) to
CALIBRATE MODE 2 (switch No. 2open).

¢. Press the instrument REF LEVEL dB key. The dis-
play will indicate 2 number in the vicinity of 3000.

d. If the 4200-6 sensor has not been calibrated previ-
ously. enter 5000 as the initial value by pressing the 5,0, 0,
0. and REF LEVEL dB keys. Repeat the procedures of
paragraphs 3-42c, 5-42d. and 5-43a through 5-43c¢.

e. Adjust the value obtained in paragraph ¢ above in the
desired direction by increasing or decreasing this value. A
change of [2 counts in this value corresponds to a change of
approximately 0.01 dB. For example: if the recorded indi-
cation in Tabie 5-28 were 25.34 dBm rather than 25.32
dBm as required. a correction of —0.02 dB is necessary:
therefore, 24 coufits should be subtracted from the vaiue ob-
tained in paragraph ¢ above. To enter this new vaiue. press
the'N. N. N, N. and REF LEVEL dB keys.

f. After entering the adjusted value. set the control board
bit switch {Figure 5-3) to the OPERATE MODE (switch
No. 2 closed), and recheck the performance by returning to
paragraph 5-43c.

5-44. If the difference in the last column of Table 5-23
exceeds =0.02 dB for the 3, 4 or 5 dBm setting of the
Model 25A, this difference may be reduced as foliows:

a. Set the Model 25A output to +4 dBm.

b. Set the control board bit switch (Figure 5-3) w
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MODEL 254
ATTENUATOR ) wes . |. MODZL
FOVERMETER HP MODEL 255¢ MODEL ZHL-3A > S0OHM 42005 - Moot
(10 mwW) OR EQUIVALENT ATTENUATOR SENSOR

Figure5-7. Test Setup for Determination of Attenuation Value

. 4200-6

MODEL MODEL

MODEL 25A 1048
POWER METER N 50 OLM
CALIBRATOR
(10 dir) ATTENUATOR

Y

SENSCR 4200

Figure 5-8, Calibration Test. Setup, Model 4200-5 Sensor. +30 dBm Range

TABLE 5-28. TYPICAL CALIBRATION DATA FOR MODEL 4200-6 SENSOR WITH MODEL 4200

Model 25A Model 4200 Indication Model 4200 Indication
Level with 10dB Awen. Without 10 dB Atten. Difference
10 dBm ' 20.02 dBm 30.05 dBm +0.01 dB
9dBm 19.02 dBm 29.04 dBm +0.02 dB
8dBm 18.06 dBm 28.07 dBm +0.01 dB
7dBm 17.09 dBm 27.09dBm 0.00 dB
x 6dBm 16.12 dBm 26.11 dBm -0.01 dB
: 5dBm 15.13 dBm 25.12dBm —0.01 dB
‘ 4dBm 14.15 dBm 24.13 dBm —0.02 dB
‘ 3dBm 13.16 dBm 23.16 dBm 0.00dB
‘ 2dBm 12.18dBm 22.18dBm 0.00dB
1dBm 11.17 dBm 21.18dBm +0.01 dB

CALIBRATE MCDE 2 (switch No. 2 open).

c. Press the LIMITS dB HI key on the instrument front
panel and note the vaiue shown on the instrument dispiay.

d. Increase or decrcase this value as required in steps of
5 or 10 counts. returning the control board bir switch to the
OPERATE MODE (switch No. 2 closed). and noting the

result. Repeut the adjustment us necessary to obtain the de-
sired indication.

¢. Recheck the entire range. starting with paragraph
5-43¢.

f. At the conciusion of the procedure. be sure to return
the control board bit switch to the OPERATE MODE
(switch No. 2 closed).
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6-1. INTRODUCTION

Table 6-2. Replaceable Pars. list all the replaceable parts
and includes: the reference symbol, description. MiT..

SECTION VI
PARTS LIST

Mfr's Part No. and the BEC Part No. Table 6-1. Manu- T

Section V1
Parts List

TABLE 6-1. MANUFACTURER’S FEDERAL SUPPLY CODE NUMBERS

facturer's Federal Supply Code Numbers. list the manufac-
turer's federal suppiy numbers. :

NUMBER | NAME NUMBER | NAME NUMBER | NAME

00241 Fenwal Electronics 20307 Arca — Micronics 54420 Dage = MTI

01121 Allen 8radiey 24266 Gowanda Electronics 54426 Buss Fuses

01247 Sprague Electric Compuny 27012 National Semiconductor 54473 Panasonic

01295 Texas Instruments 27264 Moiex. Ine. 56289 Sprague Electric Company

(32660 Amphenol 27735 F-Dyne Electronics 36708 Zilog. [ne.

02735 RCA Solid State Division 27777 Varo Semiconductor 57582 Kahgan Electronics Corp.

038838 Pyrofilm (KDD 28480 Hewlett-Packard Corp. 61637 Kemet-Union Carbide

4713 Mutorola Semiconductor 333 Comporents Corp. T450 CTS Corp.

04901 Boonton Electronics 31918 [TT Schadow. Inc. 73138 Beckman [nstru.. Helipot Div.

06383 Panduit Corp. 32575 AMP 81073 Grayhilt

06778 Robinson Nugent, Inc. 32897 Erie Y1293 Johanson

07263 Fuirchiid Semiconductor 32097 Bourns, Ine.. Trimpot Div. 91506 Augat

07326 Fairchild Semiconductor 33297 NEC 98291 Sealectre Corp.

i38i2 Dialco Div. of Amperex 33883 RMC 99942 Centralab

[4655 Comell-Dubilier 34335 Advanced Micro Devices s4217 United Chemicon. inc.

17801 Panel Corp. (Schurner) 51640 Analog Devices, Ine.

19701 Mepco Electra 52464 OKl

TABLE 6-2. REPLACEABLE PARTS

94084302A GPCORE: 0 REV: B= COMMOM CHASSIS 4204
MODEL: 42820
REFERENCE FER.  MANUFACTURER BET
CESIGHATAOR CDESCRIPTION COGE PART HUMBER BTy PRART MNUMBER
AT C5y PWA COMTROL 47401 04223F400E H 042234 00E
A2l 2 (5 FPWA DISPLAY PR A 542353000 i 042338000
ATCSD (G Pis POWER SUPPLY 04301 Q422310400 1 042231 042¢C
REC TS TGy PWe THPUT 04901 042230015 1 44223001E
J26 ‘G2 COMNECTOR ASSY FEMALE 04501 g9214101C 1 g9z14101C
J103 (GY COMMECTOR ASSY FEMALE gasg01 092141 01C 1 fs214101C
J36-04 (G? COHHNECTOR ASSY FEMALE 04901 paz14t101C 1 092141018
Wiv ¢G> CRELE UNIT-1£ PIN gamnl 920048908 1 220045008
WwzZn CRBLE FLAT UNIT 7391 STU0IZNL00 i 920052908
Wiz (G CABLE A%SY PT TO DISPLAY gasnl  FFi1i42000 1 S¥ii142000
W13 vE» CRBLE ASSY PSS TQ CONTROL 24994 E711440008 1 svita4d4000
Mtd {3y CARAELE RETESY PS —-CONTROL #2 G492 IV11435060 1 Ir1143008
W1 L CRAELE ASSY PT To IHPUT 04301 TF114304C 1 SV11430002
wan ¢i3; CABLE BBSTY PS TO INTERFACE 04307 SF114700C 1 SFT1147 Qa0



Section VI 6-2. Replaceable Parts (Continued)

Parts List

§4223400E OPCODE: 0 REY: Gx  (G> PWA CONTROL

MODEL: 4200

REFERENCE FED.  MANUFACTURER BEC
DESIGMATOR DESCRIPTION CODE  PART NUMBER @TY  PART HNUMBER
BT CELL LITHIUM 3¥ 4473 BR23I2T-1HE 1 S5Z50070090
1 CAP MICa 430pF 1% SO0gY 146535 CDi1SFD431F03 T 200037000
od-4 CAP MICA 100pF %% SO0V 14635 CMOSFD191403 1 2000010400
c3 CAP TANT 1SufF 10% 20V 56283 136D156X9020KAT 1 283227000
C4-7 CAP EL YO0uF 20%4 25v $4217 SM-25-vB-10-N 4 283335000
CR1-2 DIODE SIG 1N914 01295 1H914 2 S300ss8600
e IC 7404 HEX INYERTER 01295 SHT404N 1 334042000
1c2 RES HETUORK 4.7K 2% 1.8u 01121 3168472 1 345020000
1c3 IC Zeo-CPU-PS ' S&73 280-CPU-FS i 534159000
1ca IC 74L$42 4-10 DECODER 81295 SN7ILS42N 1 S34210000
1ce IC MSM5128~20-RS RAM 2K X 8 $2464 MSMS128-20-R 1 534364000
1cs IC 4011 QUAD 2 TNPUT HAND 827335 CD4BIIAE 1 5340822000
1c13 RES HETWORK 4,7K 22 f.8w g1121 2168472 1 343020000
1c14 IC 74LS42 4=-710 DECODER 01295 SHV4LS42N 1 3342310000
Ic1s IC 74L532 QUAD 2 INPUT OR 01295 SHN7P4LS32N 1 534188000
1c16 IC 825SAPC PERIPH IMTERFACE 34335  AMB2SSAPC 1 534171090
ICi1? RES NETWORK 4.7K 2% 1.84 01121 3168472 i 345020000
1c18 IC 827%-2 KEYBD/DISP INTERFRCE 33297 uPDS279C-2 1 534211000
VB CONNECTOR 2 PIN STRAIGHT 27264 22-03-2021 1 477361000
Ja CONNECTOR 2 PIN STRAIGHT 27264 22-03-202) 1 477381000
J1-2 SUCKET IC 16 PIN 06776 ICN-163-53-G 2 473042000
B CONHECTOR 2 PIN STRAIGHT 27254 22-03-2021 1 477381000
[ INDUCTOR 1SuH 10% 24226 10M1%52K 1 400373000
PB SHUNT 2 CIRCUIT 27264 15-38-1024 1 483233000
Fa SHUNT 2 CIRCUIT 27284 13-38-1024 1 4g32sSToO0Q
P SHUNT 8 CIRCUIT 32579 4357p4-8 I 483226000
Pz €G) CONNEETOR 3 FPIN RT ANG MOD 04901 - 47733200A 1 47?733I300A
P3 €G> COMHECTOR 5 PIN RT ANG MUD 04901 477332008 1 477332008
P4 {C> CONNECTOR € PIM RT aHG MOD 04901 477331060 i 477331608
4 SHUNT 2 CIRCUIT 27264 15-33-1024 1 4832%3040
21 TRANS NFN 2N3304 24713 2N3IT04 1 s28a71000
R RES MF 332 CHM 12 1744 19781 S043IEDIIZROF 1 341250000
RZ-3 RES MF 10.0K 1% 1ray 19781  S043ED)0KOOF Z 3414080000
R4-5 RES MF 5.11K 12 1/48 19701 SO043EDSKI1OF 2 341368000
R& RES MF 100 OHM 12 1/4U 15701 S043ED1OOROF 1 341200000
R? RES MF 16.0K 1% 1/4W 19701 S043ED1OKGOF 1 347400000
R8 RES MF 5,11K 1% 174U 19701 S043EDSKIIGF 1 341368060
RS-11 RES MF 4.75K 1% 1/4U 15701 S043ED4KTSOF 3 341365000
s1 SWITCH ROCKER SPST DIF 81073 7&SBES 1 463223000
XI1E3 SOCKET IC 40 PIN 08776 ICH-405-54-TG 1 473052000
X1c6-9 SOCKET I£ 24 PIN 06776 ICH~245-54-G 3 473043000
¥IC1E SOCKET IC 48 PIN 08776 ICH-405-S4-TG 1 473082000
xicia SOCKET IC 40 PIN 06776 ICN-406-54-TG 1 473032000
xSt SOCKET IC 1é PIN 06775 ICH-183-83-G 1 4¥3042000
042362018 OPCODE: 0 REY: D—  UNIGUE CONFIG PARTS 4200

MODEL: 4200

REFERENCE FED.  MANUFACTURER BEC
DESIGHATOR DESCRIPTION COPE  PART NUMBER QTY  PART HUMBER
1CERS IC EPROM PROUG. Z6TBG 4200 04901 353I43I6S00H 1 $32436500H
IC7RS 1C EPRGM PROG. 314BG 4200 04901 53431400H 1 T3431400H
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p42335E00C

QPCODE: 0 REV:

MODEL: 4281

REFERENCE ) FED. MANUFACTURER BEC .
DESIGNATOR DESCRIPTION CODE PART NUMBER aTy PART NUMBER
c3-4 CAP EL 10uF 207 23¥ $4217 SM-2E-VYE-10-NM 2 283336400
CR1-13 LED RED DIFF 5082-4£84 2848¢ HLMP-130t 13 536024900
o IC 74C43 BCD 7 SEG DECODRER 27014 MM74C438H 1 334214300
Ic2 IC 40318 8 CHAN MULT/DEMULTPL 02735 CD40SIBE - t ES34133000
1c3 IC 404%A HEX BUFF 82735 E£D4049aE 1 534172000
Ics RES NETWORX 100 OHM 2% 1.84 o1121 " 31€B191 1 345021000
ICcs RES NETWORK 4.7X 2% 1.34 91121 316B4v2 1T 343020000
iceé DISPLAY MNUMERIC 3082-7833 28480 3J082-7E33 1 5345809000
Ic? 1C 8263 DRIVER 27014 DSBE63IN 1 334215008
ICs-t1 DISPLAY NUMERIC 3S082-7833 284808 3S032-7E£33 - 4 536309009
J1 SOCKET IC 16 PIN 06?76 ICN~183-S3-G 1T 4730429000
Mt METER MRRKED MODTEC 00-700-0%92 1 TS433500A
P1 COMHMECTOR 6 PIN STRAIGHT POLAR 27264 22-04-2061 1 477327000
P2 HERGER 2 FPIN RT ANGLE Q€383 HFAS100-2-C 1 4773£7008
a1 TRANS HPHN 2NJ088 BLUE Q4713 2ENS0SEB 1 528047000
R4 RES MF 92.09K 1% 1/4u 19781 SO43EDIKGIOF 1t 341392000
RS RES MF 3.87K 14 t1/4U 19701 T043EDBKBTOF t 34i3I91000
RrRE RES MF 15.0K 1X 1744 19701 S043EDI1SKOOF 1 341417000
R? RES MF 4.735K 'td 1/40 19701 SO043ED4K?SOF 1 3413565000
g1-26 SWITCH PUSHBUTTON SPST 21918 2195272 26 4685230009
Xics SOCKET I 14 PIN 66775 ICN-143-83-G 1 473013000
RIS~ SCCKETY IC 14 FIH 86778 ICH=-143-S3-G % 473019006
£42230018 OPCODE: 0 REV: ) PWAINPUT AND PWA INPUT -03 OPT

042230028

MODEL: 4200

REFERENCE . FED, MANMUFACTURER BEC
DESIGNATOR DESCRIPTION CODE PART MNUMBER aTY PART HNUMEBER
ARt IC 3014 OF AMP 27014 LM30TAN 1 533012000
AR2 IT 3114 OP AMP COMPARARTOR 27014 LM3UIN 1 535034000
RR3 IC 3014 CP AaMP 27014 LM301AN 1 5350129000
AR+ IC 3140 QP AMP 02733 CAZI140RE 1 535450000
ARS-6& (G) IC 356B OP AMP SELECTED 04201 S35062000 2 53I58szo0ac
ARY (G? IC SELECTED LF3I36 OPAMP 04901 335979000 1 335479000
ARB-Z IC 3140 OP AMP 0273% TA3140AE 2 3533830000
ct CAP CER 33pF S% 1080V 56289 197CC-Q33 1 224139000
c2 CAP EL 10uF 20X 25V 54217 SM-25-¥B-10-M 1 283335000
c3 CaP CER 33pF 3% 1000V T6289 19TCC-Q33 1 224133000
ca CAP PE 8.0'uF 18¥% 80Y 56289 192P1039RE 1 234092000
C3 CAP CER 1%50pF 104 &00% 16346 CE-131 . 224314000
ce=-7 CAP CER 33pF I 1000% 6289 10TCC-933 2 224132000
ce CAP CER 1000pF 10% &80V 16546 CE-102 1 2243180408
€9 CAP MICA 1S00pF 1% SG60% 14635 CD19FD1S2F T 200331800
ciz2 CAP CER G.01uF 100V 33883 BT 25U 1T 224119000
ct3 CAP CTER &BpF 10X 500V 16346 DTZ~-68 1 2243120080
ci4 CAP PE 0.01uF 10% B0Y J6289 192P1039RS 1 234092000
c13 CAP CER 0.01TwF 100V 33883 8T 23U 1 224113000
c1s CAP CER 6BpF 104 &00¥ 16546 DTZ-68 t 224312000
c17 CAP CER 2200pF 10# 230¥ 16546 CF=-222 1 224309000
c1e CaP PE 0.0tuf 10¥ 33¥ 56289 192P1039R8 1 2340920080
ci19 CaP CER 330pF 10% 640V 16346 CE-331 T 224313000
cz9 CAP PP 0.14F 10% 10OV 2773% PPl11-.1-10-100 t 234142000
cz22 CAP PP D.1uF 10X 100V 27733 PP11-,1-10~100 1 234148000
cz23 CAP CER 33pF 5% 1500V 56288 10TCL-G33 1 224139000
czs CAP CER 33pF 5% 1000V 56289 10TCC-G33 1 224133000
c26 CRP CER T000pF 10% 600% 16346 LE-102 1

6-2. Replaceable Parts (Continued)
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Section VI
Parts List

042230018
042230028
MCDEL: 4200

REFERENCE

6-2. Replaceable Parts (Continued)

OPCODE: 0 REV:

DESIGNATOR DESCRIPTION

c36
€37

1

1c2

1c3

1cs

ic6
1c7-8
IC9-10
1C1
113-14
P2

R44
R4S
R47
R48
R4g-52
RS2
R34
RSS
RT1
%14
XAR4-7
X1C1
XIc2
XIC8
XIC9-10

64

CaP
CAP
EAP

CAP CER 1689pF 104 600V

IC 8253APC PERIPH INTERFACE
IC 565 DAA CONVERTER 12 BIT
IC 40538 TRPL DECDR/DEMULTPZR
IC 40478 MULTIVIE (RCA DOHLY)
IC 30518 HULTIPLEXER RCA ONLY
IC 40138 DUAL FLIP FLOP

