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SECTION 1 TECHNICAL SPECIFICATION

1.1 SPECIFICATION

1.1.1 The published specification for the Racal-Dana True RMS RF Level Meter Model
9303 is given in Table 1.1.

TABLE 1.1

Technical Specification

OPERATIONAL MODES

Measurement Functions: The 9303 measures true RMS voltage.
This measurement may be displayed in
voltage units, or converted, using a
number of stored parameters, to provide
a display of:

(1) The ratio of the measured voltage
to a stored voltage level. This
may be displayed as a numeric
ratio, or in dB.

(2) The difference between the measured
voltage and a stored voltage Tevel.

(3) The difference as in (2) expressed
as a percentage of the stored
voltage level.

(4) True power, computed as V2/R, where
R is a stored resistance value.

(5) The ratio of the computed power to
a stored power Tlevel. This may be
displayed as a numeric ratio, or in
dB. When the display is in the dB
and the stored power level is 1 mW,
the display units annunciator
indicates dBm.

(6) The difference between the computed
power and a stored power level.

(7) The difference as in (6) expressed
as a percentage of the stored power
level.
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TABLE 1.1 (Continued)

Technical Specification

ELECTRICAL CHARACTERISTICS

Frequency Range: 10 kHz to 2 GHz.

Voltage Range: 30 uv to 3.162 V r.m.s. over the
frequency range from 10 kHz to 700 MHz.
30 uv to 1 V r.m.s. over the frequency
range from 700 MHz to 2 GHz.
The instrument operates in nine voltage
ranges having full scale readings of

316.2 uv
1 mv
3.162 mV
10 mv
31.62 mV
100 mv
316.2 mV
1V
3.162 V

True Power Range: In a 50 @ system:
20 pW to 200 mW over the frequency range
from 10 kHz to 700 MHz.
20 pW to 20 mW over the frequency range
from 700 MHz to 2 GHz.

dBm Range: In a 50 Q system:
-77 dBm to +23 dBm.

Input Impedance: With the measuring head terminated by
the matched load supplied:
50 @ nominal.
Unterminated measuring head (at Tlow

frequencies):
Approximately 100 k@ 1in parallel with
20 pF.

Input VSWR: With the measuring head terminated by

the matched load supplied:
Better than 1.1 up to 1 GHz.
Better than 1.5 at 2 GHz.

9303
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TABLE 1.1 (continued)

Technical Specification

ELECTRICAL CHARACTERISTICS (continued)

Measurement Accuracy:

The measurement accuracy,

relative to

the measuring head frequency response
curve, for voltage measurements is given

in

the table

which follows. The

following points should be noted:

(1)

The quoted accuracy for the
temperature ranges from O00C to
+180C and from +280C to +550C will
only be obtained if a USER ECAL
factor, measured using the 9303
calibrator at a temperature within
+50C of the operating temperature,
is used.

The accuracy will be maintained for
the quoted period from the date of
FACTORY ECAL prior to despatch, or
from the date of a FACTORY ECAL
performed by the customer using the
9303 calibrator.

+189C to +28°C 0°C to 189C and +289C to +55°C
AT 10kHz to 500 MHz to AT 10kHz to 500 MHz to
PERIOD RANGE CAL. FREQ. | 500 MHz 2 GHz CAL. FREQ. | 500 MHz 2 GHz
3.162 V and
N6 2.0+ 0.1 | 3.5+ 0.1|6.0+ 0.1 ||2.5+ 0.2 | 5.0+ 0.2]8.0+ 0.2
6 MONTHS
1mtolV | 1.0+ 0.1 | 2.5+ 0.1 5.0+ 0.1 || 1.5+ 0.2 | 4.0+ 0.2 | 7.0+ 0.2
gié?g zvand 2,26+ 0.1 | 3.75+0.1 | 6.25+0.1 || 2.75+ 0.2 | 5.25 + 0.2 | 8.25 + 0.2
12 MONTHS
1mvtolV | 1.26+ 0.1 | 2.75+ 0.1 | 5.25 + 0.1 || 1.75 + 0.2 | 4.25 + 0.2 | 7.25 + 0.2
e =20x10° e =30 x 107°
VOLTAGE MEASUREMENT ACCURACY
(% OF READING + % OF RANGE)
1-3
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The error (in voltage units) in the measurement obtained will not exceed the
figure calculated from:

Maximum Error = % M x %M + R x %R + M2 + e2 - M
100 100

Where M is the measurement indication obtained, in volts
%M is the % of measurement figure from the table
R is the full scale value of the range in use, in volts
%R is the % of range figure from the table
e is the offset error from the table

Since e is added in RSS fashion it has greatest effect when the measured
value is low.

Worked Example

Consider measurements being made at a temperature within the range from
+189C to +28°C, within six months of a FACTORY ECAL.

Suppose the measurement indication is 400 uV, using the 1 mV range, and the
signal frequency is 500 kHz (calibration frequency).

From the table: WM = 1.0
%R = 0.1 6
e =20 x 10°

The error will not exceed

. (400x10‘6x1 . 1x107%x0.1
“\ 100 T00

+ ,/16x104x10'12 + 4x10%x10°12 . 400x1076

N (4x10'6 + 1x1070 + J160400x10’12 - 400x10‘6)

"
i+

(4x1076 + 1x107® + 400.5x10°® - 400x10)

I+

5.5 w

The maximum error in the power indication is obtained from the maximum
voltage error as follows:

Voltage uncertainty is 394.5 uV to 405.5 uV
In a 50 Q system the equivalent power uncertainty,
calculated from VZ/R, is 3112 pW to 3288 pW

= 3200 pW * 88 pW

The maximum power error is therefore * 0.088 nW.
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TABLE 1.1 (Continued)

Technical Specification

ELECTRICAL CHARACTERISTICS (continued)

Frequency Response: For frequencies above 500 MHz a spot
frequency correction factor, obtained
from the frequency response curve on the
measuring head, should be applied. This
factor may be stored in the instrument
to give automatic correction of the
displayed measurement.

Insertion Loss: A graph showing the wvariation of
insertion loss with  frequency is
provided on the measuring head. The
vertical scale of this graph is 0 to
3 dB in steps of 0.5 dB.

Crest Factor: The range of crest factor of the
measured waveform over which the
specified accuracy will be maintained is
shown in Fig. 1.1.

~
-»

~
4

235

;CRES'BFACIO:'.MB)_.
//
P

L ol |
P
o

P

P

— %

0-3my mv 3my l&‘nv 30my 100my 300mv v v

nw 20nw 200nW 2uW 20uW 200w Zmw 20mw 200mw
INPUT SIGNAL LEVEL ——»

2

Fig. 1.1 Input Waveform Crest Factor Limits
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TABLE 1.1 (continued)

Technical Specification

ELECTRICAL CHARACTERISTICS (continued)

Maximum Input Level:

Averaging Time:

Analogue Setting Time:

Input Connector:

The maximum input signal levels which
can be tolerated without damage to the
measuring head are:

For the measuring head alone (in line or
unterminated) 20 V peak-to-peak *100 V
DC.

For the measuring head terminated with
the matched 50 @ load, 7 V r.m.s.
including any DC Tlevel present (1 W
maximum) .

The period between display updates,
during which a number of measurements
made are averaged, can be set in steps
of 0.1 second between 0.1 second and
99.9 seconds (nominal). On switching on
a value of 1 second is adopted
automatically.

A settling time of 3 seconds should be
allowed after the application of the
signal to be measured. This is
independent of the averaging time in
use.

The measuring head is fitted with one
male and one female Type N connector.

MECHANICAL CHARACTERISTICS

Instrument Dimensions:

Measuring Head Dimensions:
(including connectors)

Instrument Weight:

Height: 104 mm
Width: 440 mm
Depth: 403 mm

Length: 125 mm
Width: 45 mm
Depth: 37 mm

Approximately 6 kg.
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TABLE 1.1 (continued)

Technical Specification

POWER SUPPLIES

Voltage:

Frequency:

Power Consumption:

A four range supply voltage selector is
provided to accept 100 V. 115 V. 215 V
or 230 V AC +10%.

45 to 440 Hz.

Approximately 50 VA.

ENVIRONMENTAL SPECIFICATION

Operating Temperature:

Storage Temperature:

Humidity:

Electromagnetic
Compatibility:

09C to +55°C.

-40%C to +70°C.

Corruption of the non-volatile memory
congents may occur at temperatures below
-20%C.

95% RH at +40°cC.

The instrument is designed to
conform with TS 1400, Class A.

ACCESSORIES PROVIDED

Power Lead:

Fuse for 90/127 V
Operation:

Operator's Handbook:

Part number 23-3227

Part number 23-0052
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TABLE 1.1 (Continued)

Technical Specification

OPTIONAL ACCESSORIES

High Impedance Probe:

Low Capacitance Probes:

19-inch Rack Mounting Kit:

Additional Measuring Head:

X10, complete with Type N to BNC
adaptor. Part number 11-1512,

20 dB, complete with Type N to BNC
adaptor. Input impedance 500 Q. Part
number 11-1573,
40 dB, complete with Type N to BNC
adaptor. Input impedance 5 kQ. Part
number 11-1574.

Part number 11-1496.

Measuring head complete with matched
50 Q load.

With 1 metre cable, part number 11-1478
With 2 metre cable, part number 11-1540

GPIB INTERFACE

Function Subsets:

Interface type:

The interface operates in accordance
with the following IEEE/IEC defined
subsets:

Source handshake SH1
Acceptor handshake AH1

Talker T5

Extended talker TEOQ
Listener L4

Extended listener LEO
Service request SR1
Remote local RL1
Parallel poll PPO
Device clear DC1
Device trigger DTl
Controller co

The interface uses open collector
drivers, and is a type El interface as
defined by IEEE standard 488.
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TABLE 1.1 (Continued)

Technical Specification

GPIB INTERFACE (continued)

Address Setting:

Measurement Modes:

Qutput Format:

Optional Accessory:

Five rear panel mounted switches allow
the selection of any one of 31 pairs of
addresses. Each pair consists of a talk
and a listen address. The talk and
listen addresses in a pair are
distinguished by the 1logic 1levels on
data Tines DIO 6 and DIO 7. These logic
Tevels are decoded by the 9303 when in
the Tlisten state, or set by the 9303
when in the talk state without operator
action.

A sixth switch enables the 9303 to be
put to the talk only mode.

When addressed via the GPIB two
measurement modes are available:

(1) Continuous mode: The dinstrument
performs continuous measurement
cycles. The last measurement taken
is put onto the bus when the
instrument is put 1into the talk
state,

(2) Single mode: The instrument
performs a single measurement cycle
in response to a trigger command
(which may be addressed or the GET
command). The measurement taken is
put onto the bus when the
instrument 1is put into the talk
state. The instrument can be set
to generate a service request (SRQ)
when the measurement is complete.

When in the talk only mode the
instrument performs continuous
measurement cycles in accordance with
the front panel control settings. The
last measurement made is put onto the
bus in response to a signal on the NRFD
control line.

The output data word consists of a
string of twelve ASCII characters.

Adaptor to convert to IEC 625-1 GPIB.
Racal-Dana part number 23-3254
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SECTION 2 GENERAL DESCRIPTION

2.1
2.1.1

2.1.2

2.1.3

2.1.4

2.2
2.2.1

3303

INTRODUCTION

The Racal-Dana RF Level Meter Model 9303 is a versatile, microprocessor
controlled instrument. It will make measurements on signals having crest
factors up to 15 and r.m.s. voltage levels between 30 uV and 3.162 V. The
instrument has an auto ranging facility, but provision for manual setting
of the range is provided.

The full quoted accuracy is obtained over a frequency range from 10 kHz to
2 GHz. The instrument features an auto calibration facility. The
calibration factors relating to the measuring heads are stored during the
calibration procedure, and are used to adjust the displayed measurement
without further operator action. A calibration signal source is provided
for use should re-calibration of the measuring heads become necessary.

The instrument measures the true r.m.s. voltage of the applied signal.
This may be displayed in voltage units, or converted to:

(a) Indication of power, computed as VZ/R, where R is a resistance
value stored in the instrument.

(b) Indication of power relative to a power level which has been
stored in the instrument. This may be displayed as a numeric
ratio or in dB.

(c) Indication of the percentage difference between the measured
voltage or the computed power and a voltage or power level which
has been stored in the instrument.

(d) Indication of the difference between the measured voltage or the
computed power and a voltage or power level which has been stored
in the instrument.

(e) Indication of the ratio of the measured voltage to a voltage level
which has been stored in the instrument. This may be displayed as
a numeric ratio or in dB.

The instrument features a large, four digit, liquid crystal display (LCD).
Coarse and fine light dot displays form part of the display, and provide a
pseudo-analogue form of indication. Units annunciators, operation limit
warning indicators and calibration factor indicators are also
incorporated.

MEASURING HEAD

Measurements are made via a measuring head, connected to the instrument by
a cable. Measuring heads with 1 metre and 2 metre cables are available.
The head is provided with a matched 50 ¢ load for use when the instrument
is to act as the system termination, but may be used to make in-line
measurements in an accurate 50 o system. The head may also be used with a
50 o attenuator, or in conjunction with passive probes. The measuring



2.2.2

2.2.3

2.3
2.3.1

2.3.2

2.4
2.4.1

2.5
2.5.1

head calibration procedure allows the measurement of a calibration factor
for the head alone, and the measurement of an additional calibration
factor relating to any measuring head attachments in use. The calibration
factors are stored separately, and can be separately enabled and disabled.

The measuring head used determines the measurement frequency response.
Each head is provided with its own response curve, a correction factor
from which can be stored in the instrument to give automatic correction of
the displayed measurement at the selected spot frequency. The entry of a
spot frequency calibration factor acts in addition to the calibration
factors stored during the measuring head calibration procedures.

Two measuring heads may be connected to the instrument, one at the front
and one at the rear. Correction factors for both heads may be stored, the
appropriate factor being selected as the measurement function is switched
between the heads.

REDUCTION OF DISPLAY JITTER

The instrument has a variable averaging time, which may be set by the
operator to ensure minimum jitter of the measurement indication when
measurements are made on waveforms of high crest factor. The period over
which measurements are averaged may be varied in steps of 0.1 second
between 0.1 second and 99.9 seconds (nominal).

The display updating rate is set by the averaging time in use. To avoid
the necessity for unacceptably low updating rates, continuous averaging of
the measurements can be introduced by means of a special function. In
this mode the display is updated every 0.1 second, the new displayed value
being formed by adding N% of the current displayed value to (100-N%) of
the new measurement. The effect of this 1is similar to filtering
successive measurements in a single pole RC filter. The value of N is
related to the time constant of the effective filter, which can be set by
the operator.

NOISE CANCELLATION

As part of the measuring head calibration procedure the signal due to
noise is measured and stored. This figure is subtracted from subsequent
measurements to provide noise cancellation.

MEASUREMENT PRINCIPLES

Samples are taken of the voltage across the strip line conductor in the
measurement head. The sampler output is passed through a variable gain
amplifier, to provide different operating ranges. A second sampling
system is used to convert the amplifier output to a low frequency signal
having a true r.m.s. value proportional to that of the measured signal. A
direct voltage proportional to the r.m.s. value of this signal is
obtained, using a 1linearised transconductance multiplier in a feedback
loop.
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To ensure that errors do not arise due to the first sampling frequency
being a sub-harmonic of the measured signal frequency, a pseudo-random
sampling waveform is generated from the output of a swept frequency
oscillator.

The multiplier loop output is converted to digital form for processing by
the microprocessor. The signal may be converted directly to a display
segment drive signal, giving a display in voltage units, or processed,
together with the contents of various internal stores, to provide power,
percentage difference or difference displays.

STORAGE OF FRONT PANEL SETTINGS

Provision is made for the storage of up to 12 complete sets of front panel
control settings, including the relevant calibration factors and computed
function stores contents, in a non-volatile memory. Each setting is
allocated a number, and can be retrieved by recalling that number.

GPIB INTERFACE
An internally mounted interface board permits the instrument to be
controlled from and communicate with the IEEE 488 GPIB. The instrument

may be used in the addressed mode or in the talk only mode. An adaptor to
permit use with the IEC 625-1 GPIB is also available.

MAINTENANCE
It is recommended that customers should take advantage of the servicing

and calibration service offered by Racal-Dana Instruments Ltd., and their
agents.
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SECTION 3 PREPARATION FOR USE

3.1
3.1.1

3.2
3.2.1
3.2.1.1

3.2.1.2

3.2.2
3.2.2.1

9303

INTRODUCTION

This section contains instructions concerning all tasks which must be
performed before taking the 9303 into use for the first time, or when the
instrument is used at a new location. It dincludes instructions for
mounting the equipment in an equipment rack, if this is required, and for
preparing the instrument for connection to a GPIB controlled system.

POWER SUPPLY
AC VOLTAGE RANGE SETTING

The supply voltage setting is varied by changing the position of a small
printed circuit board, located under the fuse on the rear panel. The
setting in use can be seen through the clear plastic fuse cover.

If it is necessary to change the voltage range proceed as follows:

(a) Switch the instrument off, and remove the line power socket.
(b) Stide the clear plastic fuse cover to the left, to expose the
fuse.

(c) Pull the 1lug marked FUSE PULL out and to the left. This will
remove one end of the fuse from its holder. Remove the fuse.

(d) Using a pair of snipe nosed pliers, pull out the voltage setting
board from beneath the fuse holder.

(e) Reinsert the board so that the required voltage range can be read

the correct way up, when viewed from above, looking at the rear of
the instrument.

(f) Push the lug marked FUSE PULL back into position.

(g) Insert the correct fuse for the range selected into the fuse
holder.
(h) Slide the clear plastic cover to the right until it is clear of

the line power plug. Insert the line power socket.

LINE FUSE

Check that the 1line fuse rating is correct for the 1local AC supply
voltage. The fuse is a %in x 1% in glass cartridge, surge resisting
type. The Racal-Dana part numbers for replacement fuses are:-

90 V to 127 V supply 500 mAT 23-0052
193 V to 253 V supply 250 mAT 23-0056
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DC FUSE

Check that the DC fuse fitted to printed circuit board 19-1014 s
serviceable, and of the correct rating. The fuse should be a 1.6 AT,
surge resisting, 4 in x 14 in glass cartridge type, Racal-Dana part number
23-0055. Instructions for the removal and replacement of the covers are
given in paragraph 3.5.

POWER LEAD

The power lead must be fitted with a suitable connector in accordance with
the standard colour code.

European American
Live Brown Black
Neutral Blue White
Earth(Ground) Green/Yellow Green

CONNECTION OF MEASURING HEADS

Connect the measuring head(s) to the appropriate INPUT socket(s). The
instrument is supplied with a single measuring head, which bears the same
serial number as the instrument, and is calibrated to permit this head to
be used in either INPUT socket. If an additional measuring head is
obtained, a FACTORY ECAL for this head must be performed in one INPUT
socket in accordance with the instructions given in Section 4. This will
destroy the calibration factor for that socket relating to the original
head. The heads must then only be connected to the sockets calibrated for
their use.

If the measuring head is connected to make through-line measurements,
measurement accuracy may be adversely affected by the system VSHWR.

If the measuring head is required to form a 50 Q@ termination to a signal
circuit it should be terminated with the matched 50 Q load provided. If
the signal is to be connected to the measuring head via a 50 Q attenuator
a USER ECAL factor for the measuring head and attenuator can be measured
and stored. The procedure for this is given in Section 4. When enabled,
this factor will compensate for the attenuator value.

The input impedance of the unterminated measuring head at low frequencies
is approximately 100 kQ in parallel with 20 pF, but the head may be used
with passive probes to achieve other input impedances. If this is done a
USER ECAL factor should be measured and stored and a calibration factor
should be calculated and stored for use with the combination, as

instructed in Section 4.
Customers requiring advice on the use of the 9303 in special systems

should provide full details of the proposed application to Racal-Dana
Instruments at the address given on the title page of this manual.
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3.4 FITTING THE FIXED RACK MOUNTING KIT 11-1496

3.4.1 The kit contains a pair of mounting brackets and four screws. The method
of fitting the kit is shown in Fig. 3.1. The fitting procedure is as
follows:

(a) Switch off the instrument and the AC supply. Remove the 1line

power socket.

(b) Stand the instrument upside down on a bench, and remove the two
screws from each of the plastic mouldings at the rear corners of
the instrument. Remove the mouldings.

(c) Slide the bottom cover towards the rear of the instrument by about
1 inch, and 1ift the cover off.

(d) Remove the bench feet from the bottom cover by removing the
retaining screw from each foot. Replace the bottom cover.

(e) Remove the side trim panels by sliding them to the rear of the
instrument. Replace and secure the plastic mouldings removed 1in
(b).

(f) Remove the two screws securing the handle at one side of the

instrument, Do not remove the handle.

(g) Position a bracket from the kit at the side of the instrument, so
that the two holes in a flange are positioned over the holes for
the handle securing screws.

(h) Secure the handle and bracket, using two of the countersunk headed
screws from the kit.
(3) Repeat (f) to (h) at the other side of the instrument.
/POZIORIV RETAINING SCREWS (2}
N <

REMOVE & STORE
2 RETAINING SCREWS

REAR CORNER
MOULODING

REMCYE SIDE
PANEL AND STORE

RETAINING SCREWS
FROM KIT (2}

N\,

7

HANOLE

MOUNTING BRACKET

Fig. 3.1 Fitting the Fixed Rack Mounting Kit
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3.5

3.5.1

3.6
3.6.1
3.6.1.1
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REMOVAL AND REPLACEMENT OF THE COVERS

WARNING:

(a)

(b)

(c)

PREPARAT
INTERFAC

DANGEROUS AC VOLTAGE LEVELS ARE EXPOSED WHEN THE COVERS ARE
REMOVED WITH THE AC SUPPLY CONNECTED.

Switch off the instrument and the AC supply. Remove the 1line
power socket.

Stand the instrument on its front handles, and remove the two
screws from each of the plastic mouldings at the rear corners of
the instrument. Remove the mouldings.

The covers can now be removed by sliding them towards the rear of
the instrument. Note that the removal of the plastic mouldings
also releases the side trim panels, which should either be removed
or secured by replacement of the mouldings.

The covers are replaced in the reverse manner. Note that the
straight, unfolded edge of the cover fits to the front of the
instrument, and locates in a groove in the rear face of the front
panel. The rear edge of the cover is folded under, and locates in
a groove in the rear panel.

ION FOR USE WITH THE GPIB
E CONNECTOR

Connecti
pin assi
23-3254,
as an op

on to the GPIB is made via an IEEE 488 standard connector. The
gnment is given in Table 3.1. An adaptor, Racal-Dana part number

to convert the connector to the IEC 625-1 standard is available
tional accessory.

TABLE 3.1

GPIB Connector Pin Assignment

Pin Signal Line Pin Signal Line
1 pIO 1 13 DIO 5

2 DIO 2 14 DIO 6

3 DIO 3 15 DIO 7

4 DIO 4 16 DIO 8

5 EOI 17 REN

6 DAV 18 Gnd. (6)

7 NRFD 19 Gnd. (7)

8 NDAC 20 Gnd. (8)

9 IFC 21 Gnd. (9)

10 SRQ 22 Gnd. (10)

11 ATN 23 Gnd. (11)

12 SHIELD 24 Gnd. (5 and 17)
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3.6.2
3.6.2.1

3.6.2.2

9303

ADDRESS SETTING

The interface address is set on five rear panel mounted switches. The
right hand switch, as viewed from the rear of the instrument, is for bit
1, the least significant address bit. The permitted address settings, in
decimal and ASCII character form, are given in Table 3.2. The instrument
is despatched with the address switches set to ASCII , (listen) and
ASCII L (talk). The address set, in decimal format, can be displayed by
pressing

/RECALL//SHIFT//LOCAL/.
The sixth switch, when put to the logic 'l' position, puts the interface

into the talk only mode. With the switch in this position the settings of
the first five switches are irrelevant.
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Instrument
despatched
with this
setting

ADDRESS CODES

TABLE 3.2

DECIMAL
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SECTION 4 OPERATING INSTRUCTIONS

4.1
4.1.1

4.1.2

4.2

4.2.1

4.2.2

9303

INTRODUCTION

The first part of this section contains instructions for operating the
9303 using the front panel controls. This information is given in two
forms. The purpose of each control is given in paragraph 4.2. This is
followed by specific instructions on how to calibrate the instrument for
use with different measuring head attachments, and how to set the
instrument to make particular types of measurement.

Information regarding the control of the instrument using the GPIB is
given, commencing at paragraph 4.21. It is essential that the operation

of the instrument using the front panel controls is understood before
operation using the GPIB is attempted.

DESCRIPTION OF CONTROLS, INDICATORS AND CONNECTORS

Each group of controls or connectors described is numbered to correspond
with the indicators on Fig. 4.1 (front panel) or Fig. 4.2 (rear panel).

FRONT PANEL ITEMS

<:> Display: A custom-built, Tliquid crystal display 1is

used. It incorporates the following
indicators:

(a) Four digit alpha-numeric display.
This display, with decimal point and
sign indicator, is used primarily to
indicate the value of the measured
quantity. It may also be wused to
display the values held in the
instrument's internal stores, or to
indicate certain types of error.

(b) Units annunciators.
These indicate the units of the
measurement being displayed.

(c) Compute function indicators.
These indicate when the measurement
functions requiring computation by the
microprocessor (ratio, % difference,
difference (nuil) or vrelative power
(dB)) are in use.

(d) CF indicator.
This provides warning that the
calibration of the instrument has been
changed by the introduction of operator
set calibration factors.

4-1



4-2

®

®

®

Range Control Keys:

METER Key:

Primary Measuring
Function Keys:

(e) GPIB indicators
These indicate whether the instrument is
under remote or local control, whether
it is talking or Tlistening and whether
it is generating a service request.

(f) Analogue display

This 1is a two part, coarse and fine
light dot display. The upper, coarse,
section has ten dots, and indicates the
measured value to within -0%, +10% of
full scale. The lower, fine, section
also has ten dots, representing sub
divisions of the coarse section. The
overall indication 1is therefore within
-0% and +1% of full scale.

The coarse section of the display is
enabled automatically when manual range

selection 1is in use. The complete
display may be enabled by pressing
/METER//METER/
/MANUAL /

This key selects the auto-ranging and manual
ranging modes on alternate operations. The
appropriate indicator will light to show the
mode in use. On switching from auto to
manual no change of range will take place.

/STEP UP/ and /STEP DOWN/

These keys permit the next range above or
below the one in use to be selected when in
the manual ranging mode. If these keys are
operated when the instrument is in the auto-
ranging mode, the manual ranging mode will be
selected and the appropriate change of range
will occur.

This switches the analogue display on and off
on successive operations.

The coarse part of the analogue display is
switched on automatically when the manual
ranging mode is selected. It will be
switched off by the first operation of the
METER key, subsequent operations of the key
controlling the complete analogue display.

These keys allow the measured value

to be displayed in voltage or power units.
The appropriate indicator will light to show
which function is in use.

The instrument measures true r.m.s. volts.
When display in power units is demanded, the
measured voltage 1is converted using the
resistance value stored in the Q store.

9303
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Computed Measuring
Function Keys:

Calibration Key:

These keys allow one of the four computed
measuring functions to be selected. The
appropriate indicator will light to show the
function selected.

If the Voltage primary measuring function is
in use the computations for all four
functions will be performed in voltage units.
If the Watts primary measuring function is in
use the computations for the ratio, %
difference and difference (null) functions
will be performed 1in power units. The
resistance value stored in the Q store is
used in the conversion from voltage to power
units. The computation for the relative
power (dB) function is always performed in
voltage units.

The keys also act as the address keys for the
computed function stores. The LED adjacent
to the appropriate key will 1light when a
stored value is recalled.

The key 1is used without /SHIFT/ for the
following purposes:

(a) Successive operations of the key will
enable and disable the <calibration
factor for the measuring head in use.
The indicator will 1ight when the
calibration factor is enabled.

(b) The sequence/RECALL//CAL FACTOR/ will
result in the display showing the
current value held in the calibration
factor store.

(c) The sequence/STORE//CAL FACTOR/ will
store the number shown on the display in
the calibration factor store. (The
number displayed will have been set by
means of the numeric keys).

The key is used with /STORE//SHIFT/ to
measure and store a USER ECAL factor
relating to any  measuring head
attachments which are used. This
calibration factor is enabled, and
disabled by successive operations of
/SHIFT//EXT CAL/. The indicator will
light when the USER ECAL factor is
enabled. The indicator will flash,
following switching on of the
instrument, if the measuring head ECAL
factor, stored in the non-volatile
memory, is corrupted.
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Front/Rear
Selector Key:

SHIFT Key:

STORE Key:

RECALL Key:

CONTINUE Key:

Numeric Keypad:

This selects the front or rear measuring
head on successive operations. The
appropriate indicator will light to show
the head in use. Selection of the
measuring head also selects, but does
not necessarily enable, the appropriate
head USER ECAL factor or any frequency
calibration factor stored.

Pressing this key results in the next
key pressed performing its shifted
function. The shift operation affects
the next key operation only, and cannot
be continuously set.

This key is used, in conjunction with a
store address key, to enter values in
the instrument's internal stores. The
instrument returns to the measurement
mode when storage 1is completed. The
indicator lights when the key s
pressed, and is extinguished when
storage is completed.

This key is used, in conjunction with a
store address key, to recall values from
the instrument's internal stores. The
use of the key stops the instrument
measuring, SO that the recalled
information can be shown on the display,
except in the case of recall of complete
front panel settings. In this case the
instrument returns to the measurement
mode, with the recalled values set, as
soon as the recall action is completed.
The indicator 1lights when the key is
pressed, and is extinguished when the
instrument returns to the measurement
mode, or when a new value is entered
into store.

Operation of this key returns the
instrument to the measurement mode
following the display of the contents of
the instrument's internal stores.

These keys, used without /SHIFT/,
provide the means of setting, on the
display, values to be entered in the
instrument's internal stores. A CE key
is included to allow clearance of
entries containing errors.
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(13 CALIBRATOR Socket:

INPUT Socket :

®) LINE Switch and
Indicator:

REAR PANEL TTEMS

CAL OUTPUT Socket:

The keys are used, with /SHIFT/, to add
units annunciators to values to be
stored, to address the Q and response
time (average) stores, to display the
full scale deflection value of the
measurement range in use and to select
the special functions (SF). Pressing
/SHIFT//LOCAL/ will return the
instrument to local control from remote
control via the GPIB except when the
instrument 1is operating in the remote
control with local lockout mode (RWLS).

This socket provides a 0dBm in 50 @
calibration signal for use when carrying
out the measuring head calibration
procedure. The output has a 500 kHz
pulse waveform of approximately unity
mark/space ratio. The output s
normally disabled but may be enabled by
means of special function commands
entered via the front panel controls.

The rear panel CAL OUTPUT socket is
wired in parallel with the CALIBRATOR
socket. The correct output level is
given when one socket only is loaded
with 50 Q.

This socket accepts the front measuring
head cable. The socket is connected to
the measuring circuit when the FRONT
indicator is 1lit.

This switch controls the AC supply to
the instrument power supply circuit.
The indicator lights when the instrument
is switched on.

This socket provides a 0dBm in 50 Q
calibration signal for use when carrying
out the measuring head <calibration
procedure. The output has a 500 kHz
pulse waveform of approximately unity
mark/space ratijo. The output s
normally disabled, but may be enabled by
means of special function commands
entered via the front panel controls.

The front panel CALIBRATOR socket 1s
wired in parallel with the CAL OUTPUT
socket. The correct output level is
given when one socket only is loaded
with 50 Q.
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INPUT Socket:

GPIB Socket:

Address Switches:

Supply Voltage Range
Selector:

Line Fuse:

Line Power Plug:

This socket accepts the rear measuring
head cable. The socket is connected to
the measuring circuit when the REAR
indicator is 1it.

This socket is wired for direct
connection to the IEEE 488 bus. An
adaptor to permit the instrument to be
used with the IEC 625-1 bus is available
as an optional accessory.

The five left hand switches allow one of
31 Listen/Talk address pairs to be
selected. Putting a switch to the wup
position represents a logic 'l'. The
right hand switch represents the least
significant bit (bit 1, on DIO 1).

The sixth switch, when put to the up
position, selects the talk only mode.
The setting of the remaining address
switches is then irrelevant.

This allows the selection of one of

four 1line voltage ranges. The range
selected can be read on the selecting
plate through the clear plastic cover.

The fuse is a % in x 1% in glass
cartridge pattern, and should be of the
anti-surge type.

The power input plug incorporates a

filter, and external supply filtering
should be unnecessary.
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4.4
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4.4.1.1
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SWITCHING ON

The equipment should be prepared for use in accordance with the
instructions given in Section 3. If the instrument is being used for the
first time, or at a new location, pay particular attention to the setting
of the supply voltage range selector. Check that each measuring head is
connected to the INPUT socket calibrated for its use.

Connect the instrument to the AC supply, and set the LINE switch to ON.
Check that the LINE indicator 1lights. The front panel indicators will
show:

(a) AUTO mode
(b) VOLTS measurement function
(c) FRONT panel INPUT socket selected

The display will show ACAL, to indicate that an automatic internal
calibration is being performed.

After approximately 10 seconds the ACAL indication on the display will be
removed. Unless inhibited from doing so by the use of SPECIAL FUNCTION
20.2 (see paragraph 4.19) the instrument will carry out further internal
calibrations automatically. When this occurs the ACAL indication will
reappear in the display.

MEASURING HEAD CALIBRATION
THE FACTORY ECAL

The 9303 1is supplied with a single measuring head, which bears the same
serial number as the instrument. Before despatch the instrument is
calibrated to permit this measuring head to be used in either INPUT
socket. The resulting external calibration (FACTORY ECAL) factors are
stored in the instrument's non-volatile memory, and the factor relating to
the INPUT socket selected is enabled at all times when the instrument is
in use. It will be necessary to re-calibrate one or both INPUT sockets if
an additional or a replacement measuring head is obtained, or if the non-
volatile memory contents become corrupted. This may be done with the
measuring head connected to the measured signal circuit, or using the
special CALIBRATOR outputs on the front and rear panels. For in situ
calibration an accurate signal of 223.6 mV, true r.m.s., is required. The
head should be terminated with the same 1lcad as will be used while
measurements are made. If the 9303 CALIBRATOR outputs are to be used, the
head should be terminated with the matched load supplied and connected to
the appropriate CALIBRATOR socket.

NOTE: The front and rear CALIBRATOR outputs are wired in parallel. The

sockets must NOT both be loaded at the same time at any point in
the calibration procedure.
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4.4.1.2.1

4.4.1.2.2

4.4.1.2.3

4.4.1.3.
4.4.1.3.1

4.4.1.3.2

4.4.1.3.3
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Using the CALIBRATOR Sockets

When the 9303 CALIBRATOR outputs are used the FACTORY ECAL sequence is
started by pressing

/7/70//.//1//SHIFT//SF/.

An ECAL indication will appear in the display. The front measuring head
will be calibrated and the FACTORY ECAL factor stored. The CALIBRATOR
output will be automatically switched off, and the signal due to noise
will be measured and stored. The ECAL indication will disappear when the
procedure is complete.

The rear measuring head and CALIBRATOR output are selected by pressing
/REAR/.

The FRONT indicator will be extinguished and the REAR indicator will light
A second FACTORY ECAL cycle is started by pressing

/7//0//.//1//SHIFT//SF/.
If, during the calibration procedure, the ECAL factor measured is outside
the range from 0.9 to 1.1, or the measured noise exceeds 300 uV, the out
of range value will not be stored.

Using an External Calibration Source

When using an external calibration source two calibration sequences are
required for each measuring head, as the FACTORY ECAL factor and noise
must be measured separately. The measurement of the FACTORY ECAL factor
must be carried out first.

Connect the measuring head to the calibration source and switch the source
on. Press

/7//0/7.//1//SHIFT//SF/.

An ECAL indication will appear in the display and the front measuring head
FACTORY ECAL factor will be measured and stored. The instrument will then
carry out a noise measurement, and, since the calibration source will be
switched on, will measure an excessive noise input.

Switch off the calibration source and initiate a second calibration
sequence by pressing

/7//0//./7/1//SHIFT//SF/.

The ECAL indication will reappear and a second measurement of FACTORY ECAL
factor and noise will be made. Since the calibration source is switched
off the FACTORY ECAL factor measured will be out of range, and the value
measured during the previous calibration cycle will not be over-written.
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The instrument will then measure and store the noise value. Once
satisfactory calibration has been achieved the instrument will return to
the measurement mode automatically.
The rear measuring head is calibrated by pressing

/REAR/
and repeating the procedure of paragraphs 4.4.1.3.2 and 4.4.1.3.3.

THE USER ECAL

The FACTORY ECAL factor is measured and stored under conditions such that
measurements of the specified accuracy will be obtained in a normal
working environment over the temperature range from 180C to 289C. If the
9303 1is to be used in a special environment where this calibration is
likely to be invalidated, e.g. at high temperature, an additional USER
ECAL factor, for use in that environment only, can be measured and stored.
The USER ECAL factor can be enabled and disabled as required, so that the
FACTORY ECAL of the instrument for use in a normal environment is not
affected.

The measurement of the USER ECAL factor may be made with the measuring
head connected to the measured signal circuit, or using the special
CALIBRATOR outputs on the front and rear panels. For in situ calibration
an accurate signal of 223.6 mV, true r.m.s., is required. The head should
be terminated with the same load as will be used while measurements are
made. If the 9303 CALIBRATOR outputs are to be used the head should be
terminated with the matched load supplied and connected to the appropriate
CALIBRATOR socket. .

NOTE: The front and rear CALIBRATOR outputs are wired in parallel. The
sockets must NOT both be loaded at the same time at any point in
the calibration procedure.

Using the CALIBRATOR Sockets

When the 9303 CALIBRATOR sockets are used, select FRONT or REAR as
appropriate, and press

/STORE//SHIFT//EXT CAL/.

An ECAL indication will appear in the display. A USER ECAL factor for use
in the environment in which the procedure is carried out will be measured
and stored. The CALIBRATOR output will be automatically switched off and
the signal due to noise will be measured and stored. The ECAL indication
will disappear and the instrument will return to the measurement mode when
measurement and storage are complete. Enable the USER ECAL factor, when
required, as instructed in paragraph 4.4.2.5.
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.2.4.1

.2.4.2

.2.4.3

.2.4.4

.2.5
.2.5.1

1.1

Using an External Calibration Source

When using an external calibrating source two calibration sequences are
required for each head, as the USER ECAL factor and the noise must be
measured separately. The measurement of the USER ECAL factor must be
carried out first.

Connect the measuring head to the calibration source, select FRONT or REAR
as appropriate and switch the source on. Press

/STORE//SHIFT//EXT CAL/.

An ECAL indication will appear in the display and a USER ECAL factor will
be measured and stored. The dinstrument will then carry out a noise
measurement, and, since the calibration source is switched on, will
indicate excessive noise by means of a flashing Er 15.

Switch off the calibration source and initiate a second calibration cycle
by pressing

/STORE//SHIFT//EXT CAL/.

The ECAL indication will re-appear and a second measurement of USER ECAL
factor and noise will be made. Since the calibration source is switched
off the USER ECAL measured will be out of range. The value measured on
the previous calibration cycle will not be over-written, but at the end of
the second cycle the ECAL indication will be replaced by a flashing Er 14.
The instrument is returned to the measurement mode by pressing

/CONTINUE/.

Enable the USER ECAL factor, when required, as instructed in paragraph
4.4.2.5.

If at any time both the USER ECAL factor and the noise measurement are out
of range, an Er 16 indication will appear instead of Er 14 or Er 15,

USER ECAL Factor Enablement

The USER ECAL factor is enabled and disabled by successive operations of
/SHIFT//EXT CAL/.

The EXT CAL indicator lights and a CF indicator appears in the display
when the factor is enabled.

MEASURING HEAD ATTACHMENTS
50 @ ATTENUATORS

The calibration of the 9303 may be modified to take account of 50 @
attenuators attached to the measuring head. The attenuator should be
attached to the measuring head and the head terminated with the matched
50 Q termination supplied. A USER ECAL factor and a noise factor are then
measured, stored and enabled using the procedures given in paragraph
4.4.2. The maximum value of attenuation for which a USER ECAL factor can
be stored is 43 dB.
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SIGNAL AMPLIFIERS

The calibration of the 9303 may be modified to take account of signal
amplifiers used in conjunction with the measuring head. The head should
be terminated with the matched 50 Q load and connected to measure the
amplifier output. The amplifier 1input should be connected to the
appropriate CALIBRATOR output using a suitable coaxial connector. A USER
ECAL factor and a noise factor are then measured, stored and enabled using
the procedures given in paragraph 4.4.2. The maximum amplifier gain for
which a USER ECAL factor can be stored is 10 dB.

HIGH IMPEDANCE PROBES

The calibration may be modified to take account of passive high impedance
probes, such as the Racal-Dana model 11-1512, when these are attached to
the measuring head. The following procedure should be followed:

(a) Fit the probe to the measuring head using a BNC to Type N adaptor.
Remove the matched 50 Q termination from the measuring head.

(b) Select /FRONT/ or /REAR/ as appropriate and connect the probe tip
to the CALIBRATOR socket.

(c) Press /AUTO//VOLTS//3//0//.//1//SHIFT//SF/.
This will turn on the calibration source.

(d) Adjust the probe trimmer to obtain the maximum possible reading on
the display.

(e) Press /STORE//dB//dB/.
This will store the reading obtained in (d) in the dB store. The

dB computed measuring function will be selected, as indicated by
the dB indicator, and the display will indicate 0 dB.

(f) Adjust the probe trimmer to obtain a reading of -1.2 dB
+ 0.1 dB.
(g) Press /3//0//7.//0//SHIFT//SF/.

This will turn off the calibration source.
(h) Press /STORE//SHIFT//EXT CAL/.

This will measure and store a USER ECAL factor for the probe. The
value is stored separately from the FACTORY ECAL factor for the
measuring head, and can be disabled and enabled by means of
successive operations of /SHIFT//EXT CAL/. This permits the probe
to be detached, if required, without the need to re-calibrate when
it is re-attached. When the USER ECAL factor is enabled the EXT
CAL indicator lights and a CF indication appears in the display.
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(3) Press/0//.//5//STORE//CAL FACTOR//CAL FACTOR/.