IC 40188 QUAD SWITCH

IC 4075E TRPL 2 INPUT OR

IC 405iE RULTIPLEXER RCA OnLY
CONHECTOR & PIN RT ANG MOD
YAR 100 OHPM 10X 0.3W

reos
LYia/

<G

RES
RES
RES
RES
RES
RES
RES
RES
RES
RES

BES

Lo =

RES
RES
RES
RES
RES
RES
RES
RES
RES
RES
RES
RES
RES
RES
RES
RES
RES
RES
RES
RES
RES

RES

RES
RES
RES
RES
RES
RES
RES
RES

EL 10uF 20% 25Y
CER 150pF 140X &50Y
EL 100uF 202 23

MF 2.67K 1% 1/44%
MF 1.90K 12 1/44
MF 100 OHM 1% 1/4¥
MF 10.0K 1% 1/49
MF S. 11K 1% 1/74¥

MF 10.0K 14 1/744d

MF 8.23K 14 1/4¢
MF 10.0K 1¥ t/4M

COMP 3.0M %X 1/44
VAR ®mpy 1n% . =u

o Vo i

MF 1.00M ¥4 1/4%
MF 237K 14 1744
MF 249K 1% 1/748
MF 12.1K 14 1744
MF BO06K 1% 1/49H
CONP 1eh 5% 1/44
MF 1.32K 14 1/449
fiF 20.0K 1% T/9W
MF 221K 1% 1/4y
MF 1.00M 12 1/44
MF 1.920M 1% 1/4y
MF 100K 1% 1/4W
MF 100K 1% /44
MF 9.09K 14 t/44
MF 10.8K 1% 1740
MF Z.H1K 14 1740
YAR 10K 10% 0.54
MF 3.92K 11X t/44
MF 7.87K 1% 1/44
MF 80.86K 1Z 1/44
MF 806K 14X 1/4W
MF 7.30K 1% t/4¥
VAR 200K 10% 0.5W
VAR 10K 10X 0.35W
MF 3.92K 1% 1/44
MF 903K 12X 174U
MF 47.35K 1% 1/4u
MF 190K 11X 1740
MF 200K 11X 174U
VAR 10K 10% 0,354

THERMISTOR 350 GHM 10X
SOCKET IC 6 PIN
SOCKET IC 8 PIN
SOCKET IC 40 PIN
SOCKET IC 24 PIN
SQCKET IC 16 PIHN
SOCKET IC 14 PIN

PWA INPUT AND PWA INPUT -03 QPT

02735
02735
227395
G2735
04901
73132
19781
15761
19781
19701
18701
19701
1970t
12701
DY R
73138
14674
19701
19701
19701
19781
o1121
19701
19701
19701
14674
14674
19781
1971
197401
19701
13781
73138
19701
18701
19761
19707
192?01
73138
73138
19701
19701
1s701
13707
197
7313€
0241
0E7VS
0e77s
867?76
06776
0e??76
06776

MANUFACTURER
FART HUMBER

SM-23-¥YB-10-M
CE~-131

SM-25-¥B=-100-N

CE-182
ANBZISAPL
ADTSTARID
MC14053BCP

.CD40478E

CD4051BE
LD40138E
CO40168E
C04073SBE
CD405iRE
4773311094
T2PR100
S04IEDZKETOF

SO43EDIKODOJF -

SO043EDTDORDF
S043EDIOKGOF
SO043EDSK110F
S043EDTOKOOF
$043EDEK25S0F
S043ED1 OKODF
CEZ0SS
P2PRS3K
SU43ED1MOJ0F
S04ZEL22PKOF
S043ED249KOF
SU43ED12KI10F
S043EDRVEKIF
CB12¢65S
S043ED1KB20F
SU43EDZ UKD BF
S043ED2Z1KOF
B043EDI1MOQOF
S043EDIMOOOF
S04TEDT1OOKOF
SU43EDT1DBKOF
SO43EDOK O OF
S043ED1OKOOF
SO043EDSKI 1 GF
T2PR10K
S043EDIKIZ0F
E043EDFKST7OF
S043EDSOKSOF
S043EDSOEKOF
SN43EDTKSO0F
72PR20UIK
72PR10K
SU43EDIKSZOF
S043EDTIOKOF
SU043ED4TKSOF
%D43ED 1 DOKOF
S0&3ZED200KOF
T2PRITUK
LE1SJdT~-H
ICN-063-3S3TG
ICN-083-33-¢
ICH~-406-54~-TG
ICN~-24£-S4-G
ICN-163-53-G
ICN-143~83-G

BEC .
PART HNUMBER

283336000
224314000
283334000
2243100400
S34171800
421034000
09342070400
334229000
5342090500
534205400
334218000
534205000
§3428%1000
4773Z100A
311408000
34132419000
341300008
341208009
3414900090
341358000
3414900000
341388000
341400800
243546000
AR Rcy- ikt
341600000
341536000
241538060,
341408000
341587000
343708300
241325000
341429000
I41533080
341600000 |
341600000
241508000
341350000¢C
341392000
3414800850
341358000
311328080
341357000
341386000
341487000
341587000
J41324000
311401000,
311328000
341357000
341592000
341455000
2471500000
241529060
211328000
32007800
473054800

473041000

473052000
473043000
472042000
473019008
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942361000 OFCODE: 0 REY: AR €G> INFUT REST. NETWORK ASST
MODEL: 42090

REFERENCE FED. MANUFACTURER
DESIGHATOR DESCRIPTION cope PART MUMBER
R22 RES MF 110K 124 1/73W 197081 S053J0110K0OF
rR31 RES MF 110K 12 1734 13761 S063JD1IOGKOF
R33 RES MF 2.10K 1% 1/3W 19701 S063JD2K1 00F
242223628 CPCODE: 0 REVY: A CHOPPER MODULE

MODEL: 4200 '

REFEREMNCE FED. MANUFACTURER
DESIGHATOR DESCRIPTION COpE PART NUMBER
a4 PUA CHOFPER DURCID 04901 0©421614Q2A
a42t6102n QPCODE: 0 REY: A= PUA CHOPPER DURGID

MODEL: COMMON

6-2. Replaceable Parts (Continued)

MANUFACTURER

1

REFERENCE FED,

DESIGNATOR DESCRIPTION CORE PART NUMBER

ci=-2 CAP PP O.1TufF 104 t10Q0¥ 27735 PPI1-.1-10-100
ict CG) IC SELECTED QUAD SWUITCH 04901 534223000

P1 TERMINAL .040 Q0 .Z70 LG .B883M 928291 229-1471-230
P2/1=-2/2 CONNECTTAOR PIN ’ 71279 460-13521-02-03-00
R3 RES MF S1.1K 15 1740 19761 SO043EDS1KI10F

R4=-3 RES VAR 23K 10% {.3w 73133 7?2PR2ZTK

RE& RES MF S1,1K X% 174U 19701 SO043EDJ1KIQF

XICH SOCKET IC 14 FPIN 21506 7i4RGID

042350099 OPCORE: 0 REY:

MODEL: 4200

REFERENCE
DESIGNATOR DESCRIPTIGON

(G PWA CALIBRATOR

R3C4D .

cs CAP FT 1000pF 204 SogY
Ji CONMECTOR HOUSING

J2 CONNECTOR TYPE "N"

a* ¢G> CALIERATOR ASSY 42190

FED. MANUFRCTURER

CQ0E PART NUMBER

04301

TUSONX 2499-003-X5S01.02M
27264 22-gt1-2021

24931 235JR109-3

[P A Y

Section VI’
Parts List

BEC .
PART NUMBER

3385434000
338504000
3383310400

BEC
PART HNUMBER

042161 02R

BEC
PART NUMBER

234148000
534223009
s1gp38000
4774000090
341468000
311400000
341468000
473056000

BEC
PART HNUMBER

042227008
22710353490
4734135000
473213000



Section VI
Parts List

042227008
MODEL: 42850

REFERENCE

6-2. Replaceable Parts (Contiqued}

OPCODE: D REVY: CC

DESIGHATCR DESCRIPTION

AR1 IC 301a OP AMP

H CAP CER 470pF 102 Su0v
cz2 CAP MICA 10GpF %% 300¢
c3 CaP EL 10uF 204 2%V
C4 CAP YRR CER 3.5-18pF 250¥
(-] CAP CER 1000pF 10% 600V
c? CAP EL 1QuF 2oz 23v
£3 CAP CER C.01uF 100V
< CAP MICA 3&pF 3w 308V
cig CAP MICR 200pF 3% 100V
cnm CAP MICa 10pF 5% Zgov
cia CAP VAR CER 3.3-18pF ZSoY
CrR1=-2 DICDES HSCHISST {18263
CR3 DIODE MV~-165¢

i1 IC ADSB1JH YOLT REF
LY. INDUCTOR 4.7uH 102
L2 INDUCTOR 0.358uR 102
L3 INDUYCTOR 0.033uH 187
g1 TRANS MPN 2N3904
R1 RES MF 1.50K 1% 1/4u
R2-3 RES MF 100K 1Z 1/4U4
R4 RES vYAaR 1K 102 0,54
R& RES MF 100K 12 1/4W
R7 RES MF 2.43K 12 1/4u
RS-9 RES MF !, 00K 12 tr4u
Rt RES MF 10.8K 12X 1/9¥4
RrR11? RES MF S5.11K 12 1/4W
RiZ RES WMF 1.2tK 12 t/44
Ri3 RES MF 1,30K 1% /74U
K14 RES NF 735.0 OHM 1% 1/44
RIS RES MF 30 OMM 0.1% 1/4H
4223100C OPCODE:

MODEL: 429848

0 REVY: D=

€G> PWA CALIBRATOR

MANUFACTURER
PART MNUMBER

LM301AN

TYPE JF
bHS-FCIO14
SM-235-¥YB-10-M
9373

CE-102
SH=-28-¥B-10-1
BT 25U

‘COSEC3504

CoSFA2M1 Y
COSuWCCio0d
F373
HSCH=-1097
MY155Q
ADSS 1 JH
184/471
10/550
400385800
ZN3904
S843EDIKSOOF
SQ4SEDTOOKOF
3299K-1-102
SO043ED1QOKOF
RH33D=-2431-F
SC43EDIKBOOF
SO43EDIOKQOF
SO43EDIKI10F
S043EDI1K2I0OF
S043EDIKI0OF
SB43ED?SROOF
PMESS-TUO

(G)> PUA POUER SUPPLY

REFERENCE FED.
DESIGNRTOR DESCRIFPTION CODE

At3C2) ¢G> HEAT SINK ASSEMBLY 04901
AR1 IC 339 QUAD COMPRRATOR 27014
c1=-2 CAP EL 22D00uF -10%+50% ISV s73582
c3 CAP EL 4700uF ~10%+50% 16Y¥ 54217
L4 CaP EL 1O0uF 20% 25V 54217
CS-6 CAP EL 100uF 20X 25V $4217
£7 CAP EL T0DDRUF ~T10%+3DX 10V S6289
cs CAF CER 3300pF 10% 300V - 61637
c9 CAP EL 1BQuUF 20% 23¥ 54217
CR1 DIODE BRIDGE KBP-02 15281
CRZ DIODE BRIDGE V¥S-248 &8 200 PIV 27777
CR3I-% DIODE SIG 1ManO . 04713
H{o}! IC 78L0% YOLT REG 07263
Ics IT 4013E DURL FLIP FLOP 02735
F1 HEACER % PIN STRAIGHT 06383
Pa-x CONMECTOR 6 PIMN STRAIGHT POLAR 272564

CONMECTOR 6 PIN STRAIGHT POLAR 27254

MANUFACTURER
PART HNUMBER

042232008
LM33I9N
KSMM-2200-35
SM=25-¥B-100-M
SM-23-VYB-10-M
SM-23-VE-100-M
S13D108MB1GDG4
CO32K3IZT2K I KICA
SM=23-VE-100~-M
Kerpoz

¥YS-243

1N4001
UArBLOIJARWC
CD4013BE
MPSS51355-35-D
22-04-2061
22-04-20&1

,“N—A—A—n_h-—n-—l_l—l;—AN.ﬂ-..N—i-l

BECT

PART HUMBER

S35912000
224219000
205005008
223335000
281011000
224310000
2833360400
224119000
2053603000
205024000
205002000
22814911000
933174000
S3CFE2000
S350353000
4G0384040
400382000
400388000
SZ80F71000
341317000
3413500030
31141400¢C0
341500000
341337040
34130060400
S41400600
341368000
3413080090
341311000
341184300
2z5916048¢0

BEC

PRRT NUMBER

0422329008
J3sSnisgae
28331500
283352000
283338000
283334000
2833290090
2242964800
€83334030
532013000
S32014000
530151000
535842000
S34205000
4773435000
477327000
477327000
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6-2. Replaceable Parts (Continued) Section VI’

Parts List
04222100C OPCODE: 0 REY: D (¢G> PUA POUER SUPPLY
MODEL: 4200
REFERENCE FED. MANUFACTURER BEC
DESIGNATOR DESCRIPTION CODE  PART KRUMBER QTY  PART HNUMBER
R1 RES MF 10.0K 1% tA4W 19701 S043ED10KOOF { 341400000
RZ RES MF 4.99K 1% 1744 157081 S0<43ED4KISOF 1 341367000
R3 RES MF 2.21K 1% 1/4u 197081 S043ED2K210F 1 341333000
R4 RES MF 12.7K 1% 1/4M 197081 SO043ED12K7OF 1 341410000
RS RES VAR SO0 OHM 10X 0.5W 73138 T72PRS00 1 3113050060
RE-2 RES MF 4.99K 1% 1/4u 19701 S043ED4KII0F 3 341387000
RY RES MF 1.00K 1% 1/4u 19701 | %042EDIKOOOF 1 341300000
R13 RES MF 453 OHM 1% 1/49 19701 SO43IED4SIROF 1 3241263000
R11 RES VAR 100 OHM 10X 0.SW 73138 72PR1GO 1 317408000
R12 RES MF 464 OHM 1% 1/44 19707 S043ED464RGF 1 341264800
R13 RES MF 100K 1% t/4W : 19707 S043E0100KOF 1 341300000
R14 RES COMP 330 OHM 5% 14 01121 GE3313 1 3920870090
R1S RES MF S.11K 1% 1744 19701 SO42SDSK110F 1 3413580037
R1S RES MF 2.21K 1% 1744 19701 SO043ED2K210F 1 3413332000
R17 ] RES MF 2.80K 14 1/44 19701 SO043EDZSREOOGF 1 3413243000
R18 RES MF S.11K 1% 1/4u 19701 S043EDSK110F 1 341388000
R19 RES MF S1.1K 1% 1/44W 19701 SO043EDSIKIOF .1 341468000
042232008 QPCODE: O REY: BD  C(G) HEAT SIMK ASSEMELY
MODEL: 42410 :
REFEREMCE , FED. MANUFACTURER BEC
CESISHATOR DESCRIPTIONM CODE  PART MUMBER aTY  PaRT MUMBER
1c2 I1C 78MGUIC YOLT REG POS 072632 UuATENGUIC : 1 35042000
IC3 IC 79MGUIC YOLT REG NEG 47263 uA7IMGYUIC 1 5350430400
1c4 I¢ 78GUIC YOLT REG 07262 uRA?SGUIC 1 535055000
ICS IC ?P9MGUIC YOLT REG HEG 7262 uA?IMGUIC 1 538043000
465289908 QPCODE: B REY: AD CG) SWITCH CaABLE UNIT _ i
MODEL: 4200
REFEREMCE FED. MAMUFACTURER BEC
DESIGHATOR DESCRIPTIO CODE  PART HUMBER - BTY  PART NUMBER
g1 SWITCH ROCKER DPDT - 13812 572-2121-0163-010 1 465286000
0423%6014A DPCBBE: 0 REY: Cx (G REAR PANEL UNIT
MODEL: 4280-518
REFEREMNCE FED. MANUFACTURER BEC .
DESIGNATOR DESCRIPTION COCE  PART HUMBER BTY  PART NUMBER
P? CONMECTOR LINE CORD 82289 EAC209 1 4772810060
52 SWiTCH DUAL SLIDE DPDT-DPDT - 82389 47206LFR 1 4565279000
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Section VI 6-2. Replaceable Parts {Continued)

Parts List

04238501AR OPCODE: 0 REY: B= (G> REAR PAMEL RASSY
MODEL: 4200-S16

REFERENCE FED. MANUFACTURER
DESIGNATOR DESCRIPTION CODE  PART NUMBER
F1 FUSE 0.3 AMP 250V MDL 54426 MDL 0.3

Jig CONNECTOR S CIRCUIT 06383 CEID&EFz4-%5-C
J1s CONNECTOR PIN FEMALE 27264 0206-1231

N3 I CONN CDax BHC 54420 UG-52%/U

T1 TRANSFORMER POWER . 04901 44609100A
042317018 OPCODE: 4 REV: EC - (B} PWAINTERFACE 4200-01AOPT
MODEL: 4200

REFEREMCE FED. MANUFACTURER
DESIGNATOR DESCRIPTION COPE  PaRT NUMBER
c1 CAP TANT 1.0uF 10% 3SY ONLY T6289 196D 10SXFUITHAL
cz2-3 CARP EL 10uF 20% 23Y $4217 SM-25-¥YB-10-M
CR1 DIODE SIG 1NS14 01295 1IN914

J1 : CONNECTOR 24 PIN (GPIB> 3I2TPS  BI2230-1

P2 (G> CONNECTOR S PIN RT ANG MOD 04%01 47Y733300A

R1 RES NETWORK 4.7X 2% 1.5W 811217 316B4vz

st SWITCH SLIDE DIP SPST X 7 75378 206-7-LP
U1 IC EPORM PROG. 322BG 4200-018 04901 S3432200H

uz IC 74LS32 QUAD 2 INPUT OR 01295 SH7T4LS32R

U3 IC 74LS04 HEX INYERTER 01295 SNP4LSO04M

U4 IC 9914aNL IEEE BUS PROCESSOR 01295 TMS9914aNL

us IC 74L5373 OCTAL LATCH 01295 SNF4LS3T3N

ue IC 7?5166 IEEE BUS TRANSCEIYER (01295 SHTPSI60BHN

U7 IC 75161 IEEE BUS TRANSCEIYER 01295 SNTS161BH

6l SGCKET IC 8 PIN : 915086 S08-AGYD

KU SOCKET IC ‘24 PIN 06776 ICH-246-54-G
®U4 SOCKET IC 40 PIN 06776 ICHN~405-54-TG
AUS-7 SOCKET I1C 20 PIN 06776 ICHN-203-S3-G
1422325998 OPCODE: 4 REY: EB  PWA INTERFACE €202-018 OFT
MODEL: 4200