This will store and enable a calibration factor which compensates
for the fact that the CALIBRATION socket was not correctly matched
during the USER ECAL measurement cycle. When storage is complete
the instrument will be returned to the measurement mode with the
calibration factor enabled and the probe ready for use. The
calibration factor may be disabled and enabled by successive
operations of

/CAL FACTOR/.

When the calibration factor is enabled the CAL FACTOR indicator
will Tight.

LOW IMPEDANCE PROBES

If a Tow impedance probe, e.g. Racal-Dana 11-1573 or 11-1574,is used, the
calibration procedure given 1in paragraph 4.5.3.1 should be modified as
follows:

(a) The measuring head must be terminated with the matched 50 Q load.
(b) For probes not fitted with trimmers steps (c) to (g) are omitted.
(c) The calibration factor stored in step (j) should be calculated
from
50 + Rp

Calibration Factor = —Rp

where Rp is the input impedance of the probe/measuring head combination.
DISPLAY OF ECAL FACTORS

The FACTORY ECAL and USER ECAL factors stored may be displayed by using
SPECIAL FUNCTION 40.1 to 40.4 (see paragraph 4.19).

FREQUENCY RESPONSE
When making high frequency measurements a calibration factor may be
entered and stored to take account of the frequency response of the
measuring head. Each measuring head is provided with a frequency response
curve from which an appropriate calibration factor can be read. If a
probe 1is in use, the calibration factor calculated as instructed in
paragraph 4.5.3 should be multiplied by the factor read from the measuring
head response curve and the product entered in the CAL FACTOR store.
The calibration factor stored can be displayed by selecting
/FRONT/ or /REAR/

as required, and pressing

/RECALL//CAL FACTOR/.
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The RECALL and CAL FACTOR indicators will light as the keys are pressed to
indicate that a stored value is being displayed. If no change to the
displayed calibration factor is required press

/CONTINUE/.

The RECALL and CAL FACTOR indicators will be extinguished and the
instrument will return to the measurement mode. If the factor is to be
changed, enter the new factor using the numeric keys. The RECALL and
CAL FACTOR indicators will be extinguished when the first numeric key is
pressed. When the required factor is correctly displayed, press

/STORE//CAL FACTOR/.

The STORE indicator will 1light when the key is pressed. It will be
extinguished, and the instrument will return to the measurement mode, when
the storage of the factor entered is complete.

At any time up to the point where
/CAL FACTOR/

is pressed, the procedure can be aborted by pressing
/CONTINUE/.

The instrument will return to the measurement mode with the calibration
factor unchanged.

The calibration factor is enabled and disabled by successive operation of
/CAL FACTOR/.

When enabled, the CAL FACTOR indicator will light and a CF indication will
appear in the display.

SETTING OF AVERAGING TIME

When the equipment is first switched on the averaging time, which sets the
display updating rate, is set to 1 second. This can be reset to provide a
higher updating rate, or to give a lower updating rate with less jitter.
The range of averaging times is from 0.1 second to 99.9 seconds in steps
of 0.1 second. A settling time of 3 seconds should be allowed after the
application of the signal to be measured irrespective of the averaging
time in use.

The averaging time set can be displayed by pressing
/RECALL //SHIFT//AVERAGE/.

The RECALL indicator will light to indicate that a stored value is being
displayed. If no change to the averaging time is required, press

/CONTINUE/.
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The RECALL indicator will be extinguished and the instrument will return
to the measurement mode. If the averaging time is to be reset, set the
required value on the display, using the numeric keys. The RECALL
indicator will be extinguished when the first numeric key is pressed.
When the required averaging time is correctly set, press

/STORE//SHIFT//AVERAGE/.

The STORE indicator will 1light when the key is pressed. It will be
extinguished, and the instrument will return to the measurement mode, when
the storage of the new value is complete.

At any time up to the point where
/AVERAGE/

is pressed, the procedure can be aborted by pressing
/CONTINUE/.

The instrument will return to the measurement mode with the averaging time
unchanged.

CONTINUOUS AVERAGING MODE

The use of this mode avoids the low display updating rates which are
caused by the use of long averaging times. The display is updated every
0.1 second to a value obtained partly from the current displayed value and
partly from the new measured value. The overall effect is similar to that
which would be obtained if successive measured values were filtered in a
single pole RC filter.

The continuous averaging mode is enabled and disabled using SPECIAL
FUNCTIONS 50.1 and 50.0 (see paragraph 4.19). The time constant of the
effective filter will be the value set in the AVERAGE store. This value
may be viewed, and, if required, changed, using the procedure given in
paragraphs 4.8.2 and 4.8.3.

The mode is automatically disabled during any measurement cycle in which
the current displayed value and the new measured value differ by more than
5%. This results in a rapid change of the displayed value in response to
large step changes of input level.

RANGING MODE SETTING

On switching on, the instrument will be set to the auto-ranging mode. To
put the instrument into the manual ranging mode without changing the range
in use, press the AUTO/MANUAL key. This key selects manual ranging and
auto-ranging on successive operations. The indicator for the mode in use
will light. The instrument may be switched from the auto-ranging mode to
the manual ranging mode, accompanied by a change to an adjacent range, by
means of the STEP UP or STEP DOWN key. When manual ranging is selected an
analogue indication of the measured signal as a fraction of full scale
appears in the display.
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When in the manual ranging mode the range in use may be changed by
pressing

/STEP UP/ or /STEP DOWN/.
The full scale value for the range in use can be displayed by pressing
/RECALL//SHIFT//RANGE/.

The RECALL indicator will light when the key is presed. To return the
instrument to the measurement mode, press

/CONTINUE/.

If the input signal is outside the Timits of 10% and 110% of full scale of
the range in use, the display will alternate between the measured value
and an under-range (Ur) or over-range (Or) indication. When in the
auto-ranging mode a range change will occur if the input signal is outside
the limits of 27% and 110% of full scale, so that error indications are
obtained on the highest and lowest ranges only.

VOLTAGE PRIMARY MEASUREMENT FUNCTION
When first switched on the instrument will be set to the voltage measuring
function. If the instrument has been in use and is set for some other
measuring function, press

/VOLTS/.
The VOLTS indicator will light.
POWER PRIMARY MEASUREMENT FUNCTION
The 9303 measures in voltage units, but can convert measurements made into
power units by squaring the measured voltage and dividing by the
resistance value held in the Q store. To select the power measuring
function, press

JWATTS/.
The WATTS indicator will light.

The value in the Q store will be set to 50 Q on switching on. The number
in the store can be displayed by pressing

/RECALL//SHIFT//Q/.

The RECALL indicator will 1light when the key is pressed to show that a
stored value is being displayed.

If no change to the resistance value is required, press

/CONTINUE/.

9303
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The RECALL indicator will be extinguished, and the instrument will return
to the measurement mode. If the resistance value is to be changed, set
the required value on the display, using the numeric keys, followed by

/SHIFT//Q/.

The RECALL indicator will be extinguished when the first numeric key is
pressed. When the required resistance value is set, press

/STORE//SHIFT//Q/.

The STORE indicator will 1light when the key is pressed. It will be
extinguished, and the instrument will return to the measurement mode, when
the storage of the new value is complete.

At any time up to the point where

/9
is pressed, the procedure can be aborted by pressing

/CONTINUE/.

The instrument will return to the measurement mode with the resistance
value unchanged.

NOTE: The values held in the %, RATIO, NULL and dB stores are in voltage
units. The values may have been computed from keybord inputs or
displayed power measurements, using the resistance value in the
Q store at the time of entry. These values are NOT automatically
updated when the resistance value in the Q store is changed.

RATIO MEASUREMENTS
With the ratio function selected the instrument computes

measured voltage

voltage value held in ratio store
To select the ratio function, press
/RATIO/.

The RATIO indicator will 1light. Note that the display will indicate a
ratio of voltages or powers according to whether the voltage or power
measuring function is selected. The conversion to power units uses the
current resistance value in the Q store.

When the instrument is first switched on the RATIO store will be loaded
with 1 volt. The value in the store can be displayed by pressing.

/RECALL//RATIO/.
The RECALL indicator will 1light when the key is pressed to show that a
stored value is being displayed. The displayed value will be in voltage
or power units, according to the measuring function selected.
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If no change to the stored level is required press
JCONTINVE/.

The RECALL indicator will be extinguished, and the instrument will return
to the measurement mode.

If the stored value is to be reset to a specified figure, set the required
value on the display using the numeric keys. The RECALL indicator will be
extinguished when the first numeric key is pressed. The value set on the
display may be in voltage or power units. When the required digits have
been set, press

/SHIFT//APPROPRIATE UNITS//STORE//RATIO/.

The appropriate display annunciator will light when the units are entered.
The STORE indicator will 1light when the key is pressed. It will be
extinguished, and the instrument will return to the measurement mode, when
the storage of the new value is complete.

The RATIO store may also be reset to the current displayed value when
voltage or power measurements are being made. To reset the stored value
to the current displayed value, press

/STORE//RATIO/.

The STORE indicator will 1light when the key is pressed, and will be
extinguished when the storage of the new value is completed.

At any time up to the point where
/RATIO/
is pressed either store updating procedure can be aborted by pressing
/CONTINUE/.
PERCENTAGE DIFFERENCE MEASUREMENTS

With the percentage difference function selected the instrument computes

measured voltage - voltage value in % store
x 100

voltage value in % store

To select the percentage difference function, press

/%/ .
The % indicator will 1light. Note that the display will indicate a
percentage difference of voltages or powers according to whether the

voltage or power measuring function is selected. The conversion to power
units uses the current resistance value in the Q store.

9303



4.14.2

4.15
4.15.1

4.15.2

4.16
4.16.1

9303

When the instrument is first switched on the percent store will be loaded
with 1 volt. The value in the store can be displayed and, if necessary,
changed using the same procedures as those described for the ratio store.
The keyboard address of the percent store is

/%/.

NULL MEASUREMENTS
With the null function selected the instrument computes

measured voltage - voltage value in null store.
To select the null function, press

/NULL/.

The NULL dindicator will Tlight. The current displayed value will be
entered into the NULL store, and the display will indicate zero. When the
input level is changed the display will indicate a difference of voltages
or powers according to whether the voltage or power measuring function is

selected. The conversion to power units uses the current resistance value
in the Q store.

When the null function is selected the contents of the NULL store can be
displayed and, if required, changed using the same procedures as those
described for the ratio store. This allows the difference between the
measured value and an operator set value to be displayed. The keyboard
address of the NULL store is

/NULL/
Note that, if the dinstrument leaves and re-enters the null measurement
function, the value in the NULL store will be over-written with the
measured value current when the mode is re-entered.

dB MEASUREMENTS

With the dB function selected the instrument computes

measured volts
20 log

voltage value in dB store

The calculation does not involve the resistance value held in the Q store.
However, if the voltage value in the dB store and the resistance value in
the Q store represent a power of 1 mW, the display units annunciator will
indicate dBm. To select the dB function, press

/dB/.

The dB indicator will light.
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When the instrument is first switched on the dB store will be loaded with
223.6 mV. The value in the store can be displayed and, if necessary,
changed using the same procedures as those described for the ratio store.
The keyboard address of the dB store is

/dB/.
ANALOGUE DISPLAY

The analogue display will be found to be particularly useful for obtaining

peak or trough dindications but may be used with all the measurement

functions. The display is switched on and off by successive operations of
/METER/.

The coarse part of the display is automatically switched on when the
manual ranging mode is selected. To obtain the full display press

/METER//METER/.
STORAGE OF FRONT PANEL SETTINGS

Up to 12 complete sets of front panel settings may be stored for later
recall. The settings stored are:

(a) Primary measurement function
(b) Computed measurement function
(c) Measurement range

(d) Ranging mode

(e) Contents of Q, RATIO, %, NULL and dB stores

(f) User ECAL factors

(g) User ECAL factor enablement
(h) Calibration factors
(3) Calibration factor enablement

(k) Averaging period
(1) Measuring head selected

Each set of front panel settings should be allocated a numeric address in
the range 01 to 12. To store the front panel settings, press

/STORE//DIGIT*//DIGIT*/.
* of the allocated address

Note that the leading zero must be entered for addresses 01 to 09. The
STORE indicator will 1light when the key 1is pressed. It will be
extinguished, and the instrument will return to the measurement mode with
panel settings unchanged, when storage is completed.
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The front panel settings can be recalled by pressing
/RECALL//DIGIT*//DIGIT*/.
* of the allocated address

The RECALL indicator will 1light when the key is pressed. It will be
extinguished, and the instrument will be reset to the measurement mode
with the recalled front panel settings, when the recall is complete. The
pressing of

/RECALL//0//0/

will recall the switch-on state (initialisation) settings. The stored
front panel settings are not Tlost on recall, so that stored patterns may
be recalled as often as required. Individual settings in the stored
pattern cannot be amended, so changes must be made by over-writing the
stored pattern with a complete, revised pattern.

When the power to the instrument is switched off the front panel settings
are automatically stored. They can be recalled immediately after
switching on again by pressing

/RECALL//9//9/.
The first change of front panel settings after switching on overwrites the
data stored in location 99. The facility of recalling the settings in use
when the instrument was switched off is then lost.
SPECIAL FUNCTIONS

A number of special functions are available to the operator. These are
listed in Table 4.1, and are called by pressing

/MSD*//DIGIT//.//LSD*//SHIFT//SF/.
* of the special function number
ERROR CODES
The instrument is able to detect a numer of error states, some of which

are indicated on the display. The meanings of the error codes are given
in Table 4.2.
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TABLE 4.1

Special Functions

Special Function Function
Number
0 Cancels all special functions.
20.0 Allows timed, automatic internal
calibrations (ACAL).
20.1 Initiates an immediate ACAL.
20.2 Inhibits automatic ACAL.
30.0 Switches off external calibrator.
30.1 Turns on external calibrator.
40.0 Displays ACAL factor.
40.1 Displays USER ECAL factor.
40.2 Displays USER ECAL noise cancellation
factor.
40.3 Displays FACTORY ECAL factor.
40.4 Displays FACTORY ECAL noise
cancellation factor.
Note: (1) To return to the measurement mode press
/CONTINUE/.
(2) The ECAL and noise cancellation factors displayed
relate to the measuring head selected.
50.0 Selects the fixed average mode.
50.1 Selects the continuous average mode.
70.1 Initiates FACTORY ECAL cycle.
80.0 Allows over range (Or) and under range
(Ur) indication.
80.1 Inhibits Or and Ur indication.
81.0 Displays software issue number
Note: (1) To return to the measurement mode press

(2)

/CONTINUE/.

The software issue number is displayed in the format

XY.Z
The number XY is the last two digits of the Racal-Dana
part number of one of the ROMs fitted, and identifies the
hardware compatible set in use. The number Z is the issue
number., (Early model instruments display the number Z
only).
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TABLE 4.2

Error Codes

Error Error Code

Non-Volatile memory contents corrupted 01
Over range signal 02
Under range signal 03
Computed result to be displayed exceeds 11
display capacity

Number entered to be stored has 12
incorrect format

Zero entered as a number to be stored 13
Measuring head USER ECAL factor outside 14

allowed range
Noise measured during USER ECAL outside

allowed range 15
Both noise and USER ECAL factor outside 16
allowed range

Stored noise value more than 20 uV 17
greater than input

GPIB syntax error 18
RAM failure 20
ROM failure, ICle on 19-1014 23
ROM fajlure, IC17 on 19-1014 24
ROM failure, IC18 on 19-1014 25
ROM failure, IC19 on 19-1014 26

Note: (1) Errors 02 and 03 are displayed as Or and Ur. Error 18 is not

(2)

displayed. The other errors displayed appear as Er followed
by two digits.

When Error 0l is detected, nominal values are entered in the
FACTORY ECAL, USER ECAL and CALIBRATION FACTOR memory
locations. The display will flash Error 01, and the EXT CAL
indicator will flash to indicate that the FACTORY ECAL
factor stored is not valid. To return the instrument to an
operational state, carry out the FACTORY ECAL procedure
given in paragraph 4.4.1 in respect of both INPUT sockets.

When Error 01 1is detected the switch-on state front panel
settings are entered into memory locations 01 to 12.
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CONTROL VIA THE GPIB

The 9303 can be operated via the GPIB in either the addressed mode or the
talk only mode. In the former the instrument makes measurements in
response to commands, prefaced by the instrument's listen address, sent
via the bus by the controller. The last measured value is loaded onto the
bus when the instrument is addressed to talk.

In the talk only mode the 9303 will take measurements continually, at a
rate determined by the averaging time in wuse, in accordance with
instructions entered using the front panel controls. At the end of each
measurement cycle the measured value is entered into a buffer store, from
where it is Tloaded onto the bus in response to a signal on the NRFD line
(commencement of the handshake sequence). If a measurement cycle is
completed while data transfer is in progress, the updating of the buffer
store is delayed until the data transfer is completed.

REMOTE /LOCAL CHANGEOVER
LOCAL TO REMOTE CONTROL CHANGEOVER

The 9303 is switched from 1local to remote control by the following
sequence of control and data line messages:

(a) Remote enable (REN) true (Tow) This primes the remote control
enable, but the 9303 remains in
local control. REN must remain
true if any instrument on the
bus 1is to remain in remote
control.

(b) Attention (ATN) true (low)

(c) Listen address The 9303 enters the Tlistener
addressed state (LADS) on
recognition of its listen
address.

(d) ATN false (high) The 9303 enters the Tlistener
active state (LACS) after a
delay, and enters the remote
state (REMS) on receipt of the
first data byte.

No change to any of the 9303 control settings occurs on changeover from
local to remote control.

REMOTE TO LOCAL CONTROL CHANGEQVER

The 9303 will be switched from remote to local control on:

(a) Operation of the front panel LOCAL key. This is effective only if
local lockout is not set.
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(b) Receiving the go to local (GTL) command when in the LADS.

(c) Receiving the REN message false (high). This is independent of
the addressed state of the 9303.

No change to any of the 9303 control settings occurs on changeover from
remote the local control.

LOCAL LOCKOUT (LLO)

Operation of the front panel LOCAL key during the transfer of data to the
9303 could result in the instrument being switched from remote to local
control with the control settings in an unknown state. To prevent this
the LOCAL key can be disabled by setting local Tlockout.

Local lockout may be set at any time when the REN message is true (low).
The recognition of the LLO message is not dependent on the addressed state
of the instrument. Apart from the disablement of the LOCAL key it causes
no changes to the operation of the 9303. The only method of cancelling
LLO is to sent the REN message false (high). This affects all instruments
on the bus, putting them to the local control state (LOCS).

COMMAND CODES FOR ADDRESSED MODE OPERATION

Once the 9303 has been addressed the instrument functions can be set by
means of device dependent commands, consisting of pairs of alpha and
numeric characters, as listed in Tables 4.4 to 4.17. If more than one
command is to be sent no delimiter is required. The end of message may be
signalled by sending any of the terminating groups shown in Table 4.3.
The changes in 9303 operation are implemented at the end of the message.

TABLE 4.3

Permitted Terminating Groups

1 2 3 4 5
CR LF CR,LF CR,LF LF
EOI true EOI true EOQOI true
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TABLE 4.4

Primary Measurement Function Commands

Function Code
Volts F@
Watts F1l

TABLE 4.5

Q Store Commands

Function Code
Store contents of numerical input buffer in Q1
Q store
Load contents of the Q store into the Q2
output buffer

Note: After loading the contents of a store into the output buffer the
9303 must be put to the talker active state for the data to be put
onto the bus. The instrument will return to the measurement mode
once the output buffer is loaded, but failure to read the buffer
contents will prevent measurement data being entered.
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TABLE 4.6

Compute Function Commands

Function Code
Select RATIO Gl
Store the contents of the numerical G2

input buffer in the RATIO store. If the
numerical input buffer is empty, store the
last measured value.

Load the RATIO store contents into the G3
output buffer

Select dB L1
Store the contents of the numerical L2

input buffer in the dB store. If the
numerical input buffer is empty, store
the last measured value

Load the dB store contents into the L3
output buffer

Select NULL N1
Store the contents of the numerical input N2

buffer in the NULL store. If the numerical
input buffer is empty store the last
measured value

Load the NULL store contents into the N3
output buffer

Select % P1
Store the contents of the numerical p2

input buffer in the % store. If the
numerical input buffer is empty, store
the last measured value

Load the % store contents into the P3
output buffer

Note:

(1)

(2)

Selection of one compute function will automatically cancel
any other compute function. Cancellation code C@ allows
cancellation of all computed functions.

The numerical input buffer is cleared, if required, by means
of cancellation code C1.

After Toading the contents of a store into the output buffer
the 9303 must be put to the talker active state for the data
to be put onto the bus. The instrument will return to the
measurement mode once the output buffer is loaded, but
failure to read the buffer contents will prevent measurement
data being entered.
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TABLE 4.7

Range Commands

(2)

Range Code
Autorange RO
300 uv R1
1 mv R2
3 mV R3
10 mv R4
30 mV R5
100 mV R6
300 mV R7
1V R8
3V R9
Manual Range RM
Load the output buffer with the full RZ
scale value of the range in use L4

Note: (1) The use of code RM will take the instrument from the

autorange mode to the manual range mode without changing
the range in use.

After loading the contents of a store into the output
buffer the 9303 must be put to the talker active state
for the data to be put onto the bus. The instrument
will return to the measurement mode once the output
buffer is Tloaded, but failure to read the buffer
contents will prevent measurement data being entered.

TABLE 4.8

Head Selection Commands

Measuring Head Code
Front Vg
Rear vVl
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TABLE 4.9

Calibrator Control Commands

Function Code
External calibration turned off W@
External calibration turned on Wl
TABLE 4.10

Control Setting Storage Commands

Function Code
Store current control settings AQ1
and stored values in memory to
locations numbered @1 to 12 Al12

Note: Memory location @@ always contains the values set when the
instrument is first switched on, and cannot be overwritten.

TABLE 4.11

Control Setting Recall Commands

Function Code
Recall and set initial control settings BOO
Recall and set control settings from stores B@1
numbered @1 to 12 to
B12
Recall control settings in use when instrument| B99
was last switched off

Note: (1) The data stored in location 99 is overwritten as each change
of instrument settings is made. The facility for recalling
the settings in use when the instrument was switched off is
only available immediately after switching on.

(2) Either the Device Clear (DCL) or the Selective Device Clear
(SDC) command may be used instead of B@@.
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TABLE 4.12

Calibrate Commands

Function Code
Disable USER ECAL factor K@
Enable USER ECAL factor K1
Measure and store USER ECAL factor K2
Load contents of USER ECAL store into the
output buffer K3
Load contents of noise cancellation store K4
into the output buffer
Timed ACAL sequences enabled K5
Trigger an immediate ACAL K6
ACAL inhibited K7

Note: Codes K@ to K4 relate to the measuring head selected when the

command is executed.

TABLE 4.13

Calibration Factor Commands

Function Code
Disable calibration factor u@
Enable calibration factor ul
Store contents of numerical input buffer in U2

calibration factor store

Load contents of calibration factor store U3
into the output buffer

Note:

(1)

(2)

Codes U@ to U3 relate to the measuring head selected when
the command is executed.

After loading the contents of a store into the output buffer
the 9303 must be put to the talker active state for the data
to be put onto the bus. The instrument will return to the
measurement mode once the output buffer is loaded, but
failure to read the buffer contents will prevent measurement
data being entered.
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TABLE 4.14

Interrupt Commands

Function Code
No service requests generated 19
Service request generated when measured value Il
is available
Service request generated when error is 12
detected
Service request generated when measured value I3
is available or when error is detected.
Load error code number into output buffer I4
Note: (1) After loading the contents of a store into the output buffer

(2)

the 9303 must be put to the talker active state for the data
to be put onto the bus. The instrument will return to the
measurement mode once the output buffer is loaded, but
failure to read the buffer contents will prevent measurement
data being entered.

The loading of the error code into the output buffer does

not cancel the error code. Error codes other than @1 are
cancelled using the cancellation code C2.
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TABLE 4.15

Measurement Averaging Mode and Timing Selection Commands

Function Code
Select fixed averaging mode S@
Select continuous averaging mode Sl
Store contents of numerical input buffer in S2

the AVERAGE store

Load contents of the AVERAGE store into the S3
output buffer

Store contents of numerical input buffer in S4
the TRIGGER DELAY store

Load contents of the TRIGGER DELAY store into S5
the output buffer

Note: After loading the contents of a store into the output buffer the
9303 must be put to the talker active state for the data to be
put onto the bus. The instrument will return to the measurement
mode once the output buffer is loaded, but failure to read the
buffer contents will prevent measurement data being entered.
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TABLE 4.16

Trigger Commands

Function Code
Perform continuous measurement cycles, T0
updating the output buffer at the end of each
cycle
Leave the continuous measurement mode and Tl
enter the triggered measurement mode
If in the triggered measurement mode, perform T2
one averaged measurement and update the output
buffer.
If in the triggered measurement mode, perform T3
one averaged measurement after a delay, equal
to the value in the trigger delay store, and
update the output buffer.

Note:

(1)

(2)

(4)

After a change of range a three second delay, additional to
that held in the trigger delay store, 1is automatically
inserted after the trigger command.

The Group Execute Trigger (GET) command may be used instead
of code T2 using the following procedure:

a) Send command T1.

b}  Send command T2. The 9303 will perform one measurement
cycle.

c) Send the GET command each time a further measurement
cycle 1is required. Note that, when using the GET
command, the 9303 must be put to the talker active
state after each measurement cycle.

The use of the GET command after code T@ has been used will
terminate the current measurement cycle. A new cycle will
begin immediately.

The instrument will revert to continuous measurement if the
continuous averaging mode is selected (see Table 4.15). If
the continuous averaging mode is cancelled the instrument
will return to the last trigger mode enabled.
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TABLE 4.17

Cancellation Commands

Function Code
Cancel compute functions co
Clear numerical input buffer Cl
Clear error code C2

Note: Code C2 will not cancel error code @1.

ENTRY OF NUMERICAL VALUES

The format for numbers to be entered in the numerical input buffer for
subsequent loading into the internal stores is given in Table 4.18.

TABLE 4.18

Numerical Input Format

Byte Interpretation Permitted ASCII Characters
1 Sign of mantissa Space or +
2 Most significant digit Up to four digits, with a
3 Digit/decimal point decimal point if required,
4 Digit/decimal point may be entered. Unused
5 Digit/decimal point bytes need not be filled.
6 Least significant digit Excess spaces are ignored.
7 Exponent indicator E ore
8 Sign of exponent Space, + or -
9 Digit 0to9
Note: (1) An unsigned mantissa or exponent is assumed positive. Bytes 1
and/or 8 may be omitted when the sign is positive.
(2) The string may be terminated with CR, LF or by the first byte of
the succeeding command.
(3) If the exponent group is not required bytes 7 to 9 may be

omitted.
The exponent group replaces the units keys used when entering

values in local control. The units assumed by the numbers held
in store are given in Table 4.19.
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TABLE 4.19
Stored Value Units
Units
Store
VOLTS Mode WATTS Mode

Ohms 2 Q
Ratio Volts Watts
% Volts Watts
Null Volts Watts
dB Volts Watts
Average Seconds Seconds
Time Out Seconds Seconds
Calibration factor Number Number

OUTPUT MESSAGE FORMAT

The same output message format is used for the transmission of measured
values, error code numbers or the values held in the instrument's internal
stores. The message consists of a string of 12 ASCII characters for each
value transmitted. These are to be interpreted as shown in Table 4.20. No
parity check 1is included. Each byte is accompanied by the full handshake
procedure on the NRFD, DAV and NDAC control Tlines.

TABLE 4.20

Interface Output Message Format

Byte No Interpretation Permitted ASCII
Characters

1 Sign of mantissa + or -

2 Most significant digit 0 to 9

3 Decimal point .

4 Digit 0 to 9

5 Digit 0 to9

6 Least significant digit 0 to 9

7 Exponent indicator E

8 Sign of exponent + or -

9 More significant digit 0 to9
10 Less significant digit 0to9
11 Carriage return CR
12 Line Feed LF
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STATUS BYTE FORMAT

The data line usage for the status byte, generated in response to a serial
poll, is given in Table 4.21.

TABLE 4.21

Status Byte

DIO Line Function

Not used

Not used

Not used

Not used

*1' indicates that the instrument is busy

'1' indicates that an error has been detected
'1' indicates that service was requested

Not used

OOV HWMN

NOTE: The status byte does not provide information about the nature of
any error which has been detected. The addressed command I4 can
be used to have the error number loaded into the output buffer.
This will then be transmitted via the bus when the instrument is
addressed to talk.

SERVICE REQUEST (SRQ) OUTPUT

The instrument can be instructed via the bus to generate an SRQ output as
follows:

(a) SRQ generation inhibited

(b) SRQ sent true when data are available

(c) SRQ sent true when an error is detected

(d) SRQ sent true when data are available or when an error is detected
The codes used are given in Table 4.14. Option (d) 1is adopted

automatically on switching on.
When the 9303 is being used in the triggered mode a delay, equal to the

value set in the AVERAGE store, will occur between the generation of the
SRQ output and the appearance of the SRQ annunciator on the front panel.

LOGIC LEVELS
The control, handshake and data lines operate at standard +5 V TTL Tevels.

Negative logic is used, i.e. Togic 'l' is represented by a level < 0.8 V
and logic '0O' by a Tevel >2 V.

9303
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SECTION 5 PRINCIPLES OF OPERATION

9303

2.2

INTRODUCTION

This section is written in two parts. Paragraph 5.2 covers the operating
principles of the 9303 in general terms, with reference to the block
diagram, Fig. 5.1. Paragraph 5.3 describes the operation of the circuits
in greater detail, with reference to the circuit diagrams given in
Section 7. It is essential that the principles of operation are
understood before the detailed circuit description is read.

In the circuit descriptions the integrated circuits are referred to by the
circuit reference given on the appropriate circuit diagram. Note that a
separate series of numbers, starting at ICl, is allocated to each
assembly. Where an integrated circuit package contains more than one
circuit, suffix letters are used to distinguish between them. Where it is
necessary to identify a particular pin of an integrated circuit, the
circuit reference, with suffix letter if appropriate, is followed by an
oblique stroke and the required pin number.

PRINCIPLES OF OPERATION
FUNCTIONAL SYSTEMS

The instrument contains six functional systems. These are:

) A pseudo-random signal sampling system

) An analogue signal processing system

) A microprocessor system, which operates both as a digital signal
processor and a control system

———
O T

(d) A keyboard/display system
(e) A calibrator system
(f) An interface to the IEEE 488 GPIB

THE SAMPLING SYSTEM

The sampling system uses a diode sampling bridge to measure the voltage
across the 50Q u-stripline conductor in the measuring head. The sampling
period is approximately 300 ps, but the waveform of the sample taken is
shaped to give a pulse which reaches its maximum value after approximately
1.5 us. This pulse may be positive or negative going, according to the
polarity of the measured signal at the instant of sampling.

To prevent the sampling frequency ever being an exact sub-multiple of the
measured signal frequency, the sampling process is made pseudo-random by
varying the sampling frequency over the range from 35 kHz to 70 kHz at a
rate of 10 Hz. A 100 Hz signal, from a clock on assembly 19-1014, is
divided by 10 and applied to an integrator in the timer and sweep
generator on assembly 19-1015. This provides a 10 Hz triangular waveform,
which 1is applied to the voltage-controlled oscillator (VCO) on assembly
19-1016. The variable frequency pulse waveform from this oscillator
drives the sampling pulse generators, which are mounted within the
measuring heads.
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If zero signal is to be obtained from the sampling head when no measured
signal is applied, the sampling bridge must be balanced symmetrically
about 0 V. Once the bias voltages have been set to achieve this, balance
is mg{ntained automatically by the bias Tevel control circuit on assembly
19-1016.

THE ANALOGUE PROCESSING SYSTEM

The analogue processing system measures the true r.m.s. value of the train
of bipolar pulses fed to it from the sampling system. The measuring head
to be used is selected by means of a multiplexer on assembly 19-1016. The
pulses from the measuring head are applied to the high frequency sample
and hold circuit during a gate period of approximately 1.5 ms. The gating
signal is derived from the sampling pulse drive VCO, and its start is
coincident with the sampling pulse. During the gate period the pulse from
the measuring head reaches a peak value, and this value is held until the
next gate period occurs.

The sample and hold circuit output therefore has a bipolar pulsed
waveform. The amplitude of each pulse is proportional to the amplitude of
the related sample taken from the measured signal, while the pulse
frequency is the same as the sampling frequency. The output is clamped
during the gate period to ensure that each voltage transition starts from
the same level. The r.m.s. value of the output waveform is proportional
to the r.m.s. value of the measured signal.

To permit measurements to be made over a wide range of input levels, while
maintaining a restricted range of output Tevels from the sample and hold
circuit, a switched gain amplifier is included in the analogue signal path
on assembly 19-1016. The gain variation is obtained by means of
electronically switched attenuators of 10dB, 20dB, 30dB and 30dB, which
provide attenuations from OdB to 90dB in 10dB steps. The insertion of the
attenuators 1is controlled by the microprocessor system.

The alternating signal from the sample and hold circuit is fed to a true
r.m.s. measuring circuit on assembly 19-1015. The measuring circuit is in
the form of a feedback Tloop containing a differential multiplier, an
integrator and an amplifier, and features an auto-zeroing system which
cancels out the effects of noise and the multiplier input offsets.

The output of the analogue processing system is fed to the analogue-to-
digital converter on assembly 19-1014 via a sample and hold circuit, which
maintains a steady input to the converter during the auto-zeroing period
of the r.m.s. detector.

THE MICROPROCESSOR SYSTEM

The microprocessor system is contained on assembly 19-1014. The system
performs two separate functions:

(a) It converts the output of the voltage measuring circuits to
digital form, The result is operated upon arithmetically to
provide the measured value to be displayed.

(b) It provides signals to control the operation of the instrument in
accordance with instructions entered by the operator.
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The microprocessor is interrupt controlled, IRQs being generated every
100ms by the measured signal peripheral interface adaptor (PIA), at every
operation of a key in the input/output system and for every data byte
received by the GPIB interface.

Digital Signal Processing

The output of the r.m.s. detector is converted to digital form in the
analogue-to-digital converter. In response to an IRQ from the measured
signal PIA the output of the converter is scaled, according to the values
held in the ACAL and FACTORY ECAL stores (and the USER ECAL and CAL FACTOR
stores if these are enabled) and stored. A number of successive values,
determined by the value held in the AVERAGE store, are then averaged.
After noise cancellation the averaged value is processed, in accordance
with the primary and computed measurement functions in use, to provide the
value which is to be displayed. This value is used to set up a 96-bit
serial data string, which is fed to the display on assembly 19-1013. The
system also converts the value to be displayed into the nine data bytes of
the GPIB output word. The exponent indicator byte and the CR and LF
terminating bytes are incorporated to complete the output word, which is
fed to assembly 19-1017 after the display has been updated.

Instrument Control

The majority of the instructions governing the operation of the instrument
are internal to the microprocessor system, and govern such matters as the
manner in which measurement data are processed, the selection of data to
be displayed, the storage of data displayed or entered via the keyboard,
range setting, error detection, etc. External control lines are limited
to:

(a) Selection of the input to the switched gain amplifier
(b) Gain of the switched gain amplifier (attenuator switching)
(c) Calibrator system switching

In addition, the microprocessor system provides a 100 Hz output which
provides the drive for the timer and sweep generator on assembly 19-1015.

THE KEYBOARD/DISPLAY SYSTEM

The keyboard/display system incorporates a custom built liquid crystal
display (LCD). At display update the fresh data to be displayed, which
may be the output of the digital signal processor, the contents of a store
or an error code, is fed to assembly 19-1013 in the form of a 96-bit
serial data string. This is fed into three 32-bit shift registers to
convert it from serial to parallel form, the shift register outputs being
latched until the next display update occurs. Each element of the LCD is
controlled from a separate shift register output. The time taken to
update the display is extremely short, and display blanking during
updating 1is unnecessary. The 30Hz alternating supply for the LCD is
obtained from an oscillator on assembly 19-1014.
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The input section of the system is formed by a 7 x 4-1ine keyboard. This
may be used to give instructions to the control system or to enter values
into the stores used during the digital signal processing. Each key
operation generates an IRQ, and is serviced individually by the
microprocessor. The first of a series of numeric key operations puts the
display to the numbers mode. In this mode the instrument continues to
make measurements, but the display continues to show the numbers entered
until the instrument is returned to the measurement mode.

THE CALIBRATOR SYSTEM

The calibrator system generates two independent outputs. One of these,
driven by the sampling pulse drive VCO, provides pulses shaped to simulate
the output of a measuring head. These are used to calibrate the measuring
circuits in the analogue processing system during the automatic internal
calibration (ACAL) sequence. The second output is a fixed frequency
square wave having a true r.m.s. value of 223.6 mV in 500. This output is
available at the front and rear panel CALIBRATOR sockets, and may be used
for the external calibration of the measuring heads (FACTORY ECAL) and for
the measurement of the USER ECAL factors for use with measuring head
attachments.

Both calibrator outputs are controlled automatically by the microprocessor
during calibration sequences. In addition the use of the special
functions permits operator control of the external calibrator output.

THE GPIB INTERFACE

The following functions are carried out by the GPIB interface without
involvement of the microprocessor system.

(a) Distinguishing between universal and addressed commands occurring
on the bus.

(b) Talk and listen address recognition.

(c) Generation of the signals required by the handshake protocol.

The interface passes device dependent data and certain universal bus
commands between the bus and the microprocessor. An interrupt is
generated for each of the following situations:

(a) A device dependent data byte is held in the data-in register for
the microprocessor to read.
(b) The Tlast device dependent data byte loaded into the data-out

register has been read by the bus.

DCL or SDC received.

GET received.

SPE or SPD received.

Instruction to change remote/local status (RLC) received. This
may be the REN message received false or the GTL command received
when in the remote control mode, or REN and the listen address
received when in the local control mode.
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TECHNICAL DESCRIPTION
THE SAMPLING SYSTEM

The sampling system involves circuits mounted on five printed circuit
boards. Three of these, assemblies 19-1014, 191-1015 and 19-1016 are
mounted in the instrument. The other two, assemblies 19-1011 and 19-1012,
are mounted in the measuring head. The circuit diagrams for these
assemblies are given in Fig. 3, Fig. 7, Fig. 9 and Fig. 11 in Section 7 of
this manual.

10 Hz Triangular Waveform Generation

The timing of the 10 Hz triangular waveform is controlled by the 100 Hz
clock, IC3, on assembly 19-1014. The voltage at IC3c/9 is switched
between a high and a low level by feedback via R5. The voltage at IC3c/8
ramps towards that at IC3c/9 as Cl5 charges or discharges via R8.
Switching of the voltage level at 1C3c/14 occurs each time the voltage at
IC3c/8 passes through the level at IC3c/9.

The clock output passes off assembly 19-1014 at PL15 pin 19 and enters
assembly 19-1015 at PL12 pin 19. Here the waveform passes via the driver,
ICld, and clocks the divide-by-ten circuit, IC2. The 10 Hz, unity
mark/space ratio waveform occurring at 1C2/12 1is applied to the
integrator, ICla. The integrator output, which can be monitored at TP3,
has a triangular waveform and a frequency of 10 Hz. The waveform leaves
assembly 19-1015 at PL1l pin 16.

Voltage Controlled Oscillator

The triangular waveform generated on assembly 19-1015 enters assembly
19-1016 at PL4 pin 16, and is applied to the voltage controlled oscillator
formed by IC12 and Q25. As the collector current of Q25 charges C46 the
voltage at IC12/2 goes more positive, IC12 being triggered when this
voltage equals the internally set trigger level. When this occurs C46 is
discharged through IC12/7 and an internal current sink, so that the
voltage at IC12/2 and 6 falls. When IC12/6 falls below an internally set
threshold Tevel IC12 is reset, disabling the current sink. C46 commences
to charge, and the cycle is repeated.

The frequency of the oscillator depends upon the time taken for the
voltage at IC12/2 to change from the threshold level to the trigger level,
and therefore upon the collector current of Q25. This 1is controlled by
the 10 Hz triangular waveform, so that the output of ICl12 is frequency
modulated at 10 Hz. The 1limits of the frequency sweep are approximately
35 kHz and 70 kHz.

The variable frequency output from IC12/3 clocks a monostable circuit,

IC13b, which provides pulses of controlled length at IC13b/12 and 5. The
nominal pulse duration is 1.5 us, and is set by adjustment of R99.
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Sampling Pulse Generation

The positive going pulses from IC13b/5 pass to the front or rear INPUT
socket, via the gate formed by IC14 a, b, ¢ and d, and so to the measuring
head in use. The gate directs the pulses according to the logic Tlevels
present at ICl4c/5 and ICl4a/l. These Tlevels are set on the measuring
head selection 1lines by the microprocessor system. A logic '0O' on the
control line disables the related drive pulse output.

The measuring head contains assemblies 19-1011 and 19-1012. In the
quiescent state Q3, Q2 and Ql on assembly 19-1012 do not conduct. Current
flows from the +15 V rail through L1, R2 and Rl on assembly 19-1012 and
then through the step-recovery diode D5 and L1 on assembly 19-1011.
Charge storage occurs in the diode.

When a positive going pulse occurs at pin 1 of board 19-1012,Q3, Q2 and Ql
all conduct. The voltage at Ql drain falls, so that the step-recovery
diode is reverse biased, and a high reverse current flows in D5, L1 and Rl
until the charge stored in D5 is reduced to zero. At this point the diode
cuts off rapidly, and the energy stored in L1 gives a pulse in the circuit
consisting of L1, C3, T2, Tl1, the sampling bridge, Tl, T2 and C2. The
amplitude of this pulse is determined in part by the value of the reverse
current which occurs when D5 is reverse biased, since this determines the
energy stored in Ll. The value of this reverse current depends on the
value of RI.

Transformers T1 and T2 ensure that the current pulse gives symmetrical,
antiphase voltage pulses, positive at the D2/D4 junction, across the
sampling bridge. The voltage across the bridge is sufficient to overcome
the reverse bias applied via pins 3 and 4 of assembly 19-1011, so that the
bridge is forward biased for the duration of the sampling pulse.