FED. MANUFACTURER
CBDE  PART HUNMEEZR

A COMHECTOR 2 PIN STRAIGHT 27zed.” 22-03~222

& SHUMT 2 CIRCUIT 2TER4  1S-5E-1024

= COMHELTOR 2 PIM STRRIGHT ZTEs4. ZZ-gQI-zoSt

Ci CSP MICA a4Fpf S To0v 24I07  DNE-ECsTOJ
oz CaP TAKT 10uF 102 FEW SE22% ., 153D106KY03IPSS
c3 CAP CER 0,1uf 20% Eov L2222 SRII1SEIGEMAA
ce CaAP EL 30uF 283X 25v £4217 SM-25-vE-10-M
cr-12 CHP CER 0.1uF 20X Sov fazz2 5?215-104NQH
J2 COMHECTOR 24 PIN #GPIED I2S¥S  sSz

P {5y COMMECTAOR 5 PIN RT ANG MOD 04501 33

R RES MF 1,00 18 trau 14574 504:Ea}nnmtr
Rz RES MF 29.5 QHM 1% 1/34 19701 . S04TEDR2ORSOF
RE-g : MF 4,FSH 1% 1444 TF01  SO43EDGKFSOF
RA > HETWORK 4,7K 2 1.8 01121 IiSE4T2

RAZ T HETWORK 22X 2% 1.7u Q1121 4pgEzcs

e O

BEC
PART HNUMBER

543307000
4733354000
479320008
4731234000
44603100R

BEC
PRART MUMBER

283216000
2833364009
5340958409049
473330000
47733300A
345020000
46530087A
534322004
S34188000
S34133000C
34288990
534237000
534288000
S342Z87000
473053000
4730430060
473052000
473085000

28T3TS0R0
e -ﬂ-\ﬁnnn

;41:000TU
F4113FE000
I41555000
IaTgzoenon
45044128
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6-2. Replaceable Parts (Continued) Section VT’

Parts List

34223590R

szt Fp—

[

P

N e sard

I

[P

[Sp—

e

[

0PCOCE: 4 REV: E3  FWA IMTERFACE 4200-018 NPT

MOODEL: 4200
REFERENCE . FED.  MANUFRCTURER EEC
DESIGHATOR DESCRIPTION coo PART HMUMEZR BTY  PART HUMEZER
s1 " SWITCH DIP SPST & CKT PIAND LANB  BT-2-2 1 48529508A
1-2 IC 22055 INTERFACE I43IT1 CP2ICIEA 2 53441100A
us-4 IC T4HDO4 HEX INYERTER 02735 CDT4HGO4E 2 S3442T64A
us IC TTES SUPPLY YOLTASE SUPYR 01295 TLY7OSACPOI29S 1 ST442200A
Us IC T4HOT4 DUAL D TYPE FLO 02735 CDF4KHCTE 1 =3s425829
ur iz zaoe CPU CROS TOSHIS THPZS4GCO0AP 1 S344050CA
us IC EPROM PROG 452RA 4270 - 04901~ 534452000 1 =3Z44m200R
us-13 IC 74HCIZ QUAD 2 INPUT OR u:r:s COT4HCI2E 2 53542501A
IER 127 5564 BHx2 RAMN CHNOS 28 DIP GEHIE TCSEE4PL-1S 1 S34403000
Uiz IC T4HC!I33 DUAL 2~4 U_.“E COT4HCIISE 1 T3422580A
uls IC T4HCZ40 OCTAL BUS 02738 COP4HCZ40E 1 ST4425034
e 1C %3t4aNL IEEE BUS PRGCESSZOR Q1235 TNEET14ANL 1 SZ34288800
usr I3 TS150 IEZSZ BUS TRANSCESIVER Q1295 SHPS160E 1 SE328800
uig IC TE161 IZZZ BUS TRANGCEIWER 01295 GHTEIS1EH 1 S3428To00
Ht-2 SCCKET IS 49 PIM BEFFS  ICH-485-54-TH 2 473052990
HAUT-4 g 1T 14 PIH GETTS ICH-143-83-G 2 4rIgreonn
wus SOCKET IC 2 PIN G5TTE  ICN-D0R3-33-G 1 473021900
21U S5 TIC 14 PIN Qe77YEe  ICH-142-22-GC 1 47Z8tenss
Ruv § T 1C 409 PiN 5775 ICH-408-34-T3 1 &4FIos2900
®ug s T IC 22 PIN . 057786 ICH-288-24-TG 1 4730440800
Hue-10 & T IC 14 PIN 0EFTS  ICH-143-83-G 2 47Ia1E000
BUTT gt T IC 23 PIN 05775  ICN-22E~-34-TG 1 4T3C044009
Huta SOCKET IC 15 PIM 85775 ICH-1E€Z-S3-G 1 4rEgszonn
IR SQCKET 1T 24 PI USTTE  ICH-245-82-G 1 473043080
®U SOCKET I 20 PIH GETTE  ICH-Z0I-33-G 1 473I0ES0C0
RUTS TOCKET IC 40 PIN 88775 ICN-4056-54~-TG - 1 4730520090
RUIT-18 SUCKET IC 2a Pid 95776 1CH-203-33-8 2 4TIUSE009
1 CRYSTAL 3.57934F MHz EDMAR MQCET 1 S4F3IS0ng
99100614C QPCODE: € REY: A%  4209-01B
MODEL: 4200 :
REFERENCE FED.  MANUFACTURER BEC .
DESIGNATOR DESCRIPTION CODE  PART NUMBER QTY  PART NUMBER
ICSAS IC EPROM PROG 450AA 4200 04901 S3445000A 1 534450004
Ic7as 1C EPROM PROG 451AA 4200 94301 534451074 1 S53445100A
042230028 OPCODE: 8 REY: D% ° PWA INPUT-03 OPT
MODEL 14200
REFERENCE . FED, MANUFACTURER BET .
DESIGHATOR DESCRIPTION CODE  PART NUMBER RTY  PART HUMBER

. T S A L S v T -

Same as standard PWA Input P/N 044230028
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Section VI
Parts List

042320N82R 3 RE¥Y: D=

MOOEL: 4200

OPCODE:

REFEREHNCE
DESIGHATOR DESCRIFPTION

6-2. Replaceable Parts (Continued)

REAR INPUT 4200-04 OPT

- R e . i o o kB e e AB S o S ] T e o o i i e e

{4012 CAP AND CHAIN

(402> CagLE CLIP 178"

(4030 CABLE CLAMP 1/4".

{404) SCREX 4-40 X 174 BH S3 SEMS
(405) HUT HEX S/8-27 X 3732 X 3/4 ..
{4057 WASHER LOCK S5/8 INT :
497> {G)> CONNECTOR ASSY FEMALE
(4882 PLATE CONH UNIT

{40392 PLUG BUTTON 575"

<4105 CABLE INPUT

{4112 SHIELD

99100624C OPCGDE: 0 REY: B=

MCDEL: 42090

REFEREMNCE
DESIGNATOR DESCRIPTION

iCBR3 IC EPROH FPROU S2TAR %200

IC7AS IC EFROM PROG 4288A 4200
ysa23 IC EPROM PROG 429G&A 42800

U14A23 Ic 82054 TIMER

6-10

FED. MANUFATTURER

CODE PART MUMBER

g2680 8U-TI-CCCY

05915 MUEC-2

BEFIS  HUC-4

02666 41-15

¥e189 1228-02

24901 09214101C

p43d7  TF2UBBE00R

33350 654

94901 ISTV1157000

04901 &12113906C
4200-018-06 OPT Co.

FED. MANUFACTURER

CODE PART NUMBER

043071 S3822708A

04901 S3442800A

243901 S3442900A

34371 CPB2CS4

[ P G (P R R e Y Y

Py

b ek ok

EEC
PRART HUMBER

477155000
€14a093000
g101000Q00
g1i1g002000
v4SZT0000
§430220C0
092141010
T29S5500R

8ECT
PART NUMBER

T34427200R
534428004
334429004
53441000R
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SECTION VYII
SCHEMATIC DIAGRAMS

Schematic Diagrams

7-1 Muain Frame Al. Schematic Diagram .. .. .. ... ... .. .. .. .. ..
7-2 Display Board A2, Schematic Diagram . ... ... ... ... .. . ... ..
7-3 Power Reference Board A3. Schemuatic Diagram .. .. ..o o
7-4 Chopper Board A4, Schematic Diagram . ... ... ... ... .. ... ... .
7-5 Controi Board A5, Schematic Diagram (Sheet Lot 2y ... .. ... .
7-5 Control Board AS. Schematic Diagram (Sheet 2 0f2) ... .. .. .. ... ..
7-6 Input Module Board A6. Schematic Diagram (Sheet [ of 2y . ... .-, .. .
7-6 Input Module Bourd A6, Schematic Dingram (Sheet 20720 . oL .. .. ... ...
7-7 Power Suppiy Board A7, Schematic Diagram . .. ... oL
7-8 Options. Schematic Diagram

Section VI
Schematic Diagrams

7-1/7-2
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Al MAIN FRAME

GRY

BLK

3]

['vorTssio%]100/120{220/240] 50-40C0Hz
{ FUSE | ©.3A [ 0.2a | 24vA

—

{ 100/220

BLK/WHT

GRY/ WHT

T!

L]
=]
BLX/WHT »

1007120

¢

NOTES:

1. [[__] pENCTES EXTERNAL MARKINGS.

E831271B

BLK/RED

W0 JIo(O ATPIUO)

RED/WHT

RED/BLX

GRN/WHT

AT
POWER
SUPPLY
£C.B

AZPR(26} A3WIS JI(26)

AT PS5 (12) . WIZJIZ{IZ) WIZ  WI2JITUT), A2 PLUT) az
,; — & 4 DISPLAY
P.C.B
o
o
gt
b
L4
Py
TC 4G -
AT PR, (28] _, W20J25(25) W20 W2OUB0(5C) INPUT PCE ON a
7 7 QPTIONS MAIN -
FRAME SCHEMATIC =
=
£
AT PIQ,(29), \W2I J29{29) W21 W21 J31(3)) o a2z ~
5 77 N INTERFACE PCB E
=
il
=
a
~
EF
v
"
o
hafll B
R
o
-
<
AT PE{I3) WwISJ3(3) Wi3 WI3us(8) A5 F2{B}
i z
3 2 W 3 A_5
AT P4, (18} | WISJI4(I4) W14 WIAJIS (191, AS P4(I9) co;‘égo'-
’s A ) -
=
~io
==
-8
w
L4
~
-
N
o
o
N
®
=
AT PE(IS) __ wISJIS(15) WIS WISJ20(20)
~ —< [REcoADER o
: To =
| REAR -
PANEL 2
I
o
5
@
=
"
o
Nlo
=
E kl
w
o
ATPTUIE) _ WIBJIS(I6} WIS  WISJZi(2()  AB P2{2I) A&
e b2 2 INPUT
3 B P.C.B

LI IR B A )

" P8 9 e & &8 88 4 s ph ad B S S sa 8P B2 e
-
AZJ2 .
N -
53 ! 0 o .
~ISV CALIBRATOR | FRONT |per| .
P.C.B 1 PANEL .
-
.
NOT USED IN 2200 .
s+ s s s s s asEss BB estesate B B
~
.
l‘!'\
Lt ————
i E
[
I §i“25 i
: h:;ﬁg, i
BE2=2z !
| EGg=F=8
L&, wo !
I s, ==2w" |
wE =2
I 22435s
 2EESLE !
| p23E5
| l—”c._°=; 1
| Gzludiay,
| =W T2m= )
oo a3l
| €352 2
|$E»54532I
1532FERFD =
* | = T
L_q._"T_J
S T—4i-2a DETECTOR
a--7 CABLE

s

A% Jl A4 Pl

A4
CHOPPER
P.C.B

B

Figure 7-1

Section ¥II
Schematic Diegrams

Main Frame Al, Schematic Diagram
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Section VII
Schematic Diagrams

A2 DISPLAY PC.BOARD
REC
aut ISV GND +5V P2{26}
R4
PICLT] ~ -
. 2,09 Akt [+ T:, e I-, % T
= oAN
ﬂ " 15v
1§ B3 jmd )
15 287K ®—_L o 4 5 A N
2 o _|eta ee comp 8 comid . 1c9 camil, 1o coui 1311
- N a < =i ARie UM A Ll ] Y 2082-7653 ! 50827653 so8z -1653
Fx=Ta - = “asv | v OBZ-TEST  couiad ° S082-7R53 L mlid ° 4 a onall,
T+ ¥ a -
555:[:: @ E E - oo - . d f 2o bt 4 ¢ f o c a at dp b c d s f g dn 9 COM COM
- _ = 3] B[ 7j 2] 11} @ 1310] B[ 71 21 1] 9 I3 ef ap 7] 2| 1| 9 t5) 10 Bf 7| 2) 1Y} 9 up 3 4
] OO 1 #, ‘ ¥ -
%4 g
vE INER! g 12 12 5 |
4 H Jizz GHD -
= 11711 [ [ 18 _[_ 11 R s 4
m E Lim g AN e -, MM7ICABN . = .
= 4 .
. @, | iR I
= o =] ™ 8 B d o] 898-3RI00
HOO) , L 2te : : :
E B e o, i m : |
[l 5. RB INPUT Lamp FH2 L L
a !-'T‘"E \ J ’ vee TEsT wsv 8 L :
£ GEE )
e . { EGK
e ~- ~ -
—
gl . e . @ 3 : v
= --..[ 15 &.7%
\_ A Al fg -5
3
&P —— So o1 t
ﬁ g[ o2 Y ) ul 2Nscea 18 7
—— [ 5
i E E:] S0 0], B iz 12 3 2], ‘55 0T
17
i3 o --.-.._l L L A sa%. ! " 2 e 4 £ Minz ouT 3
) +5v 15 0 7 ]
2 Ren 1B 3] w3y €T gur
- €8 r - - - H cpadsise |5 = . ol oseaesa®T AT
Ry 2 3 com 183 IN4 ouT:
— D... D... 7 E .
= | & H i E gy g Voo ' ald 5 | BSE-FRATK [ B nlus surT s R
g | . A b h_ Rpyi2 LI P 1 3 Blinve ouTs 12
2 16 1 15 '
Ry tiais || caL || o E: vz 6 s 2 N7 ourer
R gLt f_JﬂB lem Vss 72 e ouTelit
4 FwRl | ETel) [ | EE + Voo -
- - - . -
z = & NeTE: 7 T 1C3g 9
A I. 55 USED ON 4200 SERIES ONLY. st it EDad4sat qu =
CRW© B E
EERED a '
- .
2 T
s iR } ie5c
o ar3 o7 = s
is = b=
LT,
. "'r /f 1 . 185e ) M
~.- 514l 58 seel 525 u:oqg
e - S ———
. : . . . ——
E‘ﬁ . €30 M50 Lso Iy
5 FIGT) - . 2 3 ,
i% FrTTY T -
e - - dd 2 dad [ e B
ety | *3¥ s
P H 1c3t, Jitzz) PHUT) P2(26)

@@ Dg E] 1 Ld CONNECTS To CONNEETS TO CONNECTS TO - E/ /G
™ '] =3 o Jut} v 3 a AIWITPIZ (22 AIWIZJITUTY A3 WIS J1625) —
b £ E £ E 1 ON FRAME SCHEWATIC ON FRAME SCHEMATIC ON FRAME SCHEMATIC (Al s + E 2 v
i‘! p2i26) —1 1 831271 . 831271 s31271 \ 5P 4
-, I. CAPACITANCE VALUES IN uF UNLESS QTHERWISE SPECIFIED, P *

b 2. RESISTANCE VA LUE IN OHMS UNLESS OTHERWISE SPECIFIED. -
. 3, 4L LEG'S TO BE TYPE HLMP=130i UNLESS OYHERWISZ: SPECIFIED, - -
i C831275A X 4. ] EXTERNAL MARKINGS.
ia - s w ' -
ig s. * USED ON 9200 SERIES ONLY. >
33 ‘e
B 6. LAST NUMBERS USED:
REB CRIF SR6 |C1) ’
7.8 USED ON 4200 SERIES ONLY, R
n - )
E8312718B

Figure 7-2 Disp]a},"Board A2, Schematic Diagram
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Section VII
Schematic Diagrams

]

7
5
i
H
F

3

S
i ————
I — R - ~
f A3 CALIBRATOR F.C.BD. bl
cr2 (o3}
| lggx >V HSCH -100] e . RIS L3 | 2
| [ z 7 50 0.033 xH |
. - [ [ = . v _L ™ ‘ I | -; < [Power
- e L1 Le cio REF
= I 4.7xH 0.56uH T 200 !
2 [} = ‘ o :
| 1 . !
i 83 Ql i ¢l l/ma l
[ 100K 2N3804 I 10 3.5-18 |
| L -~ = = |
e - -4y .
i | ||
id l _RIL RI3 355 | I'
- O 5.11K 13K |
3 N, L1l 5 i J—
i @E 3 ol fere : ] S RIO 88 I
< <SR < l ¥ tk-r00 1" T |
e r~ Gt ~ @ {Lr} = [ . = = |
is = &/ s o | |
: L3 —
o ﬁ @. A ‘ 2 | 3 Ict |
an] ~ a-
i £ — @ 1 ;e; o X } ] I AD5BIH o7 } :
VoA G " R4 ] RI R4 R7 RI2 108
2R EEE I 1500 ¥ 2.43K —tov | 1.2K Zfl‘i I
=y TTT 170 ] L o " 1 |
i | I " = {
L : l
BB831274A e e L T — —_———— _[
Y T o E_cr:;soo I
5 | )
NOTES:
- I.  CAPACITANCE VALUES IN pF, UNLESS ORN pzs) -
? OTHERWISE SPECIFIED. ' J1(28) EROUAAR
il . : 2. RESISTANCE VALUES IN OHMS. ) -15V ON FRAME SCHEMATIC
- X h 3. [ ] EXTERNAL MARKINGS. SHT L OR T
. 4+
4. LAST NUMBERS USED: ’
giz  Ri5
5. NUMBERS NOT USED:
: , : . RS
. .
i’
_.’:d -
' D831271A

Figure 7-3 Power Reference Board A3.
Schematic Diagram
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. ‘ ' : | ’ Section VII
Schematic Diagrams