Sampling Bridge Operation

The u-stripline carrying the signal to be measured is connected to the
sampling bridge by Cl and Rl. High frequency boost is provided by ClO0.
While the bridge is reverse biased the D1/D2 junction is isolated from the
D3/D4 junction, but, when the bridge is forward biased by the sampling
pulse, any voltage applied at the D1/D2 junction unbalances the bridge. A
voltage approximately equal to the measured signal value appears at the
D3/D4 junction, charging C11.

Pulse Amplification

During the 300 ps sampling period Cll charges rapidly through the Tow
impedance of the input circuit and the bridge. At the end of the sampling
period it discharges through R6 and R5, with a time constant of
approximately 1.5 us. The input to the amplifier containing Ql and Q2 is
therefore a pulse, which may be of either polarity, having a sharp leading
edge followed by an exponential return to O V lasting some 7.5 us. This
is buffered by the unity gain stage containing Ql and Q2, and fed via
pin 5 of assembly 19-1011 to R18 on assembly 19-1012.
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Adjustment of R18 controls the final amplitude of the measuring head
output pulse, permitting it to be set to a value for which the FACTORY
ECAL factor will be within the permitted range. The output pulse is fed
via the measuring head cable to the analogue signal processing system.

Bias Control Circuit

The sampling bridge is biased such that the diodes are non-conducting,
except during the presence of the sampling pulse. The bias level must
maintain the bridge balanced symmetrically, about O V. If this is not so,
excessive sampling pulse breakthrough may occur. This can overload the
analogue processing system, particularly in the lower ranges.

The bias voltages are taken from the resistor chain R13, R11, R12 and R14
on assembly 19-1012. The voltage across this chain is maintained at
20.4 V by diodes D2, D3, D4 and D5. The total bias across the bridge may
be set by adjustment of R1l, while the bias balanced is set by the voltage
applied, through the measuring head cable, to pin 5. This voltage is
derived in the second sampler circuit of the analogue signal processing
system, on assembly 19-1016.

ANALOGUE SIGNAL PROCESSING SYSTEM

The analogue signal processing system circuits are carried on two printed
circuit boards, assemblies 19-1016 and 19-1015. The circuit diagrams are
given in Fig. 9 and Fig. 11 in Section 7 of this manual.

Input Multiplexer

The signal which is to be processed is selected by the input multiplexer,
IC7, on assembly 19-1016. The operation of the multiplexer 1is controlled
by the logic levels on the front and rear measuring head selection control
lines, which are set by the microprocessor system. The pulse waveforms
from the measuring heads enter the board at the coaxial sockets SK9 and
SK10. A waveform, simulating the output of a measuring head, and having
an amplitude of 1 V peak-to-peak, is fed to IC7/5 from the calibrator
system. Only one of these signals will be present at any one time, since
sampling pulse drive signals are only fed to the measuring head selected
for wuse, and both measuring heads are disabled while the internal
calibrator is enabled during an ACAL sequence.

Switched Gain Amplifier

The selected signal at IC7/14 is passed, via the buffer stage containing
Q1 and Q2, to the 30 dB attenuator comprising R4, R5, R6 and R7. The
multiplexer IC6 selects either the full output of the buffer stage, from
the junction of C43 and R4, or the attenuated signal, from the junction of
R5 and R6, as the input to the amplifier containing Q3, Q4 and Q5. The
mulitplexer is controlled by the logic level on a 30 dB attenuator control
line, which is set by the microprocessor system. The attenuator is in
circuit when the line is at logic '0O'. Adjustment of R4 permits accurate
setting of the attenuator.
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Three further attenuator/amplifier stages, incorporating attenuators of
30 dB, 20 dB and 10 dB, follow the one described. Although the four
stages operate in a similar manner they differ in the following respects:

(a) The amplifier Q3/Q4/Q5 incorporates filtering circuits C2/R12 and
C3/R15. These shape the amplifier reponse such that, while it is
still able to respond efficiently to the sharp leading edge of the
input pulse, the output pulse takes approximately 1.5 us to reach
its peak value and has an almost flat top.

(b) The amplifiers Q9/Q10/Ql1 and Q12/Q13/14 incorporate catching
diodes D8 and D9 to prevent saturation. These are necessary
because, should the amplifier saturate, the output signal would be
nearly constant. Since AC coupling is used the signal into the
next stage would be small, and the auto-ranging system could down
range. This would drive the amplifier further into saturation.

(c) Two 10 dB attenuators are provided before the final amplifier
stage. One of these, formed by R118, R119, R120 and R117, is
inserted in the signal path only when the Tlowest, 316 uV,
measurement range is in use.

The gain of each amplifier stage is nominally 20 dB. When the 1 V
measurement range is in use, the gain between TP7 and TP3 is approximately
unity.

Second Sampler

The second sampler comprises two sample and hold circuits, fed from the
output of the switched gain amplifier. One converts the bipolar pulsed
output of the amplifier to an AC signal suitable for driving the r.m.s.
measuring circuit, while the other provides the control voltage for the
measuring head bias balance.

The signal for the r.m.s. measuring circuits is provided by the sample and
hold circuit fed via C28. The transmission gate in IC2a is held in the
conducting state by a 1.5 us pulse fed, via Ql5, from IC13b/12. During
this period Cl19 charges. When IC2a returns to the non-conducting state
the voltage on C19 is held, due to the high input impedance of ICla.

The pulse used to drive IC2a is taken from the VCO which generates the
measuring head sampling pulse drive, so that its 1leading edge is
coincident with the sampling pulse. The output of the switched gain
amplifier reaches 1its peak 1.5 us after the sampling of the measured
waveform, so that it is this peak value which is held on C19. This value
is proportional to the instantaneous value of the measured signal at the
instant it is sampled by the measuring head.

The outpt of the circuit is taken via the voltage follower, ICla, a high
pass filter, C64, R123, and a second voltage follower IClb. While C19 is
being charged the Jjunction of R46 and R47 is held at O V by the
transmission gate in IC2b. This ensures that the voltage steps fed out to
the r.m.s. measuring circuit at the beginning of each hold period all
start from the same level.
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5.3.2.4.5 Idealised waveforms for the sampling and signal processing systems are
given in Fig. 5.2

SAMPLING
PULSE

SAMPLING FREQUENCY INCREASING —»

MEASURING k
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OUTPUT MN~— | N K
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AMPLIFIER

OUTPUT /a \/
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Fig. 5.2 Idealised Waveforms:
Sampling and Signal Processing
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If the measuring head bias is not balanced about 0 V, an offset will be
added to each sample of the measured signal fed from the measuring head.
This will give an offset to the mean Tlevel of the input to the second
sampler.

A second sample and hold circuit is fed from the amplifier output via C18.
This operates in a similar manner to the circuit previously described.
However, it is fed via a circuit of comparatively long time constant, and
it does not contain a high pass filter between IClc and R49 similar to
that between ICla and R46. The output consists of pulses, at the sampling
rate, whose mean value is proportional to the mean level of the amplifier
output.

The output from IC1d/8 is fed to the differential input integrator, IC8a.
The integrator output is fed, via the voltage follower, IC8b, to the
measuring head, where it is used to control the balance of the sampling
bridge bias. If a voltage difference exists between IC8a/5 and IC8a/6 a
voltage ramp occurs at IC8a/7. The sampling head bias balance will be
changed, and this will result in a variation in the mean level of the
signal applied to the second sampler. This, in turn, will give a voltage
change at ICld, reducing the voltage difference at the inputs to IC8a.
When this difference is reduced to zero the voltage ramp at IC8a ceases.
The operating point of the loop can be adjusted by means of R68.

True RMS Detector

The output from IClb/14, in the sample and hold circuit, forms the input
to the true r.m.s. detector on assembly 19-1015. The detector is in the
form of a feedback loop containing a multiplier and an integrator. The
principle of operation, ignoring the effects of noise and the multiplier
input offsets,is given in Fig. 5.3.

The signal enters the assembly at PL1l pin 4, passing via the gate, Ql,
and the voltage follower, IC3, to the inputs to the multiplier IC6/6 and
9. The gate Q1 conducts,except during a period of 10 ms in every 100 ms
when the Toop auto-zeroing system is operating.

The multiplier is of the linearised transconductance type, a schematic

circuit diagram being given in Fig. 5.4. The operation of the multiplier
is covered in Appendix 2 to this section.
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The inputs to the multiplier are (VS + VR) and (VS - VR)

The multiplier output is therefore (Vg + Vp) (Vg - Vp)
<02 - )
The integrator output is the mean value of the multiplier output
- 027
The amplifier output is therefore A(VE - V)
But the amplifier output is Vp, so XB = (vg - VS)
A
If the amplifier gain is large !E_approximates to zero, so that
A
V2 - 2
Vg = Vp

Since VR is a direct voltage Vg = Vé, and

VR =/Vs, the r.m.s. value of Vs.

A more complete analysis of the loop operation, taking account of noise
and multiplier input offsets is given in Appendix 1 to this section.

]
AN

;zh ;X: J[ Vo A } <
Vs dt T‘\ﬁ =
'OVR -

Fig. 5.3 Feedback Loop Operation
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Fig. 5.4 Multiplier

The transistors of the multiplier are contained in IC5. The use of the
transistor array, rather than discrete components, affords close matching
of the transistor characteristics. IC5 is specially selected to obtain
the degree of matching required. The multiplier linearising networks are
formed by the transistors in IC7. This array is also specially selected
to obtain the required degree of matching. The base/emitter diodes of
these transistors form the loads for the input currents from IC6 pins 8
and 14. They provide an exponential relationship between the input
currents and the voltages applied at IC5 pins 4, 9, 2 and 6, which offsets
similar non-linearities in the transistors of IC5.

The multiplier inputs are driven by the transistors in IC6, which are
connected, with two of the transistors from IC5 and IC7, to form two long-
tailed-pair differential amplifiers. Good matching of these transistors
is essential, and IC6 is specially selected to achieve this. When
measuring signals of high crest factor the differential signal at the
amplifier inputs becomes Targe, and the transistors may be driven close to
cut off at the signal peaks. This results in non-linearity. The effect
is overcome by means of D4 and D5, which conduct when the differential
signal is Tlarge, reducing the emitter coupling resistor value and
increasing the amplifier gain.
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5.3.2.5.6

The differential output from the multiplier is fed to IC4d. Except during
the auto-zeroing period Q3 and Q4 are held in the conducting state, while
Q10 and Q8 are in the high impedance state. Feedback is therefore applied
to 1C4d via €20, and the circuit acts as an integrating amplifier. The
voltage at TP6 is proportional to the mean level of the multiplier output,
and to the true r.m.s. value of the measured signal.

5.3.2.5.7 The output of IC4d is fed back to the input of the multiplier at IC6/2 and
IC6/12. The feedback circuit is shown in Fig. 5.5.
<+— TP6
R4
J S|
sal] []sh
R4O
Sl e
22 \, T00KR
R34 12:4k0 (l:f ICla
1C6/2 —a— & { F
[C6/12~= — —
! R35
R25 1244k t=/
C10 e szﬂ ] lcg a6
Onem= k0 E“‘“ 1on
VAR
100Hz

5.3.2.5.8

5.3.2.5.9
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Fig. 5.5 Feedback Switching
The feedback from TP6 to IC6/2 and IC6/12 is in two parts:
(a) A positive voltage, fed to both IC6/2 and IC6/12 via R32 and R33.

(b) A negative voltage fed via IC4a, Q5/Q6 and R34/R35. This is fed to
IC6/2 or IC6/12, according to whether Q5 or Q6 is conducting, and
is switched between these inputs at 100 Hz.

The gain of IC4a is set by R40 and R4l to 0.5, and the resistance ratios
R35/R33 and R34/R32 are 0.25. The negative signal is therefore twice the
positive signal, and IC6/2 and IC6/12 receive signals of equal amplitude
but opposite sign. The switching transistors are driven from the 100 Hz
clock in the microprocessor system via ICld.



5.3.2.6 Qutput Sample and Hold

5.3.2.6.1 The voltage at TP6 1is proportional to the true r.m.s. value of the
measured signal. Except during the auto-zeroing period Q9 is in the low
impedance state, and C23 charges to this value. The voltage is fed to the
digital signal processing system via the voltage follower, IC4b. During
the auto-zeroing period Q9 is put to the high impedance state and the
output voltage is maintained at the Tlevel held on C23.

5.3.2.7 Auto-Zeroing

5.3.2.7.1 Every 100 ms an auto-zeroing cycle, lasting 10 ms, is performed. During
this period the measured signal input is reduced to zero, and the residual
signal at the output of IC4d is used to generate a correction voltage,
which is stored. During the 90 ms measurement period which follows, this
voltage is injected 1into the feedback 1loop of the r.m.s. detector,
cancelling the zero error.

5.3.2.7.2 The timing of the auto-zeroing system is controlled by the waveform from
IC2/3 in the timing and sweep generator circuit. This waveform, derived
from the 100 Hz clock on assembly 19-1014, consists of 10 ms positive-
going pulses occurring at 10 Hz, and is applied to the comparators, IClb
and IClc.

5.3.2.7.3 The edges of the pulses are slowed down by the low-pass filter, R37/Cl7.
A resistor chain, formed by elements of R36 and R37, holds IClb/6 more
positive than IClc/10, so the comparators are not triggered
simultaneously. Idealised waveforms are shown in Fig. 5.6.

IC1b/6 [__W f__\

oo ] A

IC 1b/5and [ A J

IC 1c/9

1C1c/8 and
TPL

[C1b/7and
TP5S

Fig. 5.6 Comparator Waveforms
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At the commencement of the auto-zeroing period the following actions are
performed by the pulses from IClb and IClb:

(a) The negative-going pulse from IClc puts Ql to the high impedance
state, isolating the r.m.s. detector loop input.

(b) Q9 is put to the high impedance state, isolating the loop output.

(c) Q3 and Q4 are put to the high impedance state, preventing feedback

around IC4d via C20.

(d) Q10 is put to the low impedance state, allowing feedback around
IC4d via C25.

(e) Q8 is put to the low impedance state. This connects the residual
loop output, which exists at I1C4d/14 when the loop input is open
circuited, to the integrator, IC4c. The output of IC4c is applied
to I1C4d/12, providing an input which drives the output of IC4d to
0 V.

At the end of the auto-zeroing period the circuit is reset to the
measurement mode. The input of IC4c is disconnected from the signal path,
as Q8 reverts to the high impedance state, but the zero error correction
voltage at TP15, stored in C18, remains connected to the input of IC4d.
This provides zero correction during the following measurement period.

Prevention of Lock Up

When the instrument is operated with no input signal, there may be a
tendency for the output of the loop to drift negative. If such an output
is fed back to the multiplier the effect is cumulative, and the loop locks
up with the output driven negative. This is prevented by D10, which
becomes reverse biased if the voltage at TP6 1is negative, so open
circuiting the feedback path.

THE MICROPROCESSOR SYSTEM

The microprocessor system is carried on assembly 19-1014. The circuit
diagram is given in Fig. 7 in Section 7 of this manual.

The system acts as a digital signal processing system and as the
instrument control system. The digital signal processing function
includes the following:

(a) Conversion of the true r.m.s. detector output to digital form, and
reading the digitised measurement.

(b) Scaling the measurement according to the values held in the ACAL
and FACTORY ECAL stores (and the USER ECAL and CAL FACTOR stores
if these are enabled).

(¢) Averaging a number of measurements according to the value in the
AVERAGE store.
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(d) Noise cancellation, according to the noise level measured during
the FACTORY ECAL and USER ECAL sequences.

(e) Arithmetic processing in accordance with the primary and computed
measurement functions set by the control system.

(f) Conversion of the processed data into a serial data string for the
display.

(9) Conversion of the processed data into the 12-byte data word to be

fed to the GPIB interface.

(h) Transmission of the serial data string to the display, accompanied
by the clock pulses for the output system shift registers.

(3) Transmission of the 12-byte data word to the GPIB interface.

The instrument control function includes the following:

(a) Acceptance of control instructions from the keyboard or the GPIB
interface.

(b) Acceptance and storage of numerical data from the keyboard or the
GPIB interface.

(c) Setting the attenuator control line logic levels.

(d) Setting the measuring head control line logic levels.

(e) Enabling and disabling the calibrator system, and directing the
measurements made during calibration cycles to the appropriate
stores.

Analogue to Digital Conversion

The analogue signal from the true r.m.s. detector enters assembly 19-1014
at PL15 pin 16. It passes via a bilateral switch in IC8 to the input of
the analogue-to-digital converter, IC9. The output of the converter is in
the form of 3% digits in BCD on 13 lines, and is fed to the Peripheral
Interface Adaptor (PIA), ICl2, at pins 2 to 14. Additional signals are
fed to IC12/16, 17 and 18 to indicate that the conversion cycle has been
completed, and to I[C12/15 to indicate that the output data from IC9 is
valid,

A 100 Hz clock signal for IC9 is taken from an astable circuit at I1C3/14,
and used to drive a monostable circuit, ICl4b. The output pulses at
I1C14/5 have a duration controlled by R9 and C7.

The positive and negative supply voltages for IC9 are derived from the
+15 V and -15 V supply rails across D15 and D14. The current reference to
IC9/13 can be adjusted, by means of R15, to set the full scale gain of the
converter,
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Digital Data Input

The digital data output from IC9 is fed to the data-in registers of the
PIA, ICl2. At the end of each analogue-to-digital conversion cycle of
IC9, IC12/18 1is put to logic '0'. This results in the generation of an
IR signal at IC12/37. The microprocessor enters its interrupt routine,
during which it establishes that IC12 was the source of the interrupt, and
then reads the data from the PIA.

Digital Data Processing

The digital data processing operations given in sub-paragraphs 5.3.3.2(b)
to (j) are carried out by the microprocessor in accordance with the
instructions in the system software, where necessary using numeric values
held in memory. A description of the software is considered unnecessary
for the purposes for which this manual is intended.

Serial Data Output to the Display

Once the value to be displayed has been determined it is used, together
with data regarding the non-numeric items to be displayed, to set up the
96-bit data string used to update the display. This data string is fed to
the keyboard/display system on the microprocessor data line DO, via IC36a
to d and IC33c.

A series of 96 clock pulses is sent in synchronism with the data string,
32 pulses being directed to each of the display clock lines in turn. The
clock pulses are directed to the required lines by IC32, according to the
levels set on IC32/1, 2 and 3 by the address lines AO, Al and A2. The
enablement of IC32 is controlled by the chip select circuit, which sets
the logic level at IC32/4.

Parallel Data OQutput to the GPIB Interface

After the display has been updated, the measured value is converted to the
format required for the GPIB interface output message. The first byte is
passed to the data-out register of the General Purpose Interface Adaptor
(GPIA) chip on assembly 19-1017.

When the first data byte has been read from the data-out register to the
bus the GPIA chip generates an interrupt request. The microprocessor then
transfers a further byte. This process is repeated until the final byte
has been transferred.

Data Input from the GPIB Interface

The data input from the GPIB interface also takes place byte by byte under
interrupt control. When a byte has been written into the data-in register
of the GPIA chip from the bus, an interrupt request will be generated.
The microprocessor interrupt routine will establish the reason for the
interrupt, and the data will be transferred to the microprocessor.
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When the first byte has been read by the microprocessor, the GPIA chip is
able to accept a further byte from the bus. When this has been written
into the data-in register a further interrupt request is generated. The
process is repeated until no further data are available.

Data Input from the Keyboard

Each operation of a key generates an interrupt request. The
microprocessor interrupt routine will establish the keyboard as being the
source of the interrupt, and the keyboard servicing routine which follows
will detect which key has been operated. A data byte, determined by the
key operated, is stored, and the TRQ control line is reset.

The LED indicators associated with the control keys are operated
immediately the data input occurs, and the digits associated with a
numerical data input are displayed as the bytes are stored. In other
respects the processing of a multi-byte input does not commence until a
valid terminating byte is recognised.

The generation of the IRQ signal is performed by IC27 and IC3la. The key
row lines are normally held at logic '0O' by IC37 a, b, ¢ and d, while the
column Tlines are pulled to logic 'l' by the resistors in R30. The
operation of a key pulls one of the column lines to Tlogic 'O' and puts
IC27/8 to Togic 'l', clocking IC3la/6 to logic '0'. This output, buffered
by 1C33d, forms the IRQ signal.

The keyboard servicing routine commences with IC28/1 and 19 being put to
logic '0', and IC37/2, 5, 9 and 12 being put to Togic 'l', by the chip
select circuit. Both devices are then in the enabled state. The
microprocessor address lines A0, Al, A2 and A3 are first put to Togic 'l',
and then used to set each keyboard row line to logic 'O' in turn via IC37
a, b, ¢ and d. When the row line associated with the key which has been
operated is put to logic '0O', the column line for that switch will also be
put to logic '0'. The corresponding output of IC28 will go to logic '1‘',
providing a data byte on the bus which, considered in conjunction with the
logic levels on address lines A0, Al, A2 and A3 is unique to the operated
key. This byte is transferred into the microprocessor.

When the byte from the keyboard has been loaded, IC3la is cleared by a
logic '0' level applied to IC3la/l from the chip select circuit. This
clears the interrupt request.

Attenuator, Measuring Head and Calibrator Control

The Togic Tevels on the control lines for the attenuators of the variable
gain amplifier, measuring head selection and the calibrator are set by
transferring data into the data-out register of the control PIA, ICll.

The control lines are driven from the peripheral data bus ports of IClIl.
The levels remain set when ICll is deselected at the completion of the
data transfer. The outputs from ICll are buffered in IC4, IC5 and IC6.

The Chip Select Circuit

The Tlogic Tevels for chip selection within the system are generated in a
circuit containing IC25, IC26 and IC34. The valid memory address (VMA)
line from IC30/5 1is used to enable IC25 whenever chip selection is

required.
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The ROM enabling signals (logic 'O' level) are obtained directly from
1C25/7, 9, 10 or 11, according to the logic levels applied to 1C25/1, 2
and 3 by the microprocessor via address lines Al2, Al3 and Al4. For all
other chip enabling signals these address lines are set to give a logic
'0' at IC25/15, which is used to enable I(C26.

When enabled, 1C26 generates one of the following outputs, according to
the logic levels set on address 1lines Al0, A9 and A8 by the
microprocessor.

a) The RAM selection signal (M)

(

(b) The keyboard servicing enablement for IC28 and IC37.
(c) The display clock enablement (OPE) for IC32

(d) The enablement for IC22 or IC29

(e) The enablement for IC34.

When enabled IC34 generates the enabling signal for the PIAs ICll and
IC12, or for the GPIA chip in the GPIB interface, (GCS), according to the
logic levels set on address lines A6, A5 and A4 by the microprocessor.

Reset and Memory Supply Changeover Circuit

When the power supply to the instrument is off IC43, 1C44, IC45, IC42 and
IC15 are powered from the battery, Bl. The voltage level detectors I1C44
and IC45 detect the Tow voltage on the +5 V supply rail, and both IC45/6
and IC44/5 are at logic '0O'. As a result IC42a/3 and IC42d/13 are at
logic '1l'. The bistable circuit formed by IC15b and ICl5c will have been
reset when the instrument supply was switched off, leaving ICl5c/8 at
logic '1'. Both inputs to IC42d are therefore at Tlogic 'l', and IC42d/11
(RESET) is held at logic '0'. The logic 'l' at IC15c/8 also holds the R/W
line in the read condition and the RAM select 1ine at logic 'l', via IC43b
and IC43c, so preventing access to the memory.

When power is applied the potential on the +5 V rail increases until
IC45/6 and IC44/5 go to logic 'l', and IC42a/3 goes to Tlogic '0'. As a
result 1C42d/11 goes to logic 'l', releasing the microprocessor from
reset, while 1C42c¢c/10 goes to 1logic 'l'. As part of its start-up
procedure the microprocessor sets a logic 'l' at IC11/19, and, therefore,
at IC42c/9. The bistable circuit, IC15b and ICl5¢, is put to the set
state, with IC15¢c/8 at logic '0', releasing the R/W and CS Tines.

When power to the instrument is switched off or fails the reduction in the
voltage on the +5 V supply rail 1is sensed by IC44, and I1C44/6 goes to
Togic '1'. Since IC15d/12 is already held at logic 'l' by ICl5b, IC15d/11
goes to logic '0', providing a non-maskable interrupt (Nﬁ%) at IC30/6. At
the completion of the current instruction the microprocessor enters its
non-maskable interrupt routine. As part of this routine a logic '0Q' is
set at IC11/39, and applied to IC15c/9. This puts the bistable circuit
formed by IC15b and ICl5¢ to the reset state, with ICl5¢/8 at logic 'l’'.
The R/W line is held in the read state and the RAM select line is held at
logic '1' via IC43b and IC43c, so preventing corruption of the memory
contents with spurious data which may be generated during the power fade
period.

5-21



5-22

.14
14,1

Test Switchbank S30

The switchbank S30 is used to set a pattern onto the data bus for test
purposes, and to indicate to the microprocessor that the GPIB interface is
fitted. In normal operation switches 1 to 7 must be set to the open
position (where the slider is furthest from the switch section number).
Switch 8 must be closed.

THE KEYBOARD/DISPLAY SYSTEM

The system comprises a 7 x 4 - line keyboard, a liquid crystal display
(LCD) and a number of light emitting diode (LED) indicators. Although the
LED indicators are related to particular keys, all connection between the
keyboard and the display is via the microprocessor system.

A 30 Hz switching waveform for the LCD is generated by IC3d and IC3lb on
assembly 19-1014. The remainder of the system is mounted on assembly
19-1013. The circuit diagrams are given in Fig. 5 and Fig. 7 in Section 7
of this manual.

The Keyboard

The keyboard switches are of the mechanical, push-operated type. When the
microprocessor is not servicing the keyboard all four row lines, entering
assembly 19-1013 at pins 7, 8, 11 and 12, are held at logic '0O', while the
seven column lines, entering the assembly at pins 13 to 19, are held at
logic '1'.

Closure of any switch will result in the corresponding column line being
pulled to logic '0O'. This action generates a IRQ for the microprocessor,
which will then service the keyboard. The generation of the IRQ and the
keyboard servicing procedure are described in the description of the
microprocessor system,

The Liquid Crystal Display

The LCD is a custom built device having 79 segments. The information to be
displayed is fed from the microprocessor in the form of a 96-bit data
string. This enters assembly 19-1013 at pin 22, and is applied to the
data input pins of the shift registers, ICl, IC2 and IC3, in parallel.
The clock lines for the shift registers enter the assembly at pins 20, 21
and 10. The waveforms on these lines are controlled by the microprocessor
system such that 32 bits of the data string are clocked into each
register.

A1l the shift register outputs are switched between logic '0O' and logic
'1' at 30 Hz by the TRUE/COMPLETMENT signal applied to each register at
pin 1. Shift register outputs loaded with logic '0O' from the 96-bit data
string change level in phase with the signal at pin 1, while those loaded
with logic 'l' are in antiphase.

The back plane of the LCD is driven from IC2/36 via Rl, while the display

segments are driven from the remaining shift register outputs. Those
segments driven in antiphase to IC2/36 will darken.
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The LED Indicators

With the exception of the LINE indicator LP1l, which lights whenever the
+5 V supply is available, the LED indicators are controlled by the shift
registers, IC4, IC5 and IC6. An indicator will light when the associated
shift register output is held at logic 'O'.

When a change in the indicator pattern is required suitable data strings
are generated in the microprocessor system. These enter the assembly at
pin 4, and are applied to the data inputs of the three registers in
parallel. The clock Tines of the shift registers enter the assembly at
pins 3, 5, and 6, and carry waveforms, generated in the microprocesor
system, which clock the data into the appropriate register.

THE CALTBRATOR SYSTEM

The system is carried on assembly 19-1016. It contains two independent
calibration sources. These are:

(a) The internal calibration source, which 1is wused during the
automatic internal calibration sequence (ACAL).

(b) The external calibration source, which provides the signal at the
front and rear panel CALIBRATOR sockets wused during the
measurement of FACTORY ECAL and USER ECAL factors.

The circuit diagram is given in Fig. 11 in Section 7 of this manual.

The Internal Calibrator

The signal provided by the internal calibrator simulates the output of a
measuring head. The output waveform consists of bipolar pulses, shaped to
match the output of a measuring head, and having an amplitude of 1 V peak-
to-peak. The pulse frequency is derived from the sampling system VCO, and
so varies between 35 kHz and 70 kHz at a 10 Hz rate. Each output pulse is
coincident with the leading edge of one of the 1.5 us drive pulses to the
second sampler.

The trigger pulses for the calibrator are taken from the VCO at IC13b/5,
and clock a divide-by-two counter in IC16. The counter output, at IC16/5,
is therefore at half the VCO frequency, and has a unity mark/space ratio.
When the calibrator is not in use this output is disabled by a logic 'QO'
at IC16/4, which holds ICl6a in the set state. This logic level is set by
the microprocessor system via the INT CAL SELECT control line.

The transistors Q17, Q18, Q19 and Q20, with ICl7a, form a controlled gain
DC amplifier. When the output at I1C16/5 is disabled (logic 'l') Ql7 is
switched off, and current flows in Q18, Q20 and R77. When the output from
IC16/5 is enabled, Q17 is switched between the on and off states. This in
turn, switches Q20 on and off, giving current pulses in R77.

The current in R77 is stabilised by feedback via R80 to the integrator,
IC17a. The output at ICl7a/1 varies according to the mean level of the
feedback pulses, and controls the current in Q19 and Q18. The mean level
at which the current stabilises is set by means of a voltage added to the
feedback at ICl7a/2. This voltage is adjusted by means of R83.
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The voltage square wave across R77 is shaped (differentiated) by C33/R76,
to provide a bipolar waveform similar to that produced by a measuring
head. Since the square wave is at half the VCO frequency, and an output
pulse is generated by both the leading and trailing pulse edges, the
calibrator output is at the VCO frequency.

External Calibrator

The external calibrator provides a square wave output at 500 kHz having a
true r.m.s. voltage of 223.6 mV when loaded with 50 Q@. The output of a
1 MHz oscillator in 1C15 is divided by two in ICl6 to provide a 500 kHz
signal of accurate unity mark/space ratio at IC16/8. When the calibrator
is not 1in use this output is inhibited by a logic '0O' at IC16/10, which
holds ICléb in the set state. This Tlogic Tlevel 1is set by the
microprocessor system via the EXT CAL SELECT control line.

When the output at IC16/8 is enabled it drives the amplifier formed by
Q21, Q22, Q23, Q24 and IC17b. This amplifier operates in a similar manner
to the one used in the internal calibrator, except that current flows in
Q24, and not in Q23, when the calibrator is inhibited. The calibrator
output is taken across R91, which provides a 50 Q source impedance, and is
fed to both CALIBRATOR sockets in parallel. The correct output level is
only obtained when the system is loaded with 50 2, so that only one socket
may be used at a time.

THE GPIB INTERFACE

The GPIB interface is carried on assembly 19-1017. The circuit diagram is
given in Fig. 13 in Section 7 of this manual.

Address Setting and Recognition

When the interface address is set on the bus by the controller it is
recognised by the General Purpose Interface Adaptor (GPIA), IC2, by
comparison with the interface address held in an internal address
register. The address set on the rear panel switches is read by the
microprocessor and written into the GPIA address register every 10 ms.

The microprocessor sees the address switches as an addressable register
within the GPIA. When the GPIA receives the appropriate address it
responds by generating an enable signal (ASE) at IC2/4. This enables
IC12, putting the Tlogic levels set by the address switches onto the data
bus. The microprocessor reads the switch settings from the bus, and then
writes the pattern into the GPIA address register.

Operation as a Listener

When the interface is addressed to listen the GPIA conducts the handshake
procedure up to the point where the ready for data (RFD) indication is
given. At this point 1€2/27 is at logic '0O', setting the data line
buffers in IC3 and IC13 to the receive condition. Data from the bus
enters the GPIA data-in register, and an interrupt request is generated by
IC2/40 going to logic '0Q'. This puts IC18/8 to logic 'l' and so enables
IC9¢c, which pulls the microprocessor IRQ line to 0 V.
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The microprocessor interrupt routine will establish the reason for the
interrupt. The GPIA and IC19 are enabled by the GCS signal, and the
direction of data transfer through ICl19 is set by the R/W signal. The
GPIA data-in register is addressed, and the data are transferred to the
microprocessor.

When the data transfer is complete the GPIA cancels the interrupt request
and allows the data accepted (DAC) line to go high. The handshake routine
then continues, and a further data byte, if available, is loaded into the
data-in register. The interrupt and data transfer sequence is then
repeated.

Operation as a Talker

When the GPIA is addressed to talk the data-out register will normally be
empty. Under these conditions an interrupt request 1is generated by
putting IC2/40 to logic '0O'. This output is used to generate an interrupt
request for the microprocessor, via IC18, ICl14d and IC9c, and to set
IC10a.

When IC10a is set a logic 'l' is applied to IC11/10. Since IC10b is
normally reset, and 1C2/27 is at logic 'l' when the GPIA is addressed to
talk, IC11/9 and 11 are also at logic 'l', giving logic 'O' at ICI11/8.
This open circuits the bilateral switches between TPl and TP2, breaking
the RFD line to IC2/18. Even if the listening device asserts that it is
ready for data, the GPIA will not attempt to load the contents of the
data-out register onto the bus, as IC2/18 is held at Tlogic 'O' by the
bilateral switch in IC6 which is driven from IC4b.

The microprocessor interrupt routine will establish the reason for the
interrupt. The GPIA and IC19 are enabled by the GCS signal, and the
direction of data transfer through IC19 is set by the logic Tevel on the
R/W line. The GPIA data-out register is addressed and a data byte is
written into the register.

Following the data transfer the microprocessor sets data bus Tine BDO to
'0' and addresses ICl5, using address 1lines A0, Al and A2, so that the
microprocessor enable (E) pulse 1is directed to IC10a/ll. This clocks
IC10a to the reset condition, giving a logic '0O' at IC11/10. The
bilateral switches in IC6 reconnect the RFD line to the GPIA, and release
IC2/18 from O V. When the RFD 1line puts IC2/18 to logic 'l' the GPIA
loads the contents of the data-out register onto the bus and continues
with the handshake sequence.

If, for any reason, the GPIA 1is taken out of the talk state part way
through a message, the data-out register will be Tleft containing an
untransmitted data byte. This situation can arise, for example, if the
controller stops the message in order to conduct a serial poll.

When the GPIA is readdressed to talk, either of two requirements may
apply. The GPIA may be required to continue with the interrupted message,
or may be required to transmit a byte (e.g. the status byte) other than
that held in the data-out register. The two situations are distinguished
by whether there has, or has not, been a data transfer between the GPIA
and the microprocessor since the GPIA left the talk state.

5-25



5.3.6.4.7

5.3.6.4.8

5.3.6.4.9

5.3.6.5
5.3.6.5.1

5-26

In the latter case ICl0a will be in the reset condition, giving a logic
'0' at IC10a/9 and a logic 'l' at IC11/8. The bilateral switches of IC6
between TPl and TP2 will be in the conducting condition, so the RFD line
to IC2/18 is unbroken. When the GPIA is addressed to talk the byte in the
data-out register will be transmitted, followed by the remainder of the
interrupted message.

If a data transfer from the GPIA to the microprocessor has occurred since
the GPIA Teft the talk state, ICl10a will have been set by the last
interrupt request from 1C2/40. This will be the situation if, for
example, a serial poll is to be conducted, as the serial poll enable (SPE)
message byte will have been received and transferred. When the GPIA is
addressed to talk, IC2/27 goes to logic 'l', and, because ICl11/9 and 10
are at logic 'l', the RFD Tline is broken by IC6. When the listener sets
the RFD Tine high IC18/1 is put to logic 'l'. Since IC18/2 and 13 are at
logic 'l' an interrupt request to the microprocessor is generated via
IC14d and IC9c. The microprocessor will see this as a demand for fresh
data from the GPIA, and will over-write the byte held in the data-out

register.

During a serial poll, after transferring the status byte to IC2, the
microprocessor addresses IC15 to direct the enable (E) signal to ICl0b,
clocking it to the set state. If the byte transferred is not the status
byte, IC15 is addressed to direct the enable signal to ICl0a, clocking it
to the reset state. In either case IC11/8 will go to logic 'l', the RFD
input will be connected by IC6 to 1IC2/18, and the byte will be
transmitted.

Detection of the Serial Poll Disable Message

When a serial poll sequence has been completed the controller sends the
serial poll disable (SPD) message. This is detected by IC8b, ¢ and d and
IC1, giving a logic '0O' at IC1/8. This returns ICl10b to the reset
condition, giving a logic 'l' at ICl1/9 and disconnecting the RFD Tine
from 1C2/18 at ICé.
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APPENDIX 1
ANALYSIS OF RMS MEASURING CIRCUIT

5.A.1.1 The block diagram of the measuring circuit is shown in Fig. 5.7. The voltages Vs
and Vn represent the signal and noise inputs from the preceding circuit, while
Vox and Voy are the input offset voltages occurring at the multiplier inputs.
The input Vc is a voltage generated during the auto-zero period and injected into
the circuit during the following measurement period.

/N

Vo Vv,
>< ./-dt L—F--

v“}: Input Offsets

Fig. 5.7 Feedback Loop

5.A.1.2 At the multiplier output:

Vo N (Vs * vn * Vox * VF) (Vs oVt Vo B VF)

y

B (Vs * vn * Vox) (Vs * vn * vo ) - vF (Vs * vn * Vox) * vF (Vs * vn * vo

Y y

= (vS + vn)2 + (V. +V Ve (Vox - Voy) - VF2

ox oy) (Vg + V) + Vo,V

ox oy

(V.. +V )+Vn(v +V )+ (V..V )‘VF(Vox‘Voy)‘VF

-y 2 2
Yo vVt 2stn vy ox oy ox oy 0X 0y

S

Since Vs and Vn are AC quantities, and so have mean values of zero, at the amplifier input

_y 2 2 2
Vo Vo = Voo + V7 + Vo Voy - Ve (Vox - Voy) - Vet Ve
But Vg = A[v, + VJ, and if A is large V, + Vg =¥ = 0
) 2 2
0 vF ¥ VF (Vox - Voy) - (Vs * Vn ¥ Voxvoy * Vc)
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If the sense of the feedback voltages to the x and y inputs is reversed the

last expression becomes

_ 2
0= V2 - Vg (v, - V) - (V2 VB

0X oy v

v

x Yoy * c)

The difference between the two expressions is the sign of the second term.
Thus, if the feedback sense is switched at a rate such that the integrator
provides adequate averaging, the mean value of this term is zero, and it

can be ignored. Such feedback switching thus reduces the effect of the
offsets at the multiplier input.

ing 0 = .2 2 .
Solving 0 = Ve2 - (V% + v 2+ v Vo + Vo) for Vp gives

- 2 2
VF —M/VS VT Voxvoy + V.

The required output from the circuit is

- 2
VF = VS _

2
so the actual output shows an error ofJVn + Voxvoy + VC

The voltage V. is generated in the auto-zero circuit. During auto-zeroing
Vg is made zero, and the residual value of VF is integrated. This
integral is injected as V., such that the residual value of Vg is driven
to zero. At this point

_ 2
Vc - (Vn * Voxvoy)

Vo is maintained during the measurement period, so that the unwanted input
to the amplifier due to noise and the multiplier input offsets is

cancelled.
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APPENDIX 2
OPERATION OF LINEARISED TRANSCONDUCTANCE MULTIPLIER

5.A.2.1 A schematic circuit of the multiplier is given in Fig. 5.8. The inputs
are the differential current inputs at 1 and 2. It is a property of this
circuit that the ratios Ip/Ig and Is/IR are equal, and are equal to the
ratio of the currents in the 1linearising networks. (Proof of this
property is unnecessary for the purposes of this manual).
LINEARISING 1
NETWORK O B {lex)
INPUT 1
———ols(1-x)
Q R —C T B
LINEARISING
NE TWORK ) y INPUT 2
O IE“’Y)
S i S e S
J) OUTT’UT (L
Fig. 5.8 Multiplier Operation
5.A.2.2 If the currents at input 1 with zero input signal are both Ig, then the
currents with an applied signal of 2Igx will be Ig(l+x) and Ig(l-x). The
currents at input 1 form the currents in the linearising networks, and so
set the ratios of the collector currents Ip/Ig and IS/IR to (1+x)(1-x).
5.A.2.3 The currents at input 2 with a signal of 2Igy will be Ig(l+y) and Ig(l-y).

9303

The collector currents of the multiplier transistors will then be:

Ip = 3IF (1+y)(1+x) Two currents having a total of IE(l+y)

Ig = 41 (1+y)(1-x) and a ratio 1+x/1-x (equal to the ratio of the
linearising networks.

Is = 3IF (1-y)(1+x) Two currents having a total of IE(l-y)

In = 3IF (1-y)(1-x) and a ratio of 1+x/1-x.
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5.A.2.4 The multiplier output is the differential current given by
(Ip + Ir) - (Iq + Is) and is proportional to
$IE (1+y)(1+x) + (1-y)(1-x) - (1+y){1-x) - (1-y)(1+x)

= 4Ig . 4xy

_ 1
= ?TE'.ZIBX. 2IEy

The differential output current is therefore proportional to the product
of the differential input currents.
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SECTION 6 MAINTENANCE

6.1
6.1.1

6.2
6.2.1
6.2.1.1

6.2.2
6.2.2.1

6.2.2.2
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INTRODUCTION

This section is written in five parts which relate to:

(a) General maintenance information

(b) Fault finding procedures for assemblies 19-1014 and 19-1017.
(c) Signature analysis on assemblies 19-1014 and 19-1017.

(d) Setting up and calibration procedures.

(e) Dismant1ing and reassembly of the 9303.

GENERAL MAINTENANCE INFORMATION
REPAIR AND CALIBRATION OF THE MEASURING HEAD

Although a circuit diagram, a parts 1list and a description of the
operation of the measuring head are given in this manual, it 1is not
recommended that the customer should attempt to repair or recalibrate this
item. For this reason the calibration procedure given in this section
includes functional checks of the measuring head only. Where the proper
functioning or calibration of a measuring head 1is doubted, it is
recommended that customers should take advantage of the repair and
calibration service offered by Racal-Dana Instruments and their agents.