- -
3 -
i2
i
A4 CHOPPER P.C. BD. o1
i |
g > TO AMP
: — e R7 2 ™= 0.22 pF P
R = . SEE NOTE 3 2oM CONNECTS TO
- : AGJL
P ON FRAME SCHEMATIC
i 831271
NOTE 8 SHT.10F T
p2-t ’ g
RED - . AG Jl
- e 1 N ON GFTION FRAME
2 E SCHEMATIC
831093
RS AND
20M : :
SEE NOTEI @ 13 <] 7 2. ON FRAME SCHEMATIC
s e o s ine ) ICla — y . lcte X 7 —5Y 831170
e CRI L ) SHT. 1 OF 3
eiN52328 A e 7:gl| . ‘ o :
— - - L ] [ 3 L ] L ] - & -1E
-n
2 )
I RS ! 3
L
pa_2 Re[ @ 7 TO AMP
= Pl ) 2R3
g P -EE_. pil R4 o 2 sLIK
P2-i —3 3 e LT ! 4
4 TRT| ¢ - . ¢ .
& A \ < 1 > M1
: = - 286
— - ¢l — "N-SEENOTE 2 , § oIk s
i : : ' ‘ > > M2
5 8310456 : ’ 3 10 ;
a & & @ L 4 .
. - - CR2 L/ - 4 [+
™ NOTE siN52325 A & 0.1 xF .
i i, CRI AND CRZ USED ON 92E-S3 ONLY. o e o o loe 5 12 14 5
: ICib L b 1cid > +5 Y

2. R7 AND RS USED.WITH 4210-TE AND
4210-8BE ONLY.

o

—a .-
L B8310454 wHT | : §
= . : -\ o —% -
. p2-2 -
_:_‘g
H
NOTES: - . 4
3 I. RESISTANGE VALUES IN OHMS. 5. LAST NBUMBEHS USED: . -
I 2. ER SELECTED VALUE. K . .
G .l T .
- 3. CAPACITANCE 1S PART OF P.C. BD. CIRCUITRY, 6. NUM%IERRSENOT USED: SCHEMATIC,CHOPPER RC.BD.
4. [ EXTERNAL MARKING. .« o @ D831271D SHT.4 QF 7
n s * USED ON 92E-55 ONLY. :
;- * 5 o @
-
= D831271D 8 RES RT,RB USED ONLY WITH 4210-7E
AND 4210-8E SENSORS,
|
" . e
i Figure 7-4 Chopper Board A4. Schematic Diagram
L
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Figure 7-5 Control Board A3,

Schematic Diagram (Sheet 1 of 2)
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APPENDIX A
OPTION 4200-01A

APPENDIX A
IEEE~488 BUS |NTERFACE
OPTION 4200-01A

A-1, DESCRIPTICN,

A=2, The |EEE-488 (GPIB) bus Interface
opticn permits externzl control of the
Instrument and data capture by a wide variety
of compatibie controllers. The Iastrument
may be cperated wlth other GPIiB-compatible
davices to achleve specific test automation
goals, with no speciallzed contrel interface
requirements for proper electrical operaticn,

A=3, Although no standard GPIB interface
data formats have vet been established, cer-
+aln common practices are achleving de~facte
standard status, Thess practices have been
adhered o In the deslign of the 4200-ClA
option intarface formats and delimiters,
thereby assuring the user of format com-
patibllity with almest all controllers.
A=4, CAPABILITY,
A=5, Certain subsets of full GPIB functions
are specifled in the |EEE-488 1978 Standard.
The Model 4200-01A opTl!on Includes the
foliowing capabliities:
SH1 SOURCE HANDSHAKE complete capabiilty
AH1 ACCEPTOR HANDSHAKE complete capabil ity
T6 BASIC TALKER, SERIAL POLL,

UNADDRESS 1IF MLA.

NQ TALKER ONLY capabllity
TEG  NO EXTENDED TALKER capabillty

L4 BASIC LISTENER, UNADDRESS {F MTA,
NO LISTENER ONLY capabillty

LED  NO EXTENDED LISTENER capability
SR SERVICE REQUEST cazpabl!ilty

RL1 REMOTE=-LOCAL capabllity,
LOCAL LOCKOUT capability

PPO- NO PARALLEL POLL capablil!ity
DCO  NO DEVICE CLEAR capablility
DT1  DEVICE TRIGGER capabl!lity
co NQ CONTROLLER capabllity

MLA
MTA

My Llsten Address
My Talk Address

A=Be INSTALLATION,

A-7. Optlon 4200-01A consists of Interface
board A23. Eleetrical [nterconnectlons are
shewn in Figure 7-8, To instail the Inter-
face board, proceed as follows:

a. Turn off power to the Instrument,
b. Remove the scraws that securs the ftop

cover of the Instrument and slide The top
cover back and off,

¢e. CuT the cable tie In the instrument that
hoids the exira powar plug {the plug with two
blue wires and one biack wire),

d. Remove the six screws that fasten the
control board and replace them with the slix
mounting posts supplled with the ~(18 package.

@, Position the interface board In the-
Instrument so that the mounting holes In the
Interface board |ine up with the mounting
posts In the Instrument, Attach the inter-
face board to fthe mounting posts with six
4-40 screws and |ockwashers suppllied with the

ﬂrnjgrfaca board,

f. ‘Connect the 40 pin rlibbon connector to
the front edge connector of the Interface
board,

g« ©Connect the power piug In the instrument
to the 4-pin brown connsctor on the Inferface
board,

A-3, OPERATION,

A-9, Address Assignment, Before using the

"Instrument In the GPIB, 1t must be assigned a

unligque address, This address js set using
the five right-most sectlons of rear-panel
address switch $1 in accordance with Table
A=1a

A=-10, Message Terminator, Positions 6 and 7
of the rear-panel switch S permit a choice
of message terminators, as shown In Table
A-2.

A=11, Command Response. In addifion to Talk
and Llsten Address commands, the instrument
respends to the following:

a, Address Commands (Response 1f Listen
Addressed), '

Mnemon ¢ Name Fungtion
&TL 8o To Local Enables panel
. centrol
GET Group Exscute Trigger a
Trigger measuremsant
b. . Listen Address Group,
- Mnemcnic Nams Funeticn
UNL Unllsten De-address as
J | istener
¢, Talk Address Group.
Mnemonic Name Functlcon

UNT Untalk De-address as

taiker
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TABLE A=Z,
MESSAGE~TERMINATOR SELECTION
Switch
Message
7 6 Tarminator
0 0 EQI
0 1 cr*
i 0 LF*
1 1 CR LF*
*With or without EOI
Xe11;  (Continued),
d. Unenceded Commands,
Mnemonic Name Function
IFC interface Initlalize
Clear Interface
REN Remote Parmits remote
Enable operation
A-12. Operating States. The instrument

operates In Two separate states, whether in
local or remote control, Cne state Is the
measurement state, during which the Instru-
mant performs and displays measurements; the
other state s the data entry/recall state,
which Is operative during number entry or
after recal| of stored Information. When
oparating on the bus, 1T Is Important to
remember that the Instrument can send only
+hat Information which appears én the front
pangl display, When the instrument s in the
store or recall mede, tThe LED display and
annuncliators blink on and off to Indicate
that The dispiayed vaiue is noT a measured
value,

a. Measurement Mode Functions, The
following functions change the measurement
mode of the Instrument:

Keyname GPIB Function
PWR MODE P Displays measured voltage
dB MCDE B Displays measured ¢SmV

b, Command Functions,
command funciions,

Table A-3 describes

Keynamse GP|B Function

TABLE A=1, ADDRESS ASSIGNMENT
*Decimal Talk Listen Switch Setting
Address Code Code 5 4 3 2 1
0 [ SP- G 0 0 0 O
i A ! 0 00 0 1
2 8 " 00 C 10
3 c # 0 0 0 11
4 0 $ 0 ¢ 1 00
5 E z 0 ¢ 1 0 1
6 F .3 0 01 1 0
7 G ' 0 0 1 1 1
8 H { 01 0 0 0
9 ! ) 0 1t 0o 0 1
10 d * 0t 01 0
i1 K + g 1 0 1 1
12 L » gt 1 0 0
13 M - ot 1 01
14 M . o 1 1 1 @
15 N / o 1t 1 11
16 ¢ ¢ 10 0 0 0
17 P 1 10001
18 Q 2 1 0 0 1 0
i9 R 3 T 6 0 i
20 5 4 1 0 1 0 0
21 T 5 T 01 01
22 U & P01 1 ¢
23 v 7 it 01 11
24 X 8 it 0 00
25 Y 9 i1 0 01
27 { H 11 0 11
28 ~ < T 1 1 00
29 ] = 1T 1 1 01
30 A > 1 1.1 10

*Address 31 (111113 will not be
recognized and should not be used,

dB CAL FAC Ca! Factor Constant, in dB

]
RANGE AUTO A Sets autorange mode
0

RANGE HOLD Sets range hold mods

GHz F Interpolates Freq/Cal

Factor Table
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TABLE A-3. COMMAND FUNCTIONS

mmand Arm

Disarm

DescripTion

0Q

ov

Hold command: +the last reading, or the last
keyboard entry, will remain on the display.
The ITnstrument will continue to read probe In-
put, but will not update the dlsplay. The
Instrument cycle time will be greatly reducad
pecause of the measurement-cycle overhead +hat
Is not executed during the hold command,

Service request command: the service request
will be issued by the Instrument upon comple—
tion of a measurement,

Raw-data command: the Instrument will not
average or smcoth any of the measurements,

Limit command: +the Instrument wili jssue a
service request If any |imit Ts exceeded, If
a limit Is exceeded and a service request is
issued, the U command must be rearmed to he-
come cperational again,

T “Trigger command: +this command, identiczl w!th
+he 1EEE-488 group execute trigger, inlfliates
a measurement cycle,

INTERFACE CLEAR and DEYICE disarm all the above commands,

A-12, ({(Continued).

c, Service Request Status Codes, Servica
request status is dafined by a flve=bit code,
as daflined in Table A-4,

TABLE A-4. SERYICE REQUEST STATUS
43 ngl Q Meaning
X X X 0 1] CH1 low 1imit exceeding
X X X 1 0| Ch1high IImi+ exceeding
X 0 1 X X[ Ch 2 low 1imit exceeding
X 1 0 X X| Ch 2 high I'imlt exceeding

d. Data Entry/Recall Functleons, These func-
Tlons enable entry or retrieval of numeric
constanis used by the Tnstrument, Operation
raverts to the measuring state after data
storage.

Keyname GPIB Funetion

LIMITS L Low {iml¥+ value in dB

dB8 LO

LIMITS H High Iimit value Tn dB

dB HI

SELECT N Setects channel number
CHNL

dB REF R d8 reference level for dB8
LEVEL d& modeas

SENS 3 Selects Sensor Data Tables

e

8. Speclal FuncTiEns. Special functions

Tnclude the autcmatic zerolng and clear funec-
Tions. .

Keyname GPIB  Funegtlon

ZERQ z Initlate an automatic

zeroing cycle

CLR c Clear numerlc entry
to zero
CAL K Parforms t mW Auto

Callibraticn
f. . |EEE-488 Bus Command Extensions., The
following functlions are added to bus opera-
Tion: -

Name GPIB Funetion

ADR,ZERO Y Zero selected

ranges (0=7)

Set to salected
range (0=7)

SET RANGE G

These commands musT be preceded by an
appropriate argument, The.argument for Y is
the span of ranges to be zerced; for example:
26Y speclifies zerolng of ranges 2 through 6.
If onlty one range Is to be zerced, the argu-
ment must hHegin and end wlth the same code
(0.9., 11Y to zero enly range 1), The argu-
ment for G 1s the range number {0 = 10 nW to
6 = 10 nW for 4200-4 sensors) to be set. From
exacutlon of the Y command +o measurement
mode, *he maximum time is as fol lows:
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A=12, {Continued),

Command Time Command Time
00Y 2.3 seconds 04Y 3,8 seconds
01Y 2,9 seconds 05Y 4,0 seconds
02Y 3.3 seconds 06Y 4.3 seconds
03y 3,5 seconds

The "Y" command allows no walt time for a
sensor to reach a stable zero before actual
offset storage occurs,

NOTE

The G command sets the 4200 to an Internal
range which may not correspeond to the range
code output In the data string 1n Paragraph
B-21, The table below relates Tnternal and
apparent range codes:

LEVEL INTERNAL APPARENT
+10 d8 10 mW - -

&
+5 ¢8 3,98 mW - ,
0 dB 1 mwW § -

5
-10 ¢8 100 uM -5 -
-11 ¢B 79.4 UW -

4
~-20 ¢B 10 pw -4 -
-21 d8 7.94 uW =

3
-30d3 1 uw -3
-32 d¢B 631 nW -

2
-40 d8 100 nW -2 - -
-42 d8 63.1 nW = -

1
=50 ¢8 - 10 nW - 10
-52 dB 6.51 nW = +
=50 dB 1 nW 0 -

- +

For t+he series 4 and 5 sensors add 10 dB to
the Internal and apparent levels,

For the series 6 sensor add 20 d8 to the
internal and apparent levels,

g. Bus Avallabllilty, When the Mcedael 4200

is sent 2 string, It does not normailly tle up
+he bus whlle responding to the string; other
bus communications are pessible during the
Intervai., Tha 4200 can Inform the
controller when It s finished by use of the
Service Request see paragrpah B-12d, 1f thils
is desired,

The Mode! 4200 canr, however, be made to |ock
up the bus whlle i+ is responding to a string
-« §f such action 1Is deslired - by sending it
two strings in succession {even |f the second
string Is only a Null command),

Exampie: A “zerc" command: wrt 716,"ZI"
Followad by a "talk" command: red 716,A,8,C

Amd

A-13, TIME RESPONSE CHART.

Refer +o Tables 1=-3 for the Mcdel 4200 senscor
measurement through +he 1EEE-488 Bus,

A-14, REMOTE PROGRAMMING,
NOTE

|t is assumed that the user Js acquainted
with GPIB principles and terminolegy., Refer
to tha controller [astruction manual for the
syntax needed to g¢reate speciflc bus gommands
and addressing sequences, All examples given
apply to the HP 9825 calculator.

A-15, Bus Programming Syntax., The bus
programming syntax mlrrors the front-panel
keystroke sequence closely, Each key has
been assigned an alphanumerlc character and
sending that character 1s equivalent to
pressing that front-panel key. The resulting
operation 1s indistingulshable from jocal
control, MNumerical values are translated by
+he GPIB Interface so that commonly observed
formats may be used. Flixed formats and
floating point formats may both be usad,.
These reoresentatlions are converted to their
equivalent fixed polnt values and the sign
information Is post=fixed automatically,
thareby ensuring that natural notations for
numbers will be accepted by the Instrument,

A=16, Suppose that It is desired to set the
instrument +o The PWR mode. The HP 9825
caleulator could be programmed:

wrt 716, mpPn

The "wri" Instructs the calculator to send
data on The bus To one or more |jsteners,

The number following 1s the address Infor-
mation; 7 Is the calculator address and 16 Is
the Instrument address, (21l examples In
this appendix will use 16 as the lnstrument
address, although any valld address can be
assigned To the instrument.) Whéen The caicu-
{ator nterpreats the first part of the line,
it will assart the ATN |ine to signify that
commands or addresses wlil be sent on the
bus. Following that, It wlil send three .
bytes or characters: Unllisten, the caicula-
tor Talk Address and +he Trstrument Listen
Address, This Information will configure
beth +the calculator and the Instrument for
+he data transfer, After the last command
byte has been accepted, ATN wlll be released
+o the faise state by the caiculator, All
information on the bus is Interpreted as

data in this mode, While In the data mode,
the calculator wlill sand the character "P¥ to
the Instrument, At the Instrument, this will
be Tnterpreted as squivalent to pressing the
MODE PWR key and that functlon will be exe-
cuted, Because there [s no more data +o be
sent, the calculater willl sand a celimiter
{the preselected ASCi| code for the ter-
minatlon character). The [nstrument recogni-
zes the termination character as an
end-of-message slignal and returns to +he bus
idle condition,
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A=17. The preceding dlscussion of the
sending of a single programming byte saerves
+o 1llustrate two Important peints: every
data transfer |s preceded by a
command/address preamble and each transfer Is
termlnated by a termination character. In
+he praeceding exampla, slix characters wersa
sant on the bus; only one was a programming
byte.

A-18, The measurement mode functiens (P, B,
A, 0) and the speclal functlons (Z, K) do not
expect any numeric value., These functlons
all execute as received., For example: +the
following wiil program dB and autorange mode:

wrt 718, "BAW
or
wrt 716, mAge

Note that the sequence s unlimportant, except
that sach function axecutes in the order 1T
is recelved on the bus,

A=-19, Suppose that the Instrument s to be
zeroed automatically, and then asked fo send
the reading In the PWR and RANGE AUTG mode,
The HP 982% calculator could be Instructed as
follows: :

wrt 716, MAPZIM
red 716, ¥, S

The automatlic zerolng cycle time s approxi-
mataly 10 to 22 seconds, depend-ing on range.
Until zeroing |{s com=-pleted, the Instrument
will ke unable to respond with new data., The
first line of the preceding Tnstructlions sefs
the operating mode and inltiates the zeroling
cycle, The last |lna reads the response from
the Instrument. The Instrument resoonse gon-
sists of two numeric values: the first vaius
Is the front panel reading and the second is
a status value (normally zere), These two
numbers will be stored Tn the calculator
variables {storags locatlons) ¥ and 5. Note
that each data transmisslen from fthe Instru-
ment consists of two values, When the status
value 1s non=zZero, indicating an errer con=-
dition, the data value will be set to zeroc,
The program will normally +est the status
value to assure valld operating conditions,

A=-20, Store/Recal! Functlons Syntax, The
general syntax for store/recall functions is
the same as *the front panel sequence; If a
numerlc vaiue !mmediately precedes the func-
tien, that value wili be stored; otherwise,
the existing stered vaiue will be recaltled to
the front panel, These functions (L, H, D,
F, 8§, N, R, J, U, ¥} thus operate In a dual
mode, When the instrument Is In the store or
racall mode the display will blink +o Indi=-
cate fthat the Instrument 1s not In the
measurement mode, The Instrument is returned
to the measurement mode by sending any of the
following: P, B8, A, C, T, 1J, 0J, 19, 0Q,
1¥, OV, 1U or QU,

A=21, Suppose that 1t Is deslred to store
the current power levei In dBm Into the dBm
roference so that all future readings wil) be
referenced to the current valua, Al lowance
must be made for the possibillity that the
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current value is a d8 relative value, To do
+his, the current dB value must be read, the
existing dB reference must be recailed, the
+rue dBm value must be computed and this
value mustT be stored into dB8 reference, The
calculator could be lnstructed as follows:

red 716, ¥, S
wrt 716, "R
red 716, X, §
V+X+Y

wrt 716, Y, "Rt

Note *that R Is used twice in the program, the
first +ime to obtaln the exlsting valus for
the dB reference and the second time to store
the computed value, Also, note that the two
read statements (red} sach fetch a different
value, the first value Is the power vaiue In
d8 and +the sscond !s ths dB refsrencs,

A=-22. OQuiput Data Format, The data
output of the Instrument consists of two
numarlc values. The first iIs the
numeric data in +he display and the
second Is the status Information, The
normal| data output will have the
following format:

abesddddEsd, §, R (to)
Where: .
ab = mode {(pawer In mllliwatis = PW;
d8 = DM; d8r = DR)
¢ =channel (A= 1; B=2;C=23
s = slan (+ or =)

dddd = data (four digits, each dligi+t
0=9)