BATTERY REPLACEMENT

The non-volatile memory is maintained by means of a lithium primary cell,
Racal-Dana part number 23-2513, having an expected in-service life of two
years. The battery voltage is not an indication of the remaining life,
and it is recommended that the cell be changed on a preventive maintenance
basis.

Whenever possible the battery should be changed with the instrument
switched off and disconnected from the AC supply. This will result in
corruption of the non-volatile memory contents, and recalibration of the
measuring heads (FACTORY ECAL) as described in Section 4, paragraph 4.4
must be carried out. If it is essential that the contents of the non-
volatile memory are preserved, it is possible to change the battery with
the instrument connected to the AC supply and switched on.
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WARNING: (1) DANGEROUS AC VOLTAGE LEVELS ARE EXPOSED WHEN THE COVERS ARE

REMOVED WITH THE AC SUPPLY CONNECTED.

(2) BATTERY REPLACEMENT SHOULD ONLY BE CARRIED OUT BY PERSONS
SKILLED IN THE REPAIR OF ELECTRONIC EQUIPMENT.

(3) [IF THE BATTERY IS TO BE CHANGED WITH THE INSTRUMENT SWITCHED
ON, THE TIP OF THE SOLDERING IRON USED MUST BE ISOLATED FROM
EARTH.

(4) LITHIUM BATTERIES CAN BE DANGEROUS IF WRONGLY TREATED.
FOLLOW THE INSTRUCTIONS GIVEN ON THE WARNING PAGE AT THE
FRONT OF THIS MANUAL REGARDING THEIR HANDLING AND DISPOSAL.

The battery is mounted at the left hand side of the upper surface of the
processor board, 19-1014, towards the front of the instrument. Two
different types of battery are supplied by Racal-Dana Instruments. These
are electrically interchangeable, but are connected to the circuit in
different ways. A1l instruments will accept both types of battery.

The procedure for changing the battery is as follows:

(a) Remove the top and bottom covers from the instument as instructed
in paragraph 6.6.2.

(b) Cut the tie wrap securing the battery to the processor board.
Retain the insulating pad which is held by the tie wrap to the
underside of the board.

(c) Unsolder the NEGATIVE connection of the battery. This is the end
of the battery furthest from the front panel of the instrument.
It may be secured to pin 22, or to a through hole in the board
adjacent to pin 22, according to the battery type.

(d) Unsolder the POSITIVE connection of the battery. This may be
secured to pin 23, or to a through hole in the board adjacent to
pin 23.

(e) Solder the POSITIVE connection of the replacement battery into
position.

(f) Solder the NEGATIVE connection of the replacement battery into
position.

(g) Measure the voltage between pin 22 and ground. The voltage

difference must not be more than 10 mV, with pin 22 negative with
respect to ground.

IF THIS CONDITION IS NOT MET DISCONNECT THE BATTERY IMMEDIATELY.
CHECK THAT THE BATTERY POLARITY IS CORRECT, AND THAT IT IS NOT
SHORT CIRCUITED.
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6.2.3.1
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(h) When the voltage between pin 22 and ground is correct, secure the
battery and the insulating pad to the board using a new tie wrap,

Racal-Dana part number 24-0140.

track
board.

SPECIJAL FUNCTIONS FOR MAINTENANCE PURPOQSES

The insulating pad must cover the
in the vicinity of the battery on the underside of the

The special functions 1listed in Table 6.1 are provided for use during

maintenance and calibration.
for operator use, which are listed in Table 4.1 of Section 4,

called by pressing

/X//X//.1/X//SHIFT//SF/

Where XX.X is the special function number.

TABLE 6.1

Additional Special Functions

Special Function
Number

Function

30.0
30.2
97.0
97.1

98.0
9.1

Cancels 30.2

Turns on internal calibrator
Enables and initiates ACAL
Resets all cal factors
Selects manual ranging
Selects 1 V range

Disables automatic ACALs.
Cancels 98.1

Enables all display elements (display check)

They are additional to the special functions
and are
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4.2

1.1

2.1

3.1

TEST SWITCHES

A bank of eight switches, S30, is mounted on assembly 19-1014. It
provides the special facilities shown in Table 6.2 for use during testing
and calibration. The function shown in the table is provided when the
relevant switch is in the closed position (where the slider is moved in
the direction of the arrow moulded on it or towards the switch section
number ).

TABLE 6.2

Test Switch Functions

Switch Section Function
1 Inhibits noise cancellation
2 Selects 30 dB attenuator number 2
3 Inhibits all error indications
8 Indicates the GPIB interface is fitted

It is essential that switches 1 to 7 are set to the open position and
switch 8 is set to the closed position when the 9303 is in use as a
measuring instrument.

FAULT FINDING ON ASSEMBLIES 19-1014 AND 19-1017
INTRODUCTION

The procedure given in the following paragraphs provides a means of fault
finding on assemblies 19-1014 and 19-1017, involving the technique of
signature analysis. The signatures given are those obtained using the
Hewlett-Packard 5004 signature analyser.

ASSEMBLY 19-1014

Suggested procedures to be followed in the event of certain forms of
equipment failure are given in Table 6.3. Where required, signature
analysis should be carried out in accordance with the instructions in
paragraph 6.4.

ASSEMBLY 19-1017

Suggested procedures to be followed in the event of malfunction of the
GPIB interface are given in Table 6.4. Limited signature analysis can be
carried out on assembly 19-1017, as an aid to fault finding, in accordance
with the instructions given in paragraph 6.4. No fault finding on
assembly 19-1017 should be attempted unless assembly 19-1014 is known to
be functioning correctly.
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TABLE 6.3

Fault Finding Procedure, Assembly 19-1014

Fault

Procedure

Random LCD elements or LED indicators
come on when 9303 is switched on.
Keyboard is inoperative.

(a)

Check that RESET pulse occurs at
IC30/40 when 9303 is switched on.

Check that TP9 is at logic '0'.

Check address bus signatures at
IC16, 17, 18 and 19 sockets.

Check data bus signatures.

(e) Check the OPE signal signature at
IC32/4.
(f) Check the display and LED clock
signatures at I1C32/10, 11, 12, 13,
14 and 15.
A11 LCD elements on. (a) Check that TP9 is at logic 'O'.
Keyboard is inoperative.
(b) Check address bus signatures at
IC20 and IC21 sockets.
(c) If signatures are correct, change
I1C20 and/or IC21.
Er23, Er24, Er25 or Er26 permanently (a) Check address bus signatures at
displayed IC16, 17, 18 and 19 sockets.
(b) If signatures are correct, change
I1C16, 17, 18 and/or 19.
Display or LED's not operating (a) Check signatures at IC32/1, 2, 3,
4, 10, 11, 12, 13, 14 and 15.
(b) Check for 30 Hz waveform of exact
1:1 mark/space ratio at I1€33/10.
Keyboard inoperative or partially operative (a) Check KEY ENABLE and KEY ENABLE

(b)

signatures at 1€28/19 and IC37/9.

Check row scan signal signatures at
1C27/8.

Incorrect selection of range, calibrator
or measuring head. Incorrect selection of
digital output of IC9.

Check signatures at IC34/1, 2, 3, and 4,
IC11/23 and 1C12/23.
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TABLE 6.4

Fault Finding Procedure, Assembly 19-1017

Fault Procedure
Instrument will not go into Talk, Listen (a) Set the TALK ONLY address switch to
or Remote. logic 'l' and check that the TALK

annunciator appears in the display.
If it does not check that switch 8
of S30 on assembly 19-1014 s
closed. Reset the TALK ONLY
address switch to logic '0'.

(b) Carry out the signature analysis
procedure for assembly 19-1017.

(c) Set the instrument's address to
00000.

(d) Connect a GPIB monitor, set to act
as a controller, to the 9303 GPIB

connector.
(e) Set the DAV message false (high).

(f) Set the REN and ATN messages true
(Tow).

(g) Check that the 9303 responds and
puts NRFD and NDAC true, followed
by NRFD false.

(h) Set DIO8 to DIOl to 00100000, and
set DAV true. The 9303 should
respond by setting NRFD true. The
9303 should set NDAC false.

(j) Set DAV false. The 9303 should
respond as in step (g).

(k) Set ATN false (high). The 9303
should go to the remote state, and
the REMOTE indicator should light.

In the event of failure at any stage, check that the logic levels at IC2 on assembly
19-1017 are the same as those at the controller.
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TABLE 6.4 (Continued)

Fault Finding Procedure, Assembly 19-1017

Fault

Procedure

Instrument will go to Tlisten but not remote. (a)

(d)

Carry out steps (a) to (g) as
instructed above.

Set DIO8 to DIOl to 0100000 and set
DAV true. The 9303 should respond
by setting NRFD true and NDAC
false.

Set NRFD false and NDAC true by
means of the GPIB monitor.

Set ATN false. The 9303 should
respond by setting DAV true.

In the event of failure at any stage, check that the logic levels at IC2 on assembly

19-1017 are the same as those at the controller.
the functioning of the interrupt circuitry.

If failure occurs at step (d) check

Instrument sends incorrect data when talking. Check
trans

data bus lines and bus
ceivers on assembly 19-1017 to

ensure both logic Tevels are possible.

9303
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SIGNATURE ANALYSIS
PREPARATION FOR SIGNATURE ANALYSIS

Switch off the dinstrument and disconnect the AC supply. Remove the
covers, as instructed in paragraph 6.6.2, and carry out the following
operations on assembly 19-1014:

(a) Remove ICs 11, 12, 20 and 21

(b) Short circuit TP8 to TP4

(c) Set switch 1 on switchbank S30 to the closed position (where the
slider 1is towards the switch section number). Set the remaining

switches of S30 to the open position.

If analysis is to be carried out on assembly 19-1017, IC2 on that assembly
must be removed in addition to the operations given in paragraph 6.4.1.1.

CONNECTION OF THE SIGNATURE ANALYSER

Connect the signature analyser as follows:

(a) CLOCK input to TP5, negative edge trigger.

(b) START and STOP to IC25/3, positive edge trigger.
(c) GROUND to TP4.

ANALYSIS PROCEDURE

WARNING: THIS PROCEDURE REQUIRES THE INSTRUMENT TO BE OPERATED WITH THE
COVERS REMOVED. LETHAL VOLTAGE LEVELS ARE EXPOSED UNDER THESE
CONDITIONS.

Connect the 9303 to the AC supply and switch the instrument on. Apply the

probe of the analyser to the points given in Table 6.5, and check that the
correct signatures are obtained.
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TABLE 6.5

System Signatures for Assembly 19-1014

Test Point Signal Name Signature
1€C29/9 Data Bus 0001
I1C29/3, 5, 7, 12, 14, 16 and 18 Data Bus 0000
1€23/9 AO 5555
IC23/12 Al cccc
1C23/7 A2 7F7F
1C23/14 A3 5H21
1C23/5 A4 OAFA
1C23/16 A5 UPFH
1C23/3 A6 52F8
1C23/18 A7 HC89
1C23/3 A8 2H70
I1C24/14 A9 HPPO
1C24/9 Al0 1293
1C24/7 All HAP?7
1€25/1 Al2 3C96
1C25/2 Al3 3827
I1C16/18 R1 F2A6
IC17/18 R2 ROM PCOl
I1C18/18 R3 ENABLE 1203
IC19/18 R4 4P0OA
TP6 IC26 ENABLE 6H49
1C26/9 IC22/29 ENABLE H814
1€26/12 KEYBOARD SERVICE ENABLE HFP6
1C36/12 KEYBOARD SERVICE ENABLE HFP7
IC37/8 ROW 1 SCAN 6F 34
IC37/6 ROW 2 SCAN See 495C
1C37/11 ROW 3 SCAN Note 1 AP72
I1C37/3 ROW 4 SCAN U45A
ROW 1 SCAN 6F 35
1C27/8 ROW 2 SCAN See 495A
ROW 3 SCAN Note 2 AP73
ROW 4 SCAN U45C
IC26/11 OPE 47F9
IC32/15 HFU5
1C32/14 C73F
1€32/13 SERIAL DATA PHFP
IC32/12 CLOCKS 3C72
IC32/11 FPHH
1€C32/10 C3Cé
1C26/4 RAM ENABLE A8C1
I1C26/10 IC34 ENABLE 86F3
IC34/15 IC12 ENABLE 0P84
IC34/14 IC11 ENABLE UFUA
IC34/12 GPIB ENABLE PHHO
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NOTE: (1)

(2)

6.4.3.2

6.4.3.3

6.4.3.4

6-10

The same ROW SCAN signature is obtained when any key in a row is pressed.
A check of every key should be made.

A signature is obtained at IC27/8 when any key is pressed. Although the
probe is applied to a single point, each key row has its own signature.

If signature analysis on assembly 19-1017 is required it should be carried
out at this stage, before carrying out the data bus analysis on assembly
19-1014. Apply the probe of the analyser to the points given in Table 6.6
and check that the correct signatures are obtained.

TABLE 6.6

System Signatures for Assembly 19-1017

Test Point Signal Name Signature
1C14/4 A3 5H20
IC14/6 GPIB ENABLE PHH1
IC11/6 IC2 SELECT 341A
IC15/15 IC10b CLOCK 053A
IC15/14 IC10a CLOCK 3HAS8
IC15/13 IC9a ENABLE 3052
IC15/12 IC7a RESET OF15
IC15/11 IC9b ENABLE 8304

The data bus signatures for assembly 19-1014 depend upon the hardware
build state of the instrument and the issue number of the software fitted.
For this reason no table of signatures is given. It is essential that the
ROMs fitted belong to the same hardware compatible set, that they are of
the same issue number, and that they are fitted in the correct positions,
as shown in Table 6.7. It should be noted that the part numbers for the
ROMs in a set are the same for all software issue numbers, but the issue
number is marked on the component body.

When the signature analysis 1is completed, switch off the 9303 and
disconnect the analyser. On assembly 19-1014 remove the link from between
TP8 and TP4. On switch bank S30, return switch 1 to the open position and
set switch 8 to the closed position. Replace the instrument covers.
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TABLE 6.7

Integrated Circuit Locations

IC Number| Type Racal-Dana Part Number
Build State 1 Build State 2 Build State 3
16 2732 22-8515 22-8540 22-8570
17 2732 22-8514 22-8539 22-8569
18 2732 22-8513 22-8538 22-8568
19 2732 22-8512 22-8537 22-8567
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6.5.
6.5.

6-12

1
1.1

CALIBRATION PROCEDURE

WARNING: THIS PROCEDURE REQUIRES THE INSTRUMENT TO BE OPERATED WITH THE
COVERS REMOVED. LETHAL VOLTAGE LEVELS ARE EXPOSED UNDER THESE
CONDITIONS.

INTRODUCTION

The procedure given in the following paragraphs provides the means of
calibrating the 9303. It is essential that the tests be carried out in
the order given, since the results obtained depend, in many cases, on
successful completion of previous tests. The procedure should always be
followed before returning the 9303 to use after repair. It may also be
used as the basis for testing to check the functioning of the instrument.

CAUTION: When the procedure is used to test the functioning of the
instrument special function 97.1 must NOT be used, nor should
any variable component be adjusted.

TEST EQUIPMENT REQUIRED

The test equipment required js listed in Table 6.8. A particular model of
instrument is recommended in some cases, but other instruments having the
required parameters may be used.

TEMPERATURE DURING CALIBRATION

Throughout the calibration procedure the ambient temperature must be
maintained within the range from 18%¢ to 28°c. During the setting up of
the external calibrator circuit the ambient temperature must be maintained
between 219C and 25°c.

SIGNAL SOURCE LEVEL SETTING

At several points in the procedure instructions are given to set the level
of a signal generator output to a prescribed level. Except where other
tolerances are given for a specific setting, all settings must be made to
a tolerance of *1%. Additional test equipment, not shown in Table 6.8,
may be required to set the level to this degree of accuracy.

ADDITIONAL MEASURING HEAD

The instructions given are for a 9303 fitted with a single measuring head.
If an instrument is to be used with two measuring heads, the setting up of
both INPUT sockets and testing of both measuring heads should be carried
out at the same point in the procedure. The required accuracy must be
achieved for both sockets or measuring heads at each stage before
proceeding further. The two CALIBRATOR sockets must NOT both be loaded at
any point in the calibration procedure.

9303



TABLE 6.8
Test Equipment Required for Calibration

Item Description Required Parameters
Recommended Model
1 Multimeter AC Volts: 90 V to 264 V
AVO Model 8 Ohms: 1 @ to 41 @
2 Digital Voltmeter DC Volts: 15 V with 10 mV resolution
Racal-Dana Model 4005 5V with 0.1 mV resolution
50 mV with 0.01 mV resolution
2 mV with 1uV resolution
3 Oscilloscope with Bandwidth 100 MHz
Qty 2/X10 Probes Qty 1/X1 Probe
H.P. 1740A

4 Signal Generator Frequency range: 10 kHz to 2 GHz
Maximum output: +19 dBm

5 Power Meter

H.P. 436A with HP8482A and VSWR better than 1.05 to 1 GHz
H.P. 8482H sensors.

6 Spectrum Analyser To measure relative powers in the range
15 to 30 dB over the frequency range
from 100 MHz to 2 GHz.

7 VSWR Bridge Type N male and female connections

Wiltron Type 60N50 and 60NF50 Directivity not less than 46 dB.
8 Fixed Attenuator (2) 10 dB VSWR better than 1.05 to 1 GHz
Radiall Type 414710 VSWR better than 1.12 from 1 GHz
to 2 GHz.

9 Switchable Attenuator 0-90 dB in 1 dB steps
Accuracy *0.01 dB at 500 kHz

10 50 @ Load Type N female

11 Thermocouple Input impedance 50 @ *1%. To accept

Ballantine 1395A-0.4 0 dBm. Reversal error not more than
+0.1%. Output to be not more than
0.02 dB down at 10 MHz, and not more
than 0.5 dB down at 100 MHz, relative to
output at DC.

12 DC Power Supply 5 V settable to +0.5 mV, and 50 mV,
settable to +0.15 mV.

13 Variac To supply O V to 264 V from 240 V supply

or 0 V to 132 V from 110 V supply at
50 VA.

9303
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6.5.6
6.5.6.1

6.5.6.2

6-14

SETTING UP THE POWER SUPPLIES

Test equipment required:

Description Table 6.8 Item No.
Multimeter 1
Digital Voltmeter 2
Variac 13

(a)
(b)
(c)

Disconnect the power lead from the power input plug.
Put the LINE switch to ON.

Set the supply voltage selector to each of the positions shown in
Table 6.9 in turn. Measure the resistance between the line and
neutral points on the rear of S29 on assembly 19-1014, and ensure
that the correct values are obtained. Ensure that the value
obtained for the 120 V setting is greater than that obtained for
the 100 V setting, and that the value obtained for the 240 V
setting is greater than that for the 220 V setting.

Set the voltage selector to suit the local AC supply. Check that
the correct supply fuse for this setting is fitted.

TABLE 6.9

Power Input Resistance

Voltage Selector Setting Resistance

100 V 6 Q-11Q
120 v 6 @ -11Q
220 V 24 @ - 37 Q
240 V 26 0 -41 @
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6.5.6.3 On assembly 19-1014:

(a) Remove the integrated circuits shown in Table 6.10.

CAUTION: Ensure that the ROMs, ICl6, 17, 18 and 19 can be
identified to ensure replacement 1in the correct
sockets.

TABLE 6.10
Integrated Circuit Locations
Racal-Dana Part Number
IC Number | Type Build State 1 | Build State 2 | Build State 3

9 8750

11 6821

12 6832

16 2732 22-8515 22-8540 22-8570
17 2732 22-8514 22-8539 22-8569
18 2732 22-8513 22-8538 22-8568
19 2732 22-8512 22-8537 22-8567
20 6514-9

21 6514-9

30 6802

(b) Set all sections of the switch bank S30 to the open position
(where the slider is furthest from the switch section number).

(c) Measure the resistance from IC39/3 to ground, with the current
source lead of the meter to I1C39/3. The resistance must be
greater than 30 gq.

(d) Measure the resistance from I1C38/3 to ground, with the current
source lead of the meter to ground. The resistance must be
greater than 30 Q.

(e) Measure the resistance from TP3 to ground, with the current source
lead of the meter to TP3. The resistance must be greater than
30 a.

6.5.6.4 Check the resistance between the earth pin of the power input plug and the

9303

outer ring of the DIN socket on the front panel. The resistance must bhe
less than 1 q.
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6.5.6.5

6.5.6.6

6.5.6.7

6-16

Set the 9303 LINE switch to OFF. Using the power supply lead, connect the
earth pin of the power input plug to a good earth point. Connect the Tine
and neutral pins to the output of the variac. Connect the multimeter to
monitor the variac output. Connect the measuring head to the rear panel
INPUT socket.

(a) Switch on the AC supply to the variac. Adjust the variac to give
an output equal to the setting of the supply voltage selector.

(b) Switch on the 9303. Using the DVM, measure the voltage, relative
to 0 V, on pin 2 of the front panel INPUT socket (see Fig. 6.1).
Adjust R44 on assembly 19-1014 until the measured voltage is
between +14.99 V and +15.01 V.

(c) Transfer the DVM to measure the voltage, relative to O V, on pin 5
of the front panel INPUT socket. Adjust R49 on assembly 19-1014
until the measured voltage is between -14.99 V and -15.01 V.