Esd = exponent, slign, digit
, = data delImiter

$ = status dlgi+t:
0_

= no error
1 = entry too small
2 = entry too large
3 = measurement under range
4 = measurement over range
5 = zero acquisition out of

range = excessive positive
offset

6 = zoro acqulsition out of
range - excessive positive
offsat

7 = channel 3 over/under range

R = Rangs Code, codéd per Table A-4

te

termination character

A=23, Hold Indication Functlion Syntax, The
Holid Iindicatlion functlon, when enabled (1Q),
automatically does 2 measursment gycle
fotlowing Its receipt and then holds the
indication until recelpt of a T, 0G or
another 1Q command, |+ ls Intended primarily
for use with the Trigger or Group Executs
Trigger commands. Foliowing 1+s receipt, the.
Instrument ¢ontinues to measurs but does not
update the display. This can be use=ful
whara response Time Ts Important since
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TABLE A~-4, RANGE CODES FOR YARIQUS SENSORS

Ranga Sensor Type
Code 4200-4E 4200=5E 4200=-6E 4200=7E 4200-8E

0  <-50 dBn  <-40 dBm  <-30 dBn  <-20 dBm  <-10 cBn

1 £~40 dBm %=30 dBm £=20 dBm =10 dBm < 0 dBm

2 <-30 dBm <=20 dBm <-10 dBm < 0 dBm

3 =20 d8n <-10 dBm < 0 dBm %+10 dBm

4 <=10 dBm < 0 dBm <+10 dBm

5 < 0 dBm <+10 dBm <+20 dBm

& <+10 d8m S+20 dBm S+30 dBm ;

A=23, (Continued), the program will loop on insertion less/gain

display=update time Is eliminated until
called for with 2 Trigger (T) command;

another 1Q command wlil also update the
display and maintaln the hoid indication
functicon: a 0Q command will update the

display and negate the hold indigcation funcg-
Tion,

A=24, SRQ Functlion Syntax. The control-ier
can command the fnstrument to pull the SRQ

| ine true aftaer each measurement., The syntax
for this command is 1V; To command the
Instrumant not t¢ pull the SRQ |ine true
atter each measurement the syntax Is QV,

A-25, Measurement Trigger Syntax, The
Trigger (T) command is an addressed command
{wrt T16,"T"), used to trigger a measurement,
and is generally used in conjunction with the
Hold indicaticn funetion (Q), (Refer To
paragraph B-23,) The Instrument Is aziso
responsive to the unaddressed Group Execute
Trigger (GET) command, This command Is
asynchroncus and may rasult in a slightly
faster response +ime than the T command,
which 1s executed cnly once each measurement
cycle,

A=26. Limit Service Request. Thls command,
when enabled, will result In a service
requesT by the Instrument when either dB
limiT (high or low)} of elther channel
{channel 1 or channel 2) is excseded, The
[imlt exceeded and the channel can be deter-
mined from the service request byte as shown
below:

NOTE

git 6, when set, Is the service request,

Bit Limit Exceeded
T6543210
X1 XXXX01 Channel 1 low 1Imit
X1 X XXX10 Channel 1 high |Imit
X1 XX01XX Channel 2 low {Imit
X1 XX10XX Channet 2 high [imIt
A=27. Typicai App!lication, Suppose that [+

1s desired to measure Insertion loss or galn
wlth an Instrument equipped with option
4200-~03, channel 2 measures incident powsr
and channel 1 measures output power, The
program, shown below, will request reference
conditlons and walt for the user to set +them
Upe
A-6

Following establ ishment of the reference,

measurements, Each measurement Is triggered
by the user, Zercing ls prompted in the
local mode at the beginning of the program,
ReadIng errors, shouid they occur, wiil be
signzllied by a double beep from the calcula-
tor; normal measurements will glve a single
beep. There will be one print |lins per
measurement, The reference vaiue is noT
printad In this example,

Program Yariable Usage:

P: = power measurement value

R:

range vafus

I

S: status value

Z: = dummy Input for prompts

Program Staiements Comments

0: cll 7 /cltear Interface

i: ent "“zero chi, /prompT for zeroing
n,Z

2: rem 7 Jfenable remote

3: wrt 716, /0 dBref, auto - sat

TINAORZ2NACRINT c¢h 3

4: . ent 'ref
measuret,Z

/prompt to set up
ref

5: red 716,P,5,R /read ref vaiue, status
6: If $»0;dsp

tarror",S;
beep; gto 4

/test status

7: wrt 716,"INY,
P, "R3NM

/set ch 1 dBref = P

8: besp;ent
"measure",Z

/prompt for msasurement

9: red 716,P,5,R /read measuﬁemen?, status

10: 1f S$»>0; dsp /test status
"error',S;
beep;wait 100;
gto 8

113 prt P,"dB"; /print measurement
gto 8

12: and
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A-28, The program In paragraph A-25 also
measuras reof lection coefficlent 1f channel

measures reflected

mezsures lncldent power,
ditions are established with a short at the

power and chanael 2

test port of the directicnal coupler.

A=29, Use of Hoid Measurement (3}, Trlgger

({T) and Measurement Complate-SRQ (V)

Commands, An example of the use of these
commands using an HP85 Controller, Boonton
Electronics Model 1020 Signal Generator and

Model 4200 RF Microwattmeter follows:

Statement

Comment

10 1 TQVCHK

20 REMOTE 7 @
CLEAR

30 QUTPUT 703;
"IN1S0DOROQOVAB

40 QUTPUT 702;
" IMHQLOONM

50 QUTPUT 703;
g

60 OUTPUT 702;
noL-10m

70 ENTER 703: A
80 PRINT A

90 D1SPLAY MPRESS
CONTINUE FOR T
COMMAND™
100 PAUSE @ BEEP
110 QUTPYT 703;

n T" )

120 ENTER 703; A
130 PRINT A

140 QUTPUT 703;
n OQII

150 OISPYPRESS
CONTINUE FOR 1V
COMMANDH

200 PAUSE @ BEEF

210 QUTPUT 702;
ngLomn

Program name

Enable remote; clear
display

Set Model 4200; chan~
ne! 1 sensor 1, O CAL
FACTCR ¢B, ( REFER=-
ENCE d28, no held
indication, no
measurement-complete
5RQ, autorange meode,
dB display mode

Set Modal 1020; 1
MHz, output ievel of
0 dBm, output on

SeT Modal 4200 to
hold indication mode

Set Modal 1020 +o =10
dBm level

Read modei 4200;
store In A

Print mode! 4200
Indication

Display prompt on
Model! 85

Stop program; Issue
beep {press continue)

Send T {(trigger com-
mand) to Mode! 4200

Read model 4200
indication; store in A

Print modal 4200
indieation

Sat Model 4200 for
indTcation=hold, auto
range mode, d8 mode

Display prompt on
Model 85

Stop program; !ssue beep

Set Model 1020 To 10

- dBm output

The refersncs con=-

220

230

240

250
260

270

295
300

310

320

340

280

WAIT 1000
ON INTR 7
G0 TO 290
QUTPUT 703;
uiyn

WAIT 200

ENABLE INTR
7:8

ON TIMER #L,
5000 GO TO
370

60 TO 280

QUTPUT T703;
ngyn
WAIT 200

5=5PCLL{703)

IF BIT(S,8)<>t
THEN GO TO
370

PRINT
MMEAS~COMP-
SRQ7

DISP"PRESS

CONTINUE FCR QV
COMMAND™

330
360

PAUSE @ BEEP
GO TO 260

APPENCIX A
OPTICN 4200-01A

Wait 1 second for settled
indication on 4200

I interrupt occurs,
branch to 290

Set Model 4200 to issue
a SRQ at completicn of
measurement

wait 0.2 second

Enable SRQ interrupt in
Model 85

1f no Infterrupt Is
recelfved In 5 sadonds,
branch to 370

Wait for Interrupt
(or escape after §
seconds - step 270)

AT interrupt, sat
Model 4200 Yo no-
measurement-complete SRQ

Wait 0.2 saconds

Store result of
serlal peil of Model
4200 in S

I¥ bit 6 (SRO bl+) of
Model 4200 servica
raquest byte deces not

-

equai 1, go To 370

if bit 6 does equal 1
{SRQ bit) print
TREAS=COMP-3RQH
Cisplay prompt on
Modal 85

Stop program; Issue beep

Go to 260

370 PRINT"NO-MEAS~ There has heen no

380

COMP~SRQ"
PRINT "OONE"

service request

. Check 1s complete;

print "DONEM

in the above example, the devica
addresses are:

Davics

HP Made! 858
BEC Model! 1020
BEC Model 4200

Address

The saquence of events In tha above
program are as follows:
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A=29. (Continued).

HP8S
Controller Commants

RUN The model 4200 wlli read the
generator level of approxima-
tely 0 dBm and this will be
printed by the model 85B; the
Model 1020 generator will
change its level to =10 dBm but
the Model 4200 wilil not change
1ts Indlcation since it Is in
the hold-indication mode;
program stops at pause and
walts for MWCONTINUE" on
Model HP85,

CONTINUE Thls lssues a T (trigger) com—
mand to +he Model 4200 which
now changes to approximateiy
=10 dBm; this s printed by tThe

Mode! HP8S,

CONTINUE Thls Ini+lates a saquences in
whlch the measurement-complete-
SRQ Is enabled,

CONTINUE This Inittlates a sequence In
which the measurement-complete—
SR) nas been dlsabled,

A=30, Model 4200 Device Dependen? Statement
Summary, Refer to Table A-5,

A=31, Sealed System Operation. When In
sealed system operation (selected by the
control board bi+ ewlteh) the Tnstrument will
powar up In the operate mode but, by The use
of the proper GPIB commands this Instrument
can be placed In the DC or AC modes to allow
callbration of the insgtrument over the bus
without removai from the system rack, The
GPI18 commands ara:

Oparats Mode Hngomn
Callbrate Mode 1 (DC Cal} ngimn
Calibrate Mcde 2 (AC Cal) ngzmn

A=-32, THEORY OF OPERATION,

A-33, General, Interface board AZ3 s a
microprocessor-driven data interface which
converts |EEE 488 bus compatible signais into
control codes that cperate the Internal
confrol bus of the Instrument. I% also con-
verts instrument data Into |EEE 488 com—
patibie signals for use on the bus. All data
transfers are handled by source and acceptor
handshake protocois as deflined by
|EEE-488-1578,

A=34, Detalled Description. Refer to Figure
A-1, All data manipulation and {EEE 4838 bhus
management are controlied by CPU ASIC3 on the
TastrumenT control board Tn conjunction with
a micro-program steoraed In PROM AZ23U1 on the
interface board, All data transfer 1s
handled 'n parajlei-to-parallel mode by
adapter A23U4, Latch A23US handles transfer
of bit switch data that defines the Instru-
ment address and message termination charac-
tars to the Instrument data bus.

Bi=d!recticnal buffers A23U6 and AZ3U7 handle
data and confrol slgnal transfers, respec-
tively, between adapter A23U4 and The Inter-
face buses,

A=35, When the Instrument Is turned on, *the
REZET line to adapter A23U4 is sat low while
capacitor A23Cl1 charges through pul i=up net-
work A23U1, thereby clearing the adapter, To
Initiate an Tnterface transaction, signal
ROM=IF 15 set low by CPU ASIC3, thereby

enabl Ing the output of PROM AZ23U1. Interface
micro-program instructions from the PRCM
memory location specifled by the address bits
from the CPU are wriftten ontc the Instrument
data bus, The CPU executss these Tnstruc-
tions and actlvatas the control signals
required to perform the commanded Interface
+ransaction,

A=35, instrument sddress and messags ter-
mination character data manually preset Into
bit switeh A23S1 1z sumplied o latch AZ3US.
To read the switch data, control signals RD
and CS1F and address bi+ A6 are actlivated,
thersby enablling the lateh output through
gates AZ3UZc and A23UZb and Inverter A23U3ec,
The switch data Is then transferred Through
+he latch to +he [nstrument data bus,

A=37. To read incoming Intertface controi
signals, the CPU activates slgnals RU and

|F and sets address bit A6 low., The Inter-
face control slgnal port of adapter A23U4 is
selected through address bits AQC, Al and A5,
Adapter AZ3U4 1s enabled through gate
A23U2a, Because signal KD js active, signal
TE supplled bv the adapter to huffer AZ3UY is
inactive, and tnls buffer Js set up for data
transfer #rom the interface control signal
bus to the control signal port of adapter
A2304. Incoming Interface gontrol signals
are transferred +hrough buffer AZ3U7 and
adapter A23U4 to the Instrument data bus,
Clocking of adapter operations Is controlled
by the c¢lock signal from The Instrument
controel board., Interface control signal
transfer Tn the opposite dlrection Is
achieved by reversing the states of signals
RO 2nd WR. An actlve WR causes signal TE to
buffer A23U7 to become active, thereby ‘
revaersing the direction of data flow Through
the buffer, Interface controi signals from
the instrument data bus are then wrltten onto
the interface control bus Through adapter
A23U4 and buffer A23U7, Interface control
signals are defined as follows:

DAV DATA YALID
NRFD NOT READY FOR DATA

NDAC NOT DATA ACCEPTED

ATN ATTENTION

17C INTERFACE CLEAR
REN REMOTE ENABLE
SRQ SERVICE REQUEST
£01 ENC OR IDENTIFY
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TABLE A-5, MCDEL 4200 DEVICE DEPENDENT* STATEMENT SUMMARY
Statement Description Statement Description
T Trigger a measurement H Recall high 4B [Imit
0Jd Enable data averaging (NID Enter N as CAL FACTCR In dB
’ (N = =3,00 to +3,00)
1J Disablie data averaglng
D Recal! CAL FACTOR in dB
J Recall state of J to dlsplay
(0 or 1) {(NIF Enter N as frequency as CAL
’ FACTOR GHz determination
ouU Disable dB=1Imit-exceeded (N = 0,1 to 999.9)
sarvyice request - -
F Recal]l frequency for CAL
U gEnable dB-1Imit-exceeded FACTOR GHz determination
service request
(N)S Enter N as sensor number
u Recall state of U to display (N = 1 through 8)
(0 or 12
S Recall sensor number
ov Disable service request at
measurement completion (MIN Enter M as channel number
(M = 1 *hrough 3
1Y Enable service request at
measurement completion N Recal | channel number
¥ Recali state of ¥ to display (N)R Enter N as 48 reference
0or 1) laval (N = =39,99 to +99,99)
09 Disable dlisplay Indication R Recall| 4B reference laval
hold
Zz Inltiate autcmatic zeroing
1Q Enable display Indlcation cycie
heid
K Pgrform 1 mW automatic
P Display measurement [n power calibration
B Display measurement In dB c Clear numeric entry to 0
A Enable autorange mode (NM)Y Zero ranges N through M
(N = 0 through 6;
o Enable hold=range mode M = 0 through &;
. both must be usad)
(N)L Enter N as high 4B 1Imit
(N = -99,99 to +99,99) (N3G Set Instrument to range M
(N = 0 *through 8)
L Recail [ow dB |imit
(NYH Enter N as high dB8 [iml+
{N = =99,59 +o +99,99)
"*All other commands are controller dependent; see controller lnstructicon manual,
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Flgure A-1,

A=38, To handle data transfers between the
Instrument data bus and the Interface data
bus, adapter A23U4 Is similarly enabled
tThrough gate AZ3U2a by control signal TSIF
ans a low address blt A5, Address bits AQ,
Al and AS are set to select the data port of
adapter AZ3U4 and signais WR. and RU specify
the write and read functlons, |If data 1s to
be written onto the Interface data bus,
signal WR Is activated, thereby activating
slgnal TE to buffer A23U6, Data on the
instrument data bus s +hen +transferred
through adapter A23U4 and buffer A23U8 to the
interface data bus, For data fransfers from
The Interface data bus to the Itnstrument data
bus, signal WR Is Tnactive and signal RD Is
active, Signal TE to buffer A23U6 1s deac~
tivated by adapter A23U4 to reverse the
direction of data transier through the
suffer,
A=39, MAINTENANCE.

A=40, General, The IntTerface board does not
coperate alone, but rather In conjunction with
the Model 4200, |If Interface operation beco—
mas abnormal 1+ should first he determlined |+
the 4200 opaerates normally without the inter-
face., 1f It does, proceed according to the
following paragraphs,

A-41, Physical Inspection, Check the inter-

face board vlsually for joosa or broken con=
necters, foreign material, ete,.

A=10

REM _( REN
1| U T
Y7 npaC————¢ NDAC

GP1B

BUFFER '

NRFO————¢ HRFD
s SONTROL

e DAY —— DV

EGI— zot

ATM|———— ATH

SRQ e SRO

D831287a

IEEE-488 Bus Interface Optlon 4200-01A Block Diagram

A-42, VYoitage Checks. With *+he board
Installed In the 4200, and all connectors in
place, check the supply=-and~IC-voltages
according to the values shown on the schema=-
tic dlagram, Flgure A-2,

A=-43, Actlve-Device Substitution. Al!l the
active devices are socketed, making replace~
ment simpie, Replace sach device, one at a
time, and check for restoration of proper
performance by the Insftrument,

A=-44, Troubleshootling. An oscllioscope,
while not the most useful tool for
troubfeshooting bus-oriented mlcroprocessor
systems, still may be used to determline acti-
vity or lack of activity on the address, data
and control |Inses,

A=-45, REPLACEABLE PARTS,

A-46, Table 6«2 llsts alil the replacezable
parts and Includes; Reference Symbol,
Cescription, Mir,, Mfr's Part No., and the
BEC Part No.

A=47, SCHEMATICS.

A=-48, Refer to Figure A2 for the 4200-01A
schematic,
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i NOTES P29} P23
i 1. CAPACITANCE VALUES IN uF UNLESS OTHERWISE SPECIFIED. CONNECTS TO CONNECTS TO D831252¢C
X A20W20J28(29) Arwzl J31(30

2. [CJ EXTERNAL MARKINGS.

I, LAST NUMBERS USED:
u?
. O TEST POINT.

4
5. USE JUMPER "A" FOR 16 K ROM OR JUMPER "B" FOR 32 K ROM.

pa31252C

ON OPTION MAIN

FRAME SCHEMATIC

831093

ON MAIN SCHEMATIC
831271 ,SHT.1GF 7T

Figure A-2 Interface Board A23, Schematic Diagram

A-11/12






P

e

PR

e

APPENDIX 8
QPTION 4200-01B

APPENDIX B
|EEE-488 BUS {NTERFACE
OPTICN 4200-018

B-1., DESCRIPTION.

B=2. The [EEE-488 (GP!B) bus Interface
option permits external control of the

I nstrument and data capture by a wide variety
of compatible contreolliers. The Instrument
may be operated wlth other GPIB-compatible
devices to achleve speciflc test automation
gozls, with no specialized control Interface
requirements for proper electrical operation,

B-3, Although no standard GPIB Tnterface
data formats have yet been establlished, cer-
tain common practices are achieving de-facto
standard status, These practicas have been
adhered to In the design of the 4200-018
opticen Interface formats and delimiters,
Theraby assuring The user of forma’t com-
patinility with almost all controllers,

B-4, CAPABILITY,

B-5. Cortain subsets of full GPIB functions
are specified in the 1EEE-488 1978 Standard.
The Medel 4200-018 optleon Includes the
following capabilities:

" SH1  SOURCE HANDSHAKE complete capabllity

AHY ACCEPTOR HANDSHAKE complete capabllity

76 BASIC TALKER, SERIAL POLL,

UNADDRESS IF MLA

NO TALKER ONLY capablilty
TED NG EXTENDED TALKER capability

L4 BASIC LISTENER, UNADDRESS IF MTA,
" NO LISTENER ONLY capability

LED NG EXTENDED LISTENER capabi!ity
SR1- SERYICE REQUEST czpablllty

RL1 REMCTE-LOCAL capabllility,
< LOCAL LOCKOUT capability

PPO  NO PARALLEL POLL capabllity
DCG | NO DEYICE CLEAR capablllty
DTt  DEVICE TRIGGER capabllity
co NO CCNTROLLER capabil!liy

MLA = My Listen Address
MTA = My Talk Address

B-6.  INSTALLATION,

B=-7, Option 4200=C1B conslsts of Interface
board A23, Electrical Intarconnections are

shown In Figurs 7-8, To Instail the Inter-

face board, procsad as fol lows:

a. Turn off power to The Instrument,
b. Remove the screws that secure the tep

cover of the Instrument and slide the top
cover back and off.

¢, Cut the cable tie In the Instrument that
holds the extra powar plug (the plug with two
blue wires and one biack wire).

d. Remeve The slix screws that fasten the
control board and replace them with the six
mounting pests supplled with the =018 package,

e, PFositien +he Interface board in the
Instrument so that the mounting holes In the
Tnterface board fline up with the mounting
posts In the Instrument, Attach the lnter-
face board to the mounting posts with six
4-40 screws and lockwashers suppiled with the
. Interface board,

f. Connect the 40 pin rlbbon connector to
The front edge connector of The Interface
board,

g. Connect the power plug Tn the instrument
to the 4=-pin brown connector con The interface
board,

B-9, Address Assigrment. Befeore using the
instrument In the GPI1B, [T must be assligned a
unique address, Thls address Is set using
the five right-most sections of rear-pansl
address switch $1 Ia accordance with Table
B-I-

B~10, Messzge Terminator, Positions 6 and 7
of the rear panei switch S1 permit a cholice
of message terminators, as shown In Table
B8-2.

B-11, Command Respense. In addition to Talk
and Llsten Address commands, the instrument
responds to The following:

a, Address Commands {Response 1f Listen
Addressed),

Mriemonie Name Functlon
GTﬁ Go To Local Enables panei
control
GET Group Executa Trigger'a
Trigger measuremant

b. Listen Address Group.

Mnemonie Name Funetion

UNL Unllsten De-address as
| 1stener

¢. Talk Address Group.

Mhemon]e Name. Function

UNT Untalk De-address as

taiker
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TABLE B=-2.
MESSAGE-TERMINATOR SELECTION
Switch
Message
7 6 Terminator
0 0 EOQI
0 1 cr*
1 0 Le*
1 1 cr LF
- Ywrth or without EO!
B=11, ({(Continued),
d. Unencoded Commands,
Mnemon I¢ Name ) Function
iFC interface InTtlallze
Clear interface
REN Remote Permits remcte
Enable operation

B-12. Operating States., The Instrument
operates in two separate states, whether In
lecal or remote control, One state Is the
measurement state, during whleh the Tnstru-
ment performs and displays measurements; the
other state s the data entry/recall state,
which Is operative during number entry or
after recall of stored information, When
operating on the bus, 1+ 1s important to
remember that +he instrument can send only
that Informatlion which appears on the front
panel display. When the [astrument !s In the
store or recall mode, +he LED display and
annunciators blink on and off to Indjcate
that the displayed value Is not a measured
value,

a, Measurement Mode Functiens. The
tfollowing functiens change +he measurement
mode of the Tnstrument: "

Kayname GFIB  Function

TABLE B-1, ADDRESS ASSIGNMENT
*Decimal Talk Llsten Switch Setting
Address Cecde Code 5 4 3 2 1
0 ] sP 0 6 0 0 0
1 A ! 0 ¢ ¢ 0 1
2 ] n 000 10
3 c 4 6 0 0 11
4 D $ 001 00
5 E -4 0 0 1 0 1
6 F & 006 1 190
7 G t 8 0 1 1 1
8 H ( 0 1 0 0 0
9 I ) 01 0 01
10 J * 01 0 10
11 X * 01 ¢ 11
12 L , 01 100
13 M - o 1t 1t 01
14 M . 01 110
15 N / o1 1 11
16 0 0 1 00 0 0
17 P 1 1 0 0 0 1
18 Q 2 100 1 0
19 R 3 T ¢ 0 t 1
20 S 4 1T 0100
21 T 5 10 1 0 1
22 u 6 101 10
23 v 7 1t o1
24 X 8 1100 0
25 Y 9 1 10 0 1
27 H ; A T T T
28 \ < t 11 00
29 1 = 111 0
30 A > 111 1 9

*address 31 (11111) wlil not be
recognized and should not be used,

PWR MCDE P Displays measured voltage

d8 MCDE B Displays measured dBmV

b. Command Functlons, Table B=3 describes
command functlons,

Kayname GPIB Functlon

dB CAL FAC D Cal Factor Constant, in dB

RANGE AUTQ A Sets autorange mode

RANGE HOLD Q Sets range held mode
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TABLE B-3. CCMMAND FUNCTIONS

Command Arm Disarm

Descrlption

Q

1@ 0Q

1J aJd

1U ou

Hold command: the last reading, or the last
keyboard entry, wlll remain on the dispiay,.
The Instrument will continue to read probe in-
put, but will not update the display. The
instrument cycle time will be greatly reduced
because of the measurement-cycle overhead that
1s not executed during the hold command,

Service requeé? command: the service request
will be Issued by the TnsTrumenT upon comple—
tion of a measurement,

2v 5RQ on sattlied reading

Raw=-data command: the Instrument will not
average or smcoth any of the measurements,

Limit command: the Instrument wil! jssue a
service request 1f any limit Is exceseded, |f
a 1Imit 1s exceeded and a service request is
Issued, the U command must be rearmed To be-
come operational agaln,

Trigger command: +thls command, Identical wlth
the |EEE-488 group execute trigger, Initiates
a measurement cycle.

{NTERFACE CLEAR and DEVICE disarm al! the above commands,

B=12, (Continued).

b, Command Funections, (Continued),

Keyname

GPiB

Function

GHz

F

SEL AVERAGE 0OX

nX

Intarpelates Frag/Cal
Factor Table

Sets auto average
Sets salect average
“{a = 1=-127)

c, Service Request Status Codes, Service
raquest status is deflined by a flve=blit code,
as defined In Table B-4,

TABLE B=4, SERYICE REQUEST STATUS

51T
4 3 2 1 0 Meaning
X X X 01 .CH 1 low [Tmit exceed!ng
X X X 1 0| Ch 1t high Ilm!t exceeding
X 0 1 X X| Ch 2 low l'imlt oxceeding
X 1. 0 X Xi; ©Ch é high 1imlt excseding

d. Data Entry/Recall Functions, These func-
tlons enable entry or refrieval of numeric
constants used by the Instrument, Operation
reverts to the measurlng state after data
storage,

Kayname GPi2 Function

LIMITS L Low 1imit value In d8

d8 LO

LIMITS H High 1imit value In &B

dB H!

SELECT N- Selects channel number
CHNL ’

QB REF R dB reference level for d8
LEVEL dB modes

SENS S Sele¢ts Sensor Data Tables

e. Speclal Functlons. Special functlions
Inciude the automatic zeroing and clear func-
t+ions.

Kayname GPI8 Function

ZERD z Initiate an automatic
zeroing cycle

CLR c Clear pumerlec entry
to zero

CAL K Performs 1 mW Auto

Catlbration
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B-12, ({(Centlinued),
. IEEE-488 Bus Command Extensions, The
following functions are added to bus opera-

tion:

Mame GPIB Function

ADRZERQD Y Zaro salected

ranges (0-7)
SET RANGE G Set to selected
range (0=7)

These commands must be preceded by an
appropriate argument, The argument for Y Is
the span of ranges to be zeroed; for example:
26Y specifles zeroing of ranges 2 through 6.
if cnly one range is o be zeroced, the argu-
ment must begin and end with the same code
{8.G., 1Y to 2erc caly range 1}. The argu-
ment for G Is the range number (0 = 10 nW to &
= 10 nW for 4200-4 sensors) to be set, - From
exacution of the Y command o measurement
mode, the maximum time Is as folliows:

Command Time Command Time -

00Y 2.3 seconds 04Y 3.8 seconds
01y 2,9 saconds 05y 4,0 seccnds
02Y 3,% seconds 08Y 4.3 seconds
03Y 3.5 seconds

The "Y" command allows no walt time for a
sensor to reach a stable zero before actual
offset storage occurs,

NOTE

The & command sets +he 4200 to an Internal
range which may not correspend to the range
code output In the data string Tn Paragraph
B-21, The table below relates Internal and
apparent range codes:

LEVEL INTERNAL APPARENT
+10 6B 10 mW - -

6
+6 dB 3.98 mW -
0 48 1 mW 6 -

5
-10 d8 100 uW -5-
-11d8  79.4 uw -

a
-20 d&8 10 uw -4 -
-21 dB 7.94 uW -

3
-30 d8 1 pW -3-
-32dB 631 nW -

2
-4C dB 100 nW -2 -

-42 dB 63,1 nW = -

=50 d8 10 nW - 10
=52 dB .31 n¥ - ¥
-60 dB 1 nwW 3 -

B-4

For the series 4 and 5 sensors add 10 dB to
+he internal and apparent levels.

For the serles & sensor add 20 dB to the
Internal and apparent levels,

g« Bus Avallability, When the Model 4200

Is sent a string, 1t does not normailly Tie up
the bus while respondlng to the string; other
bus communjcations are possibie durlng the
interval, The 4200 can Tnform the

controlier when 1T is finlished by use of the
Servlce Request see paragrpah B-12d, If this
Is deslred,

The Model 4200 can, however, be made to lock
up the bus whlle It s responding to & string
= if such actlion is desired = by sending 1+
+wo strings In succession (even [f the second
string Is only a Null command),

Exampie: A “zerco" command: wrt 716,"Z"
Followed by & "taik" command: red 716,A,8,C

B~13, TIME RESPONSE CHART.

Refer To Tables 1=3 for the Model 4200 sensor
measurement through the |EEE-488 Bus,

B-14, REMOTE PROGRAMMING,
NOTE

IT Is assumed that the user Js acqualnted
with GPIB principles and terminoiogy. Refer
to the controller instructicon manual for the
syntax needed to create specific bus commands
and addressing sequences. All exampies given
apply to the HP 9825 calculator,

B-1%, Bus Programming Syntax., The bus
orogramming syntax mirrors the front-panel
keystroke sequence closely. Each kay has
been assigned an alphanumeric character and
sendlng that character ls equivalent to
pressing that front-panel key, The resulting
operatlon 1s ITndistingulshable from |ocal
control., Numerical values are translated by
the GPIB Interface so that commonly cbserved
formats may be used, Flixed formats and
floating point formats may both be used, ’
Thase representations are converted to thelr
equivalent flxed point values and the sign
Information Is posT=fixed automatically,
theraby enasuring that natural notations for
nunbers will be accepted by the Instrument,

B=-16., Suppose that 1t is desirad to set the
instrument to the PWR mode, The HP 9825
calculator could be programmed:

wrt 716, npn

The Pwrtn jnstructs the calcutator to send
data on the bus fo one or more |isteners,

The number following 1s the address infor-
maticn; 7 1s the caiculator address and 16 Is
the Instrument address, {(all examples |n
+his appendix will use 16 as the Instrument
address, although any valid address can be
assigned to the Instrument,) When the calcu-
lator Interprets the flirst part of the |lne,
1+ will assert the ATN |lne to signify that
commands or addresses will be sent on the
bus. Following that, i+ w!ll send three
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B=16. (Continued),

bytes or characters: Unllsten, the calcula=
tor Talk Address and the iastrument Listen
Addraess., This information will confiqure
beth the calculator and the Instrument for
tha data transfer, After the |last command
byte has been accepted, ATN will be releasad
to the false state by the calculator, All
informaticn on +he bus s Interpreted as
data In thls mode, While in the data mode,
the calcuiator will send the character "P" +o
the [nstrument, At the instrument, this will
be Interproted as equivalent to pressing the
MODE PWR key and that function wlll be exe-
cuted, Becausa there 1s no more data to be
sent, the calculator w!lil send a delimiter
(the preselectad ASCI1 code for the ter-

mination character), The Imstrument recognl-

zes the termination character as an .
and=of-message signal and returns to the bus
Tdle cond!+ion,

B=-17, The preceding discussicn of the
sending of a single programming byte serves
to 1llustrate two Important polnts: avery
data ftransfer is preceded by a
command/address preambie and each transfer is
+terminated by a termination character, In
the preceding example, six characters weras
sent on the bus; cenly one was a programming
byte,

B-18, The measurement moca functions (P, B,
A, O) and the special functlons (Z, K) do not
expect any numeric value, These functlons
all execute as recelved, For example: .the
following will program 4B and autorange mode:

wrt 716, "BAn
or
wet 716, NABn

Note that the sequence is unlmportant, except
That each functlon executas in The order iT
is recelived on the bus,

B-19. Suppose that the instrument 1s to be
Zeroed autcmatically, and then asked to send
the readling In the PWR and RANGE AUTO moda.
The HP 9825 calculator could be fnstructed as
foi lows:

wrt 716, mAPZM
red 716, v, S

The autcmatic zerolng cycle time s approxi-
mately 10 to 22 seconds, depend-Iing on range.
Until zeroing s com=plaeted, the Tnstrument
will be unable t¢ respond with new data, The
first [Tne of the preceding Instructions sets
the operating mode and Initlates the zerolng
cycle, The last |lna reads the response.from
the Instrument. The Instrument responsa con-
sists of twe numeric valuas: +the first vaijue
!s the front panal reading and the sacond is
a status value (normally zero). These two
numbers will be stored In the calculater
varlables (storage locations) V and S, Note
that each data transmission from the instru-

APPENDIX B
OPTION 4200-01B

ment consists of two values, When the status
value 1s non-zerc, Indicating an error con-
dition, the data value wlll he sat to zero.
The program will normally test the status
value To assure valid operating conditlons,

B8-20. Store/Raecall Functlons Syntax, The
general syntax for stors/recail functions is
the same as the fronT panel sequance; If a
numerje value Immediateiy precedes the func-
tlon, that value will he stored; otherwise,
the ex!sting stored value wlll be recalled to
the front panel, These functlons (L, H, D,
F, 5, N, R, J, U, V) thus operate In a dual
mode, When the Instrument Is in the store or
recal] mode the display will bllnk to Indi-
cate that the lastrument Is net In the
measurement mode, The lnstrument ls returned
To The measurement mode by sending any of the
following: P, B, A, 0, T, 1J, 0J, 1@, 0C,
1¥, 0¥, 1U or QU,

B-21. Suppose that i+ 1s desired to store
the current power level In dBm Into the dBm
reference so that all future readings will be
referenced to the current value, Al lowance
must be made for the possibllity that +the
current value is a2 dB relative valus, To do
this, the current dB value must be read, the
existing dB reference must be recalled, the
true d8m value must be computed and thls
value must be stored into dB refersnce, The
calculator could be Instructed as follows:

red 716, v, § -
wrt 716, "Rw
red 716, X, S
YV+X->Y

wri 716, Y, HR"

Note that R Is used twice iIn the program, the
first time To obtali +he existing value for
the dB reference and the second time to store
the computed value, Also, note that the twe
read statements (red) each fetch a differant
value, the first value |s the power value In
dB and the second is the dB8 reference,

B=22. Cutput Data Format, The data
output of the Instrument consists of two
numerlc values, The flirst Is the
numeric data In the dlsplay and the
second 1s the status Information, The
normal data output will have the

fol lowing format: '

abesddddEsd, §, R {te¢)
Wherae:
ab = mode (power Tn mllllwatts = PW;
d8 = OM; dBr = DR)
¢ = channel (A =1; B=2; C= 3
s = sign (+ or =)

dddd = data {(four digi+s, each digit
0-9

Esd = exponent, sign, dlglt

s = data delimiter
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TABLE B-4, RANGE CODES FOR VARIOUS SENSORS

range Sensor Type

Code 4200=-4E 4200-35E 4200-6E 4200Q-7E 4200-8E
0 <$=~50 dBm <-40 dBm =30 dBm <-20 dBm <-1C dBm
1 &=40 dBm <-30 dBm &=-20 dBm S-10 dBm < 0 dBm
2 %~30 dBm £=20 dBm <~10 dBm < 0 dBm

3 =20 dBm €-10 dBm < 0 ddm <+10 ¢Bm

4 £-10 ¢Bm < 0 dBm <+10 dBm

] < 0 dBm L+10 dBm <+20 dBm

6 S+10 dBm <+20 dBm S+30 dBm

B-22. (Contlinued),

S = status diglit:
= ng error
antry too small
entry too large
measurement under range
measurement over range
zero acqulisltion out of
range - excessive posltive
offset
6 = zero acqulsition ocut of
range - excesslive positive
offsat
7 = channel 3 over/under range

U BLRR —-O
| N LI I ||

faster response time than the T command,
which 1s executed only once sach measurement
cycle,

B=26, Limit Service Request, Thls command,
when enabled, will result In a service
request by the Instrument when either dB
1imI+ (high or low) of either channel
{¢hannel 1 or channel 2) is exceeded. The

| Imi+ exceeded and the channel can be deter-
mined from the service request byte as shown
below:

NOTE

B1T 6, when set, ls the service request,

R = Range Code, coded per Table B-4
81t Limlt Exceedad
tec = tarminatlion character 16543210
8~23, Hold Indicatien Function Syntax, The X1 XXXX01 Channet 1 low 1imit
Hold lrdicatlon function, when enabied (1Q), X1 XXXX10 Channel 1 high 1imit
automatical ly does a measurement cycle X1 XX01 XX Channeil 2 low timit
following 1ts recelpt and then holds the A1 XX10XXK Channet 2 high limit

indication until recelipt of a T, 0Q or

another 1Q command., It Is Intended primarily

for use with the Trigger or Group Execute
Trigger commands, Following Its recelpt, the
Instrument contlinues to measure but does not
update the dispiay, Tnis can be use~fui
whers response time 1s Important since
d¢isplay-update time is eliminated until
called for with a Trigger (T) command;
another 10 command will also update the
display and malntain the hold Indication
function; 2 0Q command will update the
display and negate the heid Indlcation func-
tien, .

B-24, BSRQ Function Syntax, The controlier
can coemmand the Instrument to pull the SRQ

| ine true after each measurement, The syntax
for thls command Js 15 and 25, To command
the Instrument not to pulil the SRQ line true
after each measurement the syntax Is 0S5,

To command the Instrument to puil the SR
tIne true after sach settled reading the syn-
tTax Is 2S.

B=-25, Measurement Trigger Syntax, The
Trigger (T) command ls an addressed command
{wrt T15,"T"), used to trigger a measurement,
and Is generally used !n conjunction with the
Holg lndicaTion function (@), (Rafer to
paragraph B-23,) The Instrument Is also
responsive to the unaddressed Group Execute
Trigger (GET} command., This command Is
asynchronous and may result in a sllightly

B-6

B-27. Average Function Salection. To reduce
the effects of noise, spurious compenents,
etec, at lower levels, the Medel 4200 employs
signal averaging, The amcount of averagling Is
a function of signai levei, being highest on
the |owesT ranges and least on the highesT
ranges. When the Instrumen? Is fIrst turned
on a set of default values ls assigned as
follows:

s LEVEL RANGE CONSTANT
10 mW 6 1
1 mw 5 1
100 pw 4 ]
10 uW 3 2
1 uw 2 4
100 nW 1 20
10 nW 0 80

B-28. Increasing or decreasing these values
may be accomplished by sending the Instrument
N (N=t to 127) and then X, This new constant
will now be Tn effect on 2!l ranges and will
remaln In effect untll changed by aentering a
different value, or until 0X is sent to the
instrument, or the instrument [s turned
QFF/ON, after which +he default values will
be again be In effect, The value of the
constant in effect can be recalled by sending
the Instrument X, The defauit values whea In
the AUTO mode cannot be recalled, the instru-
ment will return a 0 to Indlcate +he AUTO
mode, )
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B-29, Typical Appllcation, Suppose that It
1s desired To measure Insertion loss or gain
with an Instrument equipped wlth option
4200-03, channel 2 measures lnclidant power
and channel 1 measures output power, The
program, shown below, wlll request referaence
conditions and walt for the user to sst them
up. Foilowing establlshment of the
reference, the program wlll loop on Tnserilon
loss/gain measurements, Each measurement 1s
triggered by the user. Zeroing !s prompted
in the local mode at the beginning of the
program. Reading errors, should they occur,
will be signalled by a double beep from the
calculator; normal measurements will give a
single beep., Thers wil] be one print tine
per measurement, The reference value is not
printed in this example,

Frogram Yariable Usage:

T

1 = power measurement vaiue
R: = rangs value
S: = status value
Z: = dummy Input for prompts

Commants

Program Statements

0: <11 7 fclear Interface
1: ent "zero chl, /prompt for zeroing
2n,Z
2: rem 7 Jenabis remots
3: wrt 718, /0 dBref, auto - sa7T
2INAGRZNADRINT ¢ch 3
4: ent "ref /prompt +to set up
measura®,Z raf
5: red 716,P,5,R /read ref value, status
6: 1f S»>0;dsp /test status
"arror",S;
beap; gto 4
7: wrt 716,"IN",  /setT ch 1 dBref = P
PR3N
8: beep;ent /prompt for measurement
"measure” ,Z
9: red 716,P,5,R /read measurement, statu
10: 1% 5>0; dsp /test status
"grrort,5;
beep;wait 100;
gto 8
t1: prt P,ndB"; /print measurement
gte 8
12: end
B-30. The program In paragraph B=25 also

measures reflection coefflicient If channel 1

measures reflacted power and channel 2
measuras lIncldent power, The reaference con-
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ditlons are estabilshed with a short at the
+est port of the directlenal coupler,

B-31,

Use of Hold Measurement (Q), Trigger

(T) and Measurement Compleie~SRQ (V)

Commands,

An example of the use of thess

commands using an HP85 Controller, Boonton
Electronics Model 1020 Signal Generator and
Model 4200 RF Microwattmeter fcllows:

Sfafgmenf Comment

10 ! TQVCHK Program name

20 REMOTE 7 8 Enable remote; clear
CLEAR . display

3Q CUTPUT 703; Set Model 4200; chan-

-MINTSODORCQOVAB nel 1 sensor 1, 0 CAL

40

50

~4
[

80

30
CON
COoM

100

110

OUTPUT 702;
" IMHOLOON

QUTPUT 703;
n 'IQn'

OUTPUT 702;
"QOL- 10"

DISPLAY HPRESS
TINUE FOR T
MANDH

PAUSE 8 BEEP

QUTPUT 703;

. nn

120

130

140

150

200
210

220

EMTER 703; A
PRINT A

OUTPUT .703;
nggn

DISPYPRESS

CONTINUE FOR 1V
COMMAND

PAUSE 8 BEEP

OUTPUT 702;
"O LOI1

WAIT 1000

FACTOR dB, O REFER=-
ENCE d8, no hold
indication, no
measurement-compiets
SRQ, auiorange mode,
d8 display mode

Set Medel 1020; 1
MHz, ocutput level of
0 dBm, output on

.Sat Model 3200 to
heid Indicatlon mode

Saet Model 1020 to =10
dBm level

Raad modei 4200;
store in A

Print mode! 4200
inglcation

Olsplay prompt on
Mocde! 85

Stop program; lssue
besp {prass continue)

Send T (frlgger com=
mand) to Modei 4200

Read model 4200
indication; store in A

Print model 4200
ndication

Set Model 4200 for
indlcation-hold, auto
range mode, dB mode

Display prompt on
Model 85
Stop program; lssue heep

SetT Modal 1020 to 10
dBm output

Walt 1 second for
setTled Tndicaticn
on 4200
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B-31, (Continued).
Statement Comment
230 ON INTR 7 I¥ lnterrupt occcurs,
GO TO 290 branch to 290
240 OUTPUT 703; SetT Modei 4200 to
USRI Issue a SRQ at com=
pletion of measure-
ment
250 WAIT 200 Wait 0.2 sacond
260 ENABLE INTR Enable SRQ interrupt
7;8 in Modal 85
270 ON TIMER #L, If no Interrupt 1Is
5000 GO TO recelved In 5 se~
370 conds, branch to 370
280 GO TO 280 Wait for Interrupt
{or sscaps after 5
secongs = step 270)
290 CUTPUT 703; At Tnterrupt, set
noyH Model 4200 to no-
measurement-complete
SRO
295 WALIT 200 Walt 0,2 seconds
300 S=5POLL{703) Store result of

360

370 PRINTPNC=-MEAS-

380

310 IF BIT(S,5)<>1
THEN 6O TO
370

320 PRINT
HMEAS-COMP-
SR 1]

340 DISPYPRESS

CONTINCE FOR QV

COMMAND™

© 350 PAUSE @ BEEP

GO TO 260

COMP-SRO™
PRINT "DONE"

sarial poll of Model
4200 in §

tf bIt & (SRQ bit) of
Mode! 4200 service
request byfte does not
equal 1, go to 370

¥ 5iT & doss egqual
(SRQ biT) print
NMEAS=-COMP=SRQM
Cisplay prompt on
Model 85

Stop program; Issue
beep

Go to 260

Thera has been no-
service requast

Check 1s campliete;
print "DONE™

In the above example, the davice
addresses are:

Devige Address
HP Model 83B 7
BEC Model 1020 2
BEC Model 4200 3

The sequence of events [n the above
program are as follows:

HP85

Controiler Comments
RUN The model 4200 wiil read the

generator level of approxima-
tely O dBm and thls wli| be
printed by the model 858; the
Mode! 1020 generator will
change [+s level to ~iQ dBm but
the Model 4200 wil!l not change
its Indication sineca I+ Is In
the hold=Indication mode;
program stops at pause and
walts for WCONTENUE" con

Model HP8S,

CONTINUE This issues a T {trigger) com-
mand to The Model 4200 which
now changes to approximately

) =10 dBm; *his js printed by The
Model HP85.

CONTINUE This Inltlates a sequence In
which the measurement-complete~
SRQ 1s enabled,

CONTINUE Thls inltiates a sequence In

which the measurement-complate-
SRQ has been disabled.

B=32. Model 4200 Device Dependent Statement
Summary, Refer tec Table B-5.

A=33, -Sealed System QOperation, When In
sealed system operation {selected by the
control board bit switch) the instrument will
power up in the operate mcde but, by the use
of the proper GPI8 commands this Instrument
can be placed in the DC or AC modes To allow
callbration of the Instrument over the bus
without removal from the system rack. The
GPIBE commands are:

Cperate Mode ngomn
Calibrate Mode 1 {DC Cal) "g mh
Calibrate Mode 2 (AC Cal) ngzmn

B=34, THECORY OF OPERATICN.,

B=35, Generai. Interface board A23 Is a
microprocesser-driven data Interface which
converts |EEE 488 bus compatibte signals Into
control codes that operate the Internal
controt bus of the Instrument, It also con=
varts instrument data Intoc IEEE 488 com—
patible signals for use on the bus, All data
transfers are handied by source and acceptor
protocols defined by IEEE-488-1978.

B-36, Detalied Description, Refer tc Figure
B-1. All data manipulation and I1EEE-488 bus
management are controlled by CPU A23U7 in
conjunction with a micro-program stored In
PROM A23U8. All data transter Is handled in
parallel to paraliel mode by adapter A23U16.
Latch A23U15 handles transfer of blT switch
data that deflnes the Instrument address and
message termlination characters to the Instru-
ment data bus, Bi-directional buffers AZ3U17
and A23U18 handle data and control signal
transfers, respectively, belween adapter
A23U16 and the Interface buses, The Ram
memory A23U11 Is used by the CPU for tem=
porary storage of program variables during
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TABLE B~5, MODEL 4200 DEVICE DEPENDENT T STATEMENT SUMMARY

Statement

Statement Description Description
T Trlgger a measurement H Recall high dB {Tmlt
aJd Enabie data averaging (N)D Entar N as CAL FACTOR In dB
(N = =3,00 to +3,00)
14 Disable data-averaging
D Recal |l CAL FACTOR In 4B
J Recail| state of J to display
(Qor 1) (N)F Entar N as frequency as CAL
FACTOR GHz determination
ou Disable dB=1Imlt-exceeded (N = 0,1 To 999,9)
sarvice regquest
F o Recaii frequency for CAL
1U Enable dB=]Imit-oxceeded FACTOR GHz determination
service request
(M)S Enter N as sensor number
H] Recall state of U to display (N = 1 threough 8}
(0 or 1} )
Ky Racal| sensor number
ov Dlsable service request at
measurement compietion (MIN Enter M as channel number
(M = 1 through 3)
v Enable service request at *
measurement completion N Recall| c¢hanne! number
2v Enable Service Reguaest on (NIR Enter N as 48 referance.
settled reading laval (N = =99,99 to +59,99)
¥ Recall state of ¥ to display R Recali dB referenca level
(0 or 1) .
Z Initiate automatic zeroing
o0 Disable display Tndlcation cycle
hold :
K Perform 1| mW automatie
10 Enable display indication calibratien
hold .
c Clear numeric entry to 0
P Display measurement in power .
(NM)Y Zero ranges N Through M
B Display measuremenT In dB8 (N = 0 fthrough 6; |
M= 0 through 6;
A Enable autorange mode both must be used)
0 Enable hold=-range mode (NG Set Tnstrument +o Hange N
’ {N = 0 through 6),
(N)L Enter N as hlgh dB |imit .
(N = =99,99 to +99.99) ox Enables auto average
L . Recall low dB |imlt (N)X Enter N as number of samplas
’ To average
(NJH Enter N as high d8 |imit

(N = =-99,99 to +99,99)

*All other commands are controiler dependent; seze controller Instruction manual ,
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Figure B-1,

L4

B-36, (Continued}.

program executlion, A23U14 the program timer
Is only used by the -06 MATE optlen for
+iming required under CliL operation, A23U1
and AZ3U2 the programmable peripheral Tnter-
faces form a "mallbox" for data transfer bet-
waen the instrument and interface address,
control, and data buses,

B-37., When the Instrument is turned on, or
when the supply voltage goes iow, the supply
voltage supervisor A23US keeps the reset line
active untlil the power supply voltage haas
reached |ts nemlinal voltage vatue, thersby
resetTing the TPU A23U7 and ¢learing tThe
adapter A23U18,

B~38. Instrument address and message ter-
mination character data that 1s preset by
bit switech A2351 Is supplled to ltateh AZ23U15,
To read the switch data, address blts AB4,
AB5, and control slgnal TCRD ars activated
producing signal BSW and enabllng The latch
output, The switch data 1s then transferred
through the fatch to the Interface data bus,

B-39, To read Incoming Interface control
signals, +the CPU actlivates signals IGRD and
sets address bl+t AB4 low, The Interface
contro! slignal port of adapter A23U16 s
selected through address bifts ABO, ABl, and
AB2, Adapter A23U16 is enabled through
decoder A23U12. Because slgnal TORD Is
active, signal TE supplled by the adapter to
buffer AZ3U18 1s inactive and this buffer Is
set up for data transfer from the Interface
control signal bus to the control signal port
of adapter A23U16, Incoming Interfacs
control signals are transferred through
buffer A23U18 and adapter A23U16 to the
Instrument data bus., Clocking of adapter

B-10

ATN e 2%00
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|EEE~488 Bus Interface Optlon 4200~01B Bloeck Diagram

operations Is contrelled by the clock signal
ZCLK which 1s generated by A23U4b and divided
by A23U6. ZCLK also supplles the required
clock to the CPU A23U7. Interface control
signal transfer iIn the opposite direction Is
achleved by reversing the states of signals
TORD and TOWR, An active TOWR causes signal
TE to buffer A23U18 tc become active,
thereby reversing the direction of data flow
through +he buifer, Interface controt
-signals from the Interface data bus zre then
wirltten onto the Interface control bus
through adapter AZZU16 and buffer AZ3U18,

B-4¢, To handie data transfers between the
Interface data bus and the interface connec-
tor A23J2, adapter A23U15 is similarly
enabled through decoder A23U12 by low address
bit AB4, Address bits AQ, Al, and A2 are set
to select the data port of adapter A23U15,
and slgnais [OWR and IORD specify the wrlte
and read functlons, |f data Is +o be written
to the Interface connecter A23J2 signal TOWR
is actlvated, thereby activating signal TE to
buffer to buffer A23U17, Data on the inter-
face data bus Is then transferred through
adapter A23U16 and buffer A23U17 to connector
A23J2, For data transfers from connector
A23J2 to the Interface data bus, signai [CRD
Is Tnactive and signal TORD 1s actlve,

Sigrnal TE +o buffer AZ3U1T is deactivated by
adapter A23U16 to reverse the directlion of
data fTransfer through the buffer,

B-41. MAINTENANCE,

B=42, General, The Interface board does not
operate aleone, buf rather in conjunction with
the Mode! 4200, |f Interface cperation
becomes abnormal it should first be deter-
mined 1f the 4200 operates normal ly without
the Interface. |If It doss, proceed according
to the followling paragraphs.
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B-43, Physical Inspection, Check the inter-
face beard visually for lcose or broken con=—
nectors, unseated IC's, foreign material,
ete,

B-44, Voltage Checks, WIth the becard
instailed In +he 4200, and all connectors in
place, check the supply = and |C = voltages
according to the values shown on the schema-
tic dlagrams, Figures -2, B-3, and B=4,

g=-45, Active=Device Substitution, Alil The
active devices are socketed, making replace-
mant simple, Replace each device, one at a
time, and check for restoration of proper
performance by the Instrument,

APPENDIX B8
OPTION 4200~01B

B-46, Troubleshooting, An oscilloscope,
while not the most useful tool for
froubleshooting bus-orliented mlicroprocessor
systems, stiil may be usad to determine acti-
vity or lack of activity on the address, data
and control |ines,

'B-47. REPLACEABLE PARTS.

B-48, Table 6=2 llsts all the replaceable
parts and Tncludes; Reference Symbol,
Dese¢rlption, Mfr,, Mfrts Part No,, and the
BEC Part No.

B-49, SCHEMATICS,

B=50, Refer to Figures B2, B3, and 84 for

+the schematies for t+he 4200-01B Option,

B=-11
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APPENDIX C

INPUT CHANNEL 2
CPTION 4200-03

C-1. DESCRIPTION,

C-2. Option 4200-03 provides an addItlonal
measurement channel {channe! 2} that Is
completely simllar to channel 1 except for
mounting and lnmput connector locatleon, The
Input channel 2 connector for this channel [s
mounted on the rear panel of the Instrument,
With this optlon 1nstalled, measurements may
be made on each channel [ndividually, or both
channels can be monlteored automatically and
the dtfferenca in dB displayed. This option
consists of an lnput module, complete with
chopper, that connects +o the 40 |Ine bus and
has 1ts own power connector, Connectlons are
shown in Flgure 7-8,

C~3. INSTALLATION AND REMOVAL,

C-4, To Install and remove the Input Channel
2 Optilon, proceed as fol lows;

a, Turn the Instrument hottom up, Remove
the screws that secure the bottom cover and
slide the bottom cover back and off,

b. Instal! the rear lnput connector at the
laft slide of the rear pansl,

¢, Dress the cable from the rear Input con-
nector down *the left slde freme of the
Instrument (as viewad from the hottom of the
Instrument) and across the front sub panst,
The ¢able wlll run below the module belng
Instalied,

de Secure The cable grounding lug under the
uppermost, right-most blnder-head screw
(6~32) In the front sub=-panel,

e, Install the éhannai 2 Input module and
secure [+ to the slde frames of *he Instru-
ment with the four screws supplled.

f. Remove the four corner screws that secure
the channel 2 Tnput module cover and remove
the cover,

g. Plug the chopper Inte the channel 2 Enpuf
module, seating the chopper flrmiy,

h. Connect the 40 pin rlbbon cable connector
to the front adge cconnector of The channal 2
input module.

[. Connect the power cable suppilied to the
power supply (posiTlion 8) with the black lead
on the right side {(as viewsd from the bottom
of the Instrument), and to the Input moduie
{rear) wlth the black lead on the right,

NOTE

Avold reversa! of the two ends of this cables
thera 1s |lead transposlitien,

Je Instatl the channel 2 Input module cover
that was removed In step g.

ks Install the side covers and the bottom
covar removed In steps a and b,

1. To remove the channel 2 Input module,
reverse the above procedure.

C-5, OPERATICN,

£=6. When optlon 4200-03 Is Installed, each
of the two Input channels may be operated
with any of up to elght sensors, £Channel and
sensor data entered thirough the kaybcard are
selected as a set; that 1s, cnce a channel
salectlon followed by a sensor selection has
beaen made, subsequent selection of that chan-
nel| causes salegtion of that sensor automatl-
cally. Subsequent salection of that sensor
Through the keyboard, however, does ncot cause
autcmatic selectlon of that channel., Sensor

-asgignment tc a partlcular channe! ¢an be

changed at any time by selecting the channeli
through the kayboard, then making ancther
sensor sefectlon through +he keybcard,

C-7. Channeal 1 and channel 2 operating pro-
ceduras ars baslcally the same as those
described Tn Sectlon !l of thls manual, A
channal 3 mode of operation may also be
salected, In channal 3 mode, the {nput
levals to channels 1 and 2 are both moni-
tored, and the dl1fference between the iwo
tnputs, tn dB only, Is displayed on the
Instrument LED dlspiay. The follewing para-
meters selected for channeis 1 and 2 prior to
sglection of the channel 3 mode remaln opera-
t1ive for channel 3 mode operation:

a, Autoranglng or range hold (for each chan-
nal)-

b, Limlts (for each channel).

c. dB reference lavels {for sach channel),
d. Sensor selection.

e, Zerolng.

f. Callbratton, -

C-8. When channel 3 mode has been
selected, the followlng keys are Inactive:

a. ZERO.

b. CAL.

c. MODE PWR.

de. MODE dB8 (automatically In this mode).
a, dB LIMITS LO and ¢B LIMITS HIi,

f. dB REF LEVEL dB8.

ge. CAL FACTOR dB.,

In channel 3 mede, the !nstrument does
respond to a CAL FACTOR GHz key command,
applying the stored callbratlon factor for
each selected sensor for that freguency.
{Reter to Tables 5=-19, 5-20, 5=21 and 5-22.)
For a description of recorder output In t+he

Channel~3 mode, ses page 3-~13, paragraph
3=33¢.
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C-9,  MAINTENANCE.

C-10, The procedures used to lsclate
malfunctions To the channel Z Input module
ara simllar to those described for the chan-
nel 1 Input module Tn Section V. (Retfer to
paragraph 5-22,) Signature analysls tech-
nigues are used to Isolate defectlive parts on
the channel 2 tnput module. For convenlence,
+he slgnature analysis Information for the
channel 2 tnput module !s Included In Section
¥. (Reter to Tables 5-19, 5-20, 5-21 and
5=-22,1

C~44, REPLACEABLE PARTS.

C-45, Table 6-2 !l1sts all the replaceabls
parts and Includes; Reference Symbocl,
Descrlption, Mfr,, Mfr's Part No., and the
BEC Part No,, for the channel 2 lnput medule
which 1s ldentical to +he channel 1 [nput
module P/N 042230C1E,

C-46, SCHEMATICS.

C-47., Refer to Flgures 7-6, Sh 1 and 2 input
Module Board A6 Schematlc Dlagrams for the
channel 1 and channel 2 schematics and parts
jocation dlagram,
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APPENDIX D
REAR {NPUT

CPTION 4200-04

D-1. DESCRIPTICN.

D=2, Rear Input optlon 4200-04 provides a
socond power sensor connector on the rear
panel for those applicatlons where sensor
connection to the rear of the Instrument may
be more convenlent, The second power sensor
connactor 1s connected In parallel with the
front panel SENSQR connecter, Rafer to
Flgure 7-8,

D-3, CPERATICN,

C=-4, To operate an Instrument egqulpped with
the 4200-04 optlon, cecnnect the power sensor
cable to elther the front panel or rear panel
Input c¢channel 1 connecter, as desired, and
affix the shleld supplied with the option to
the unused connector, Then, proceed with
cparation as described in Sectlon I of the
4200 manual,

NOTE

Do not attempt to use both !nput ceonnectors
at the same time; use only one and make sure

-that the shleld 1s affixed to the other,
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OPTION 4200-06

APPENDIX E
INTERNAL TMA (MATE)
OPTION 4200-06

E-1. DESCRIPTICN,

g=2., The 4200-06 option provides [EEE-488
programmlng syntax which conforms to MATE
System Control Interface Standard. The pro-
tocol !s the ClIL subset of the ATLAS control
language,

E~3, Tha 4200-06 optlaon conslsts of the
Ttems |lsted fn Table E-1,

E-4, MATE CONFIGURATION,
E=5., The 4200-06 optlon allows two maln

modes of operatlon, selected by BIT Switch 8 .

of the Interface Board 811 Swltch as ilsted
fn Table E-2,

E~6, The MATE/natlive mode selectlion Is made
during power-on initiaiization, To change
mode, the Instrument must be turned off
before Bit Swltch 8 1s changed, When power
Is re-appiled, the new mode will be In
affect,

E-7. When the 4200-06 powers up Tan tThe MATE
compatible mode, the actlve channe! s set to
the tollowing conditlons:

a, dBm Mode

be Autorange Mode

c. High dB Limit = 99,99

d, Low dB Limit = =95.5¢

e. Raw data flag cleared

E-8, Whlla the 4200-06 is Tn 1EEE-488 LOCAL

mode, aii panei funetlons are avaiiadie to
the operator, This Includes all of the con-

ditlons preset during power-up. Wwhen The
system controller placss the 4200-06 lato the
REMCTE mode, the above Inltializatlons will
be restored. All panal controls are lnopera=’
tive whlle the 4200-06 Is In REMOTE mode,

E=9, The 2200-06 optlon supports two-channel
operation 1f the second-channel hardware [s
Tnstalled, Afttempts to access a non=existant
channel will generate an Tliegal channel
arror message., The flrst channel 1s
addressed as :CHO or :CHOO, and the second

as :CH1 or :CHOI,

-E-10, COPERATION,

E=11, Users of this optlon must be fam!llar
with the MATE standard. Oniy the specific
CtiL commands and protecols applilcabie to the
4200 are discussed In This suppisment,

E-12, A MATE measurement conslsts of the
followlng operations:

a, SETUP: FNC command
b, CLOSURE: CLS command
c., INITIATION: INX command
d. RESULT FETCH: FTH command
e, DISCONNECT: OPN command
f, RESET: RST command

E=13, Each of the flrst three steps (SETUP,
-l L] T A

] 11

r

CLOSURE and AVION} must be done 'n That
sequance. An error message w!ll be generated
1f the requlsli+e prlor steps have not been
successful ly performed,

TABLE E~1, 4200~06 Optlon |tems,

1tem P/N Locat!ion Replaces P/N

A23 04223500A A23 Interface Bd, . A23 042317010
1C6 53442800A AS Control Bd. ASICH 534317000
1C7 53442900A A5 Control Bd. ASICT 534318000

TABLE E=2, 381t Switch 51 Settings.

BIt+ Switch No,
8 7 6 5 4 3 2 1

Operating
Mode

0 = = @ =2 = = =

C X X = = = - =

Natlve (non-MATE) |EEE-483 control

MATE compatlible |EEE-488 control

Q
o

as required,

closed (Logle 0), O = open (Logle 1}, X = don't care,
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E-14, SETUP, The SETUP command syntax ls as
fol lows:

FNC ACS POWR :CHn (optional imits) <er><l{>

where :CHn = :CHO, :CHOC, :CHI, or :CHO1
<cr> = ascll return, <1f> = ascl! |line-feed

E=15, The optlenal Iimlts set minimum and
maxTmum values for power, and the operatling
frequency, These [Imits wlll default o
values approprlate for the particular sensor
In use, with the minlmum power set to -$9.9%
dBm,

E-16, W!th the 4200-4E sensor, for example,
the default limits would be:

+10,00 dBm
=99,99 dBm
200 kilohertz

MaxImum power
MIinimum power
Sfgnal frequency

E~17. Each {Im!t may be optionally set
wlthln +he FNC command string. Any limlT not
set wlli retain 1ts default value:

Command Comment

SRX PCWR value Max powsr: range = PMIN
to sensor max

Min power: range = =-99,95
dBm to PMAX

Use sensor determined
defaults

Freguency: range = sensor

min to sensor max

SRN POWR value
SET POWR AUTO
SET FREQ value

Nete: value = ascll numerlc string, fixed or
floating polnt

E-18, If no error 1s detected while parsling
+he FNC string, the actlve channel wiil be
set as determined by the :CHn modifler, and
the 1imlt-vaiues wlll be effective untlil &
new SETUP or a RESET occurs,

E=19., The following messages may be
generated while parsing the SETUF command:

a. No error: <spr<cor»<lf>

b. Unrecognlzed operand: FO7PWMOn (MODY:
ILLEGAL NOUN/NOUN MOD, zzz<cr><if>

¢. Ovperand out of sequence: FOTPWMOn (MOD}:

ILLEGAL zzz PROGRAMMED POWERMETER <cr><If1>

d, MlssIng operand(s) at end of command:
FO7TPWMOn (MOD): 1LLEGAL SYNTAX PROGRAMMED
POWERMETER <cr><Tf> :

e, Iimproper channe! command: FOTPWMOR
(DEY): |ILLEGAL CHANNEL PROGRAMMED
POWERME TER <cro<|ft>

f. MaxImum voltage cut of allowable range:
FO7PWMOn (DEV): ILLEGAL MAXIMUM PROGRAMMED
TFOWERMETER <cr></f>

g. MinTmum veltage cut of allowable range:
FO7PWMOn (MOD): ILLEGAL MINIMUM PROGRAMMED
POWERMETER <cr><lf>

£-2

. Frequency |1mit out of allowable range:
FO7PWMOn (DEV): |LLEGAL FREQUENCY PROGRAMMED

POWERMETER <cr><| >

ascll space

0 or 1

unrecognized or Tllegal
operand, fruncated to 20 char,

Notes: <sp>
n
zzz

non i

E-20, Errors b, ¢ and 4 are general syntax
errors, and may occur durlng any Improperly
constructed command string., In the sections
that follow they wlll be termed "syntax
errors", and will not be separately shcwn,

E-21. A speclal form of setup Is used to
command the auto-zercing cycle:

FNC ACS ZERP :CHn <cr><]f>

E-22; - The measurement cycle which follows
becomes 2 dummy measurement durlng which
auto-zeroing occurs, The CLS, INX and FTH
operations described below must still be per=
formed to accompllsh autozeroling,

E-23, CLOSURE, After successful SETUP, the
4200 must be CLOSED. The command syntax Is:

CLS :CHn<cr><|f>

E-24, The channel number must agree with the
current actlive channel, as set by the FNC
command string. [f 11 dees not, an Illegal
channe! message wlll be generated.

E-25, In addltlon te syntax errors, the
toiiowing messages may be generated:

2. No error: <spx<er><ify

b. Improper channei command: FO7PWMOn
(DEVY: ILLEGAL CHANNEL PROGRAMMED
FOWERMETER <cr><i{>

¢. Instrument not SETUP: FO7PWMOn (MOD):
POWERMETER NOT SETUP <er»<|f>

E«26, INITIATION. Ezch measurement must be
1NL(BHITEL b efore any result can be obtalned,
The command syntax 1s:

INX POWR <cr><if>

E=27. 1f no error conditlion 1s encountered
while parsing the above command, the 4200
computes the tlme requlred to complete The
measurament and places the time In the cutput
buffer. The output buffer !s enabled, and
the controller Is expected to read this value
and use It to determine I+s 1/0 timeout
'Yimit,

E=28, A measurement !s then Inltlated,

 Durlng this +1me, the 4200 ls able to accept

the follow-on FTH command string, but will
not return data unt!l the measurement Is
complete,

E-29, A speclal case for INX 1s created when
the ZERP neoun-mod!fler was used In the FNC
command, The tIime required to complets the
autozerc cycls wlll be returned. The result
phase (FTH) after autozerc ls aiways zerc,
unlass an error Is belng reported,
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E=30, In addition to syntax errors, the
following messagas may be generated:

2. No error: <sprdddd<er><if>

b. Instrument not SETUP: FO7PWMOn {MCD):
POWERMETER NQT SETUP <cr><if>

c. Instrument not CLOSED: FO7PWMOn (MOD):

POWERMETER NOT CONNECTED <cr><|f>

Note: d = ascl! numeric digit (0 = 9}

E-31, RESULT FETCH., The measurement value
is requested by tThe command:

FTH POWR <cr>»<|f>»

E=32. The instrument will determine 1f a
seftied reading was possibie within The
settling time |imit reported to the
centroller duriag the INX command, The
measurement value is tested against the maxi-
mum and minimum !imits established during the
SETUP command. !f no errors occur, the
reading is loaded into the output buffer;
otherwise, an error message s loaded,

E-33. Execution of the FTH ccmmand also
returns the 4200 to CLOSED and not=INITIATED
status, Any number of successive [NX - FTH
measurament cycles may be performed while
still CLOSED.

E~-34, In addition to syntax errors, the
foi lowing messages may be generated:

a. No error: <sp>»Q,ddddEsd<er><if>

b, Instrument not SETUP; FO7PWMOn (MOD):
POWERMETER NOT SETUP <cr><If>

ce Instrument not CLOSED: FO7PWMOn (MOD):

POWERMETER NOT CONNECTED <er><|t>

d. Measuremsnt not INITIATED: FO7FPWMOn
{MOD): MEASUREMENT NOT INITIAT <or><i >

e, Measurement did not settle: FOSPWMOn
{DEV): MEASUREMENT TIMEQUT <cr><Tf>

f. Moasurement exceeded maximum |imit:
FOOPWMOn (DEV): MEASURED POWER GREATER THAN

MAXTMUM <cr><it>

de Measurement less than minfmum {imit:
FO1PWMOn (DEY): MEASURED POWER LESS THAN

MINIMUM <cr><i >

Notes: s = exponent sign, +/-

' E=35, DISCONNECT, The 4200 may be logically

disconnected frem the test system by the com-
mand ;

OPN :CHn<er><if>

E-36, The channel identification must agree
with the currently active channel; otherwise
an Tllegal channel error will be generated,
The channel must have been SETUP prior to
Issuing this command,

E-37, After execution of the OPN command, it
is necassary to send the CLS command prioer to
INK and FTH commands,

APPENDIX E
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E=38, In addition to syntax srrors, the
following messages may be generated:

a, No error: <sp><cr><|f>
b. Improper channel command: FO7PWMOn

(DEVY: |LLEGAL CHANNEL PROGRAMMED
POWERME 1ER <cr><|f>

¢. Instrument not SETUP: FQO7PWMCn (MOD):
POWERMETER NOT SETUP <er»<It>

E-39, RESET. The RESET command addresses a
specific channel, clears any pending error
mess-ages and sets the 4200 to not=SETUP sta-
Tus, The syntax is:

RST ACS POWR :CHn<cra><[f>

" E=40. An iilegal channei error message is

generataed if the channel addressed does not
exist,

£=41. The IfEE=488 bus command DCL (Revice
Clear) will perform a RESET on the currently
active channel,

E-42, In addition to syntax errors, the
following messages may be generated:

a. Mo arror: <spr<er><if>
b. Improper channai command: FO7PWMOn

(DEY) : |LLEGAL CHANNEL PROGRAMMED
pﬁWEﬁME TER <cr><; >

E=43. SELF TEST. Two self-test commands are
recognized by the 4200, but the same internal
test is dene for both, The test 1s a check-
sum verification of the 4200 program memory,
The command syntax Is:

CNFer><| f> or [8T<cr><|f>

E-44, Each of these commands also does an
implied RESET, refurning the 4200 to
not-SETUP status, and clearing any pending
errors prior to self-test,

E=45, In additicn to syntax errors, the
following messages may be generated:

a. No error: <spr<er><!f>

b. Checksum error, CNF command: FO7PWMQOn
(DEV): CONFIDENCE TEST FAILURE <cro<lf>

¢, Checksum error, |ST command: FO7PWMOn
{DEV): BIT TEST FAILURE RAM/RCM <cr><|f>

E-46, STATUS CCMMAND, Messages in the out-
put buffer must be enabled prior +o being
sent to the controller. ExceptT after an INX
or FTH command, which Implicitly enable the
output buffer, the STA command must be sent
to access the current message. Wwhen the STA
command 1s received by the 4200, the no-errcr
message is !oaded unless an error message is
already prasent, and the buffer [s enabled,

A subsequenT talk command on the |EEE-488 bus
will cause the message fo be sent to the
controiler,

E=3
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E-47, Any error message in the cutput buffer
prevents further loading of the buffer until

the message is sent over the bus, or a RESET
occurs,

E-48, The symtax for the STATUS command is:

§Tacer><] >

E-49. |f no error message exists in the cut-
put buffer, the folleowing message is generes-

Ted:

2. No errors: <sp><cr><]f>

E-50. MAINTENANCE,

g-51, To perform any of the maintenance pro-
cedures outlined in Secticn 1V of the 4200
Manuai, set Interface Board it Switch & for
native mode operation., This will allow

| EEE-488 access to instrument calibration
functions., Restore the MATE configuration
after maintenance procedures are complete,

E-52, REPLACEABLE PARTS.

E-53, Table 6-2 lists all the replaceable
parts and includes; Reference Symbol,
Description, Mfr,, Mfr's Part No., and the
BEC Part Nc.

gE-54, SCHEMATICS,

£-55, Refer to Figures B2, 83, and B4 for
the schematics for the 4200-018 Option,
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APPENCIX F
CPTION 4200-5/17

APPENDIX F
REAR INPUT

OPTION 4200-5/17

F-1, DESCRIPTION,
NOTE

The =5/17 option can only be used in conjunc-
tion with the =03 option.

F=2., Rear input option 4200-5/17 provides
channel Inputs on both the front and rear
paneis so that the sensor connections to the
sacond powar sensor connector on the rear
panal for thosa applications where sensor
connection to the rear of the instrument may

be more convenient, The second power sanscr

connectar is connected in parallel with the
front panel SENSOR connector, Refer to
Figure 7=8,

F=-3, OPERATICN,

F=4, To operate an instrument equipped with
t+he 4200-~3/17 option, connect the powsr sensor
cable to either the front panel or rear panel
Input channel connector, as desired, and
affix the shieid suppiied with the option to
the unused connector, Then, proceed with
operation as described in Section {1 of the
4200 manual, :

NOTE
_Do_not attempt to use both input connectors

at the same time; use only one and make sure
that the shield Is affixed to the other,