Fig. 6.1 Input Socket
(Viewed from the front)

(d) Transfer the DVM to measure the voltage at TP3 on assembly 19-1014
relative to O V. The voltage must be +5 V #0.25 V.

(e) Transfer the DVM to measure the voltage at pin 1 of R34. The
voltage must be +9.3 V #1 V.

(f) Transfer the DVM to measure the voltage at TP10. The voltage must
be 4.9V 0.4 V,

Adjust the variac to give an output equal to the upper voltage limit
relating to the supply voltage selector setting, as given in Table 6.11.
Measure the +15 V, -15 V, +5 V and +9.3 V supplies at the points given in
the previous paragraph. Adjust the varijac output to the lower voltage
1imit and repeat the measurements. The voltages must not have changed by
more than 100 mV,.

9303
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6.5.6.8

6.5.6.9

6.5.6.10

9303

TABLE 6.11

Voltage Requlation Test Limits

Voltage Selector Setting Upper Limit Lower Limit

240 V 269 V 210 v
220 V 246 V 193 V
120 v 134 v 105 v
100 V 112 v 88 V

On assembly 19-1014:

Transfer the DVM to measure the voltage at TP9 relative to O V.
Turn R25 fully anti-clockwise.

Reduce the variac output to zero, and then increase it to the
lower limit given in Table 6.11.

Turn R25 clockwise until the voltage at TP9 switches to a level
less than +0.5 V.

Reduce the variac output until the voltage at TP9 switches to a
level greater than +2.4 V. The variac output must be greater than
the voltage given in Table 6.12.

TABLE 6.12

Switching Level

Voltage Selector Setting Minimum Switching Voltage

240 V 180 V
220 V 165 V
120 v 90 Vv
100 v 75V

Switch off the 9303 and the supply to the variac. Disconnect the 9303
from the variac. Replace the integrated circuits listed in Table 6.10.
Connect the 9303 to the AC supply.
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6.5.7
6.5.7.1

6.5.7.2

6.5.7.3

6.5.8
6.5.8.1

6.5.8.2

6-18

SETTING UP ASSEMBLY 19-1014

Test equipment required:

Description Table 6.8 Item No.
Digital Voltmeter 2
DC Power Supply 12

Remove PL15 from assembly 19-1014. Connect the 5 V DC supply between TP2
and 0 V, positive to TP2. Measure the voltage at TP2 with the DVM, and
adjust the DC supply to give a voltage of 5 V 20.5 mV.

(a) Switch on the 9303.

(b) Press /9//7//.//Y//SHIFT//SF/.

(c) Adjust R15 until the 9303 indicates 1.000 +0.001.

(d) Press /9//7//.//0//SHIFT//SF/. Wait for the ACAL cycle to finish,
and check that the 9303 indicates 1.250 +0.001.

(e) Adjust the DC supply to give a voltage of 50 mV 20.15 mV at TP2.
Check that the 9303 indicates 0.013 #0.001.

(f) Remove the DC supply from TP2. Short circuit TP2 to TPl and check
that the 9303 indicates 0 x0.002. An error indication is normal.

(g) Switch the 9303 off. Remove the short circuit between TP2 and TP1
and replace PL15.

SETTING THE MEASURING HEAD BIAS BALANCE

Test equipment required:

Description Table 6.8 Item No.

Oscilloscope 3
X10 Probe
X1 Probe

Connect the measuring head to the INPUT socket which will be calibrated
for its use. Terminate the head with the matched 50 Q load. Connect the
oscilloscope, via a X1 probe, to monitor TP7 on assembly 19-1016. Use
external, negative-edge triggering, taking the trigger signal, via the X10
probe, from TP1ll on assembly 19-1016.

(a) Switch the 9303 on. Select FRONT or REAR, as appropriate.
(b) Select the manual ranging mode, and the 3.162 V range.
(c) Adjust R68 on assembly 19-1016 to obtain the best waveform in

accordance with Fig. 5.2. Note that there is a delay in circuit
response to adjustment of R68.

(d) Disconnect the test equipment.
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9303

Fig. 6.2 Bias Balance Waveform

SETTING THE SECOND SAMPLER PULSE WIDTH

Connect the measuring head to the INPUT socket which will be calibrated
for its use. Terminate the head with the matched 50 @ load, and insert it
into the appropriate CALIBRATOR socket.

(a) Select FRONT or REAR as appropriate.

(b) Press /WATTS/,/METER/ and /AUTO/.

(c) Press /3//0//.//1//SHIFT//SF/.

(d) Adjust R99 on assembly 19-1016 to obtain the maximum indication
possible. The analogue display will be found to be of assistance.

(e) Press /0//SHIFT//SF/.
SETTING THE INTERNAL CALIBRATOR

Test equipment required

Description Table 6.8 Item No.
Oscilloscope 3

X10 Probe (2)

Signal Generator 4

50 Q load 10

Connect the signal generator output to the 50 Q Toad. Connect the probes
to the two Y-channel inputs on the oscilloscope, and monitor the signal
across the 50 Q@ load with both channels of the oscilloscope. Use internal
triggering.
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6.5.10.3

6.5.11
6.5.11.1

6.5.11.2

6-20

(a) Set the signal generator output to a frequency of 500 kHz at a
level of 1 V #0.005 V peak-to-peak.

(b) Adjust the oscilloscope Y channel sensitivities until both channel
indications are set to the same level at the greatest convenient
amplitude.

(c) Press /RECALL//0//0/ and /3//0//.//2//SHIFT//SF/.

(d) Transfer the probe feeding the channel which 1is providing
triggering to monitor IC7/5 on assembly 19-1016. This channel
will provide a steady display of the calibrator output, while the
other channel will provide an unlocked display of the signal
generator output.

(e) Adjust R83 on assembly 19-1016 until the peak-to-peak amplitudes
of the two displayed waveforms are identical.

(f) Press /0//SHIFT//SF/ and disconnect the test equipment.
SETTING THE EXTERNAL CALIBRATOR

Test equipment required:

Description Table 6.8 Item No.
Digital Voltmeter 2
Signal Generator 4
Thermocouple 11

Press /3//0//.//1//SHIFT//SF/. Wait 15 minutes for 9303 temperature to
stabilise. Connect the DVM to measure the output of the thermocouple.
Set the output of the signal generator to a frequency of 500 kHz at a
level of 0 dBm #0.004 dB. Connect the output of the signal generator to
the thermocouple input. The following procedure must be completed within
a period of 10 mins._ During this time the ambient temperature must be
maintained between 21°C and 25°C.

(a) Note the reading on the DVM.

(b) Transfer the thermocouple input to the front panel CALIBRATOR

socket of the 9303.

(c) Adjust R86 on assembly 19-1016 to obtain the same reading on the
DVM as was noted in (a) #0.1 %.

(d) Transfer the thermocouple input to the rear panel CALIBRATOR
socket and note the DVM reading.

(e) Adjust R86 until the reading obtained at the rear panel CALIBRATOR
socket is the arithmetic mean of the readings obtained in (c) and
(d). Note the final reading obtained.
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6.5.12
6.5.12.1

6.5.12.2

6.5.12.3

9303

(f) Transfer the thermocouple input to the front panel CALIBRATOR
output and note the DVM reading. Ensure that this reading and the
final reading obtained in (e) are both within #*0.1% of the reading
obtained in (a). :

(g) Press /0//SHIFT//SF/ and disconnect the test equipment.

SETTING THE UPPER RANGE ATTENUATORS

Test equipment required:

Description Table 6.8 Item No.
Signal Generator 4
Switchable Attenuator 9

Connect the measuring head to the INPUT socket which will be calibrated
for its use. Terminate the head with the matched 50 @ load. Connect the
attenuator, set to O dB, to the signal generator output. Set the signal
generator output to a frequency of 500 kHz at a Tevel which gives +13 dBm
at the attenuator output. Connect the measuring head to the attenuator
output. Set the attenuator to 30 dB.

(a) Press /2//0//.//2//SHIFT//SE/ JWATTS/
and /1//0//STORE//SHIFT//AVERAGE/.

(b) Select the manual ranging mode, and step the 9303 to the 20 uW
range. Select FRONT or REAR, as appropriate.

(c) Press /STORE//RATIO//RATIO/. This will store the measured value
in the RATIO store and put the 9303 to the ratio measurement
function. The display will now indicate 1.000 * 0.001

(d) Step the 9303 to the 200 upW range, and set the attenuator to
20 dB.

(e) Adjust R36 on assembly 19-1016 until the 9303 indicates 10 #0.05.

(f) Set the attenuator to 40 dB and step the 9303 to the 2 uW range.
press /STORE//RATIO/.

(g9) Step the 9303 to the 200 pW range, and set the attenuator to
20 dB.

(h) Adjust R26 on assembly 19-1016 until the 9303 indicates 100 * 0.5.

(j) Set the attenuator to 30 dB. On assembly 19-1014, set switch 2 of
switch bank S30 to the closed position (with the slider towards
the switch section number). Step the 9303 to the 20 uW range and
press /STORE//RATIO/.

(k) Step the 9303 to the 20 mW range and set the attenuator to O dB.
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6.5.13
6.5.13.1

6.5.13.2

6.5.13.3

6-22

(q)

Adjust R16 on assembly 19-1016 until the 9303 indicates 1000 #5.
Return S2 of switch bank S30 to the open position.

Set the attenuator to 40 dB. Step the 9303 to the 2 puW range and
press /STORE//RATIO/.

Step the 9303 to the 2 mW range and set the attenuator to 10 dB.
Adjust R4 on assembly 19-1016 until the 9303 indicates 1000 #5.

Disconnect the test equipment

FINAL ATTENUATOR SETTING

Test equipment required:

Description Table 6.8 Item No.
Signal Generator 4
50 Q Load 10

Connect the measuring head to the INPUT socket which will be calibrated
for its use. Terminate the head with the matched 50 Q@ load and connect it
to the signal generator output. Set the signal generator output to a
frequency of 500 kHz at a Tevel of 0 dBm *0.008 dB.

Select FRONT or REAR as appropriate.

Press /1//0//STORE//SHIFT//AVERAGE/, /VOLTS/ and
/7//0/7.//1//SHIFT//SF/.

The 9303 will go through a FACTORY ECAL cycle. The factor
measured will be stored.

Disconnect the measuring head from the signal generator output.
Load the measuring head input port with the additional 50 Q load.

Press /7//0//.//1//SHIFT//SF/.

The 9303 will go through a second FACTORY ECAL cycle. The factor
measured in (b) will not be changed, but a new noise figure will
be measured and stored.

Remove the 50 @ load from the measuring head input port, and

reconnect the measuring head to the signal generator output.
Select the manual ranging mode and step through to the 316.2 uV

range.
Reset the signal generator output to -57 dBm *0.01 dB.

Adjust R118 on assembly 19-1016 until the 9303 indicates 316 puV
+1aVv.

Repeat (b) to (g) until no further adjustment of R118 is required.

9303



6.5.14
6.5.14.1

6.5.15
6.5.15.1

6.5.15.2

9303

NOTE :

(3)

The final FACTORY ECAL factor and noise figure stored will be used
on all measurements made via the INPUT socket in use. If any
measuring head other than that used in this test is to be used in
this socket, a fresh FACTORY ECAL must be carried out.

Disconnect the test equipment.

CHECKING MEASURING HEAD GAIN

Connect the measuring head to the INPUT socket calibrated for its use.
Terminate the head with the matched 50 Q Tload and insert it into the
appropriate CALIBRATOR socket.

(a)
(b)
(c)
(d)
(e)

Press /RECALL//0//0/.

Select FRONT or REAR, as appropriate.
Press /3//0//.//1//SHIFT//SF/.

Check that the 9303 reads 223.6 mV +1 mV.
Press /0//SHIFT//SF/.

NOISE CHECKS

Test equipment required:

Description Table 6.8 Item No.
50 Q2 Load 10

Connect the measuring head to the INPUT socket calibrated for its use.
Terminate the head with the matched 50 Q Toad and the additional 50 Q

load.

Press /RECALL//0//0/. Select FRONT or REAR as appropriate.

On assembly 19-1014 set switch 1 of switch bank S30 to the closed
position (where the slider is towards the switch section number).

Check that the 9303 indicates less than 200 gV.

Press /WATTS/ and /NULL/. Check that the 9303 indicates 0.000 nW
+ 0,001 nW.

Remove the 50 @ Tload from the measuring head input port and
connect the head to the appropriate CALIBRATOR socket.

Check that the 9303 indicates 0.000 nW # 0.01 nW.
Disconnect the test equipment. Return switch 1 of switch bank S30

to the open position. Ensure that switch 8 of S30 is set to the
closed position.
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6.5.16
6.5.16.1

6.5.16.2

6.5.16.3

6-24

LINEARITY ADJUSTMENT

Test equipment required

Description Table 6.8 Item No.
Signal Generator 4
Switchable Attenuator 9

Connect the measuring head to the INPUT socket calibrated for its use.
Terminate the head with the matched 50 @ Tload, and connect it to the
output of the attenuator. Set the attenuator to 20 dB, and connect the
attenuator input to the signal generator output. Set the signal generator
to an output of 500 kHz at a level giving -7 dBm at the attenuator output.
Set the attenuator to 0 dB.

(a)

Press /RECALL//0//0/. Select the manual ranging mode, and step
through to the 1 V range. Press /5//STORE//SHIFT//AVERAGE/.
Select FRONT or REAR as appropriate.

Press /STORE//RATIO//RATIO/. This will store the displayed value
in the RATIO store and put the 9303 to the ratio measurement
function.

Reset the attenuator to 20 dB.

If necessary, adjust R24 on assembly 19-1015 until the 9303
indicates .1000 *0.002.

Reset the attenuator to 10 dB and check that the 9303 indicates
.3162 +0.002.

If R24 was adjusted in (d), reset the attenuator to 0 dB and
repeat stages (b) to (e) until the correct indications are
obtained.

Reset the attenuator to O dB, and then reduce the output in steps
of 0.1 V or 1 dB. At each step check that the 9303 indication is
as given in Table 6.13.

Switch off the 9303 and disconnect the test equipment. Replace
the instrument covers.
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6.5.17
6.5.17.1

6.5.17.2

6.5.17.3
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TABLE 6.13

Linearity Check

Signal Generator Output Level
0.1 V Steps 1 dB Steps 9303 Indication
1v +13 dBm 1.000 * 0.001
0.9V .9000 * 0.002
+12 dBm .8913 + 0.002
0.8V .8000 * 0.002
+11 dBm .7943 * 0.002
+10 dBm .7079 * 0.002
0.7 v .7000 * 0.002
+9 dBm .6310 * 0.002
0.6 V .6000 * 0.002
+7 dBm .5012 * 0.003
0.5V .5000 * 0.003
0.4V .4000 *+ 0.003
+5 dBm .3981 * 0.003
+3 dBm .3162 + 0.003
0.3V .3000 *+ 0.003
ACCURACY CHECK
Test equipment required:
Description Table 6.8 Item No.
Signal Generator 4
Switchable Attenuator 9

Connect the measuring head to the INPUT socket calibrated for its use.
Terminate the head with the matched 50 Q@ load and connect it to the
attenuator output. Connect the attenuator input to the signal generator
output. Set the attenuator to 19 dB and set the signal generator output
to a frequency of 500 kHz at Tlevel giving O dBm * 0.008 dB from the
attenuator output.

(a) Switch on the 9303. Select FRONT or REAR, as appropriate, and the
auto-ranging mode.

(b) Press /STORE//SHIFT//EXT CAL/. Wait until the resulting USER
ECAL cycle is complete.

(c) Switch off the signal generator output, and set the output to
minimum Tevel.
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Press /STORE//SHIFT//EXT. CAL/. Wait until the resulting USER
ECAL cycle is complete.

(e) Eégble the USER ECAL factor by pressing /SHIFT//EXT. CAL/.

ress oatiat

(f) Switch on the signal generator and set the output level to that
set in paragraph 6.5.17.2.

(g9) Vary the attenuator to set the input level to the 9303 to each of
the values given in Table 6.14 in turn. At each stage check that
the 9303 has auto-ranged to the correct range and gives the
correct measurement indication.

(h) Disconnect the test equipment.

TABLE 6.14
Accuracy Check
Attenuator Attenuator Output 9303 Range Indication
Setting 4Bm 4BV
76 -57 -70 316.2 pVv £ 5.6 pVv
86 _67 -80 36.2 WV 30000 Wy = 3.5
66 -47 -60 1 mv .1.000 mV + 0.009 mV
76 -57 -70 ~0.316 mY + 0.004 mV
56 -37 -50 A3.162 mV & 0.027 mV
66 by 60 3.162mV 137000 my = 0.011 mu
46 -27 -40 10 mv ©10.00 mV & 0.09 mV
56 -37 -50 A 3.6 mV + 0.03 mV
36 -17 -30 531.62 mV ¢+ 0.27 mV
26 -27 ~40 3L.62.mV 1 710.00 my £ 0.11 my
26 -7 -20 ~100.0 mV =+ 0.9 mV
36 -17 230 100 mv “3.6mY ¢ 0.3 my
16 +3 -10 ":316.2mV £ 2.7 mV
2 m ,

26 7 -20 6.2 230000 my = 1.1 my

6 +13 0 1 - 1.000 V £ 0.009 V
16 +3 -10 - 2 0.316 V + 0.003 V
0 +19 +6 « 2.000 V £ 0.030 Vv

'] -
6 +13 0 3162V 1 17000 v £ 0.020 v

0303



6.5.18
6.5.18.1

6.5.18.2

6.5.18.3

9303

FREQUENCY RESPONSE

Test equipment required:

Description Table 6.8 [tem No.

Digital Voltmeter
Signal Generator
Power Meter
Attenuator
Thermocouple

=00 U N

1

Connect the measuring head to the INPUT socket calibrated for its use.
Terminate the measuring head with the matched 50 Q@ load. Select FRONT or

REAR,

as appropriate. Fit the power sensor to the power meter. Connect

the attenuator pad to the signal generator output, and set the output to a
frequency of 500 kHz.

(a)

(b)

(c)

(9)

Connect the power sensor to the output of the attenuator. Adjust
the signal generator output level to obtain an indication of 0 dBm
on the power meter.

Connect the measuring head to the attenuator output in place of
the power sensor. Press /STORE//RATIO//RATIO/.

Record the indication on the 9303. Change the signal generator
frequency to the next value given in Table 6.15.

Connect the power sensor to the attenuator output in place of the
measuring head. Set the signal generator output to give an
indication of O dBm on the power meter.

Connect the measuring head to the attenuator output in place of
the power sensor, and repeat steps (c) to (e) until measurements
have been made at each frequency.

Check that the indications recorded in step (c) agree with the
calibration curve on the measuring head to within the following
limits:

Below 500 MHz + 1.5 %
500 MHz to 2 GHz + 2.5 %

Disconnect the test equipment.
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6.5.18.4

6.5.18.5

6-28

TABLE 6.15

Frequency Response Check Points

Frequency

500 kHz
1 MHz
10 MHz
30 MHz
100 MHz
300 MHz
500 MHz
1 GHz
1.5 GHz
2 GHz

Connect the DVM to measure the output of the thermocouple. Set the signal
generator output to 500 kHz.

(a)

Connect the thermocouple to the signal generator output. Adjust
the signal generator output level to O dBm. Note the reading on
the DVM.

Connect the measuring head to the signal generator output in place
of the thermocouple. Press /STORE//RATIO//RATIO/.

Record the indication on the 9303. Change the signal generator
frequency to the next value given in Table 6.16.

Connect the thermocouple to the signal generator output in place
of the measuring head, and adjust the signal generator output to

~obtain the same indication on the DVM as was obtained in (a).

Connect the measuring head to the signal generator output and
repeat steps (c) to (e) until measurements have been made at each
frequency.

TABLE 6.16

Frequency Response Check Points

Frequency

500 kHz
100 kHz
50 kHz
10 kHz

9303



(f) Check that the indications recorded in step (c) agree with the
calibration curve on the measuring head to within *1.5 %.

(g9) Disconnect the test equipment.
6.5.19 VSWR CHECK
6.5.19.1 Test equipment required:
Description Table 6.8 Item No.
Signal Generator 4
Spectrum Analyser 6
VSWR Bridge (Male) 8
VSWR Bridge (Female) 8
50 Q Load 10
6.5.19.2 Connect the signal generator to the INPUT port and the spectrum analyser
to the OUTPUT Port of the female VSWR bridge as shown in Fig. 6.3. Do not
connect the measuring head to the UNKNOWN port. Set the signal generator
output to 100 MHz at a level of O dBm. Set the spectrum analyser to
measure relative power (logarithmic mode). Connect the 9303 measuring
head to the INPUT socket calibrated for its use. Terminate the head with
the matched 50 @ Toad. Select FRONT or REAR as appropriate.
SIGNAL
GENERATOR - 9303
o
INPUT
l
VSWR [] MEASURING HEAD
BRIDGE 1] AND
i MATCHED LOAD
UNKNOWN
QUTPUT — =
SPECTRUM . £
ANALYSER -
Fig. 6.3 Connections for VSWR Check
6.5.19.3 (a) Adjust the spectrum analyser input attenuator and Tlogarithmic

9303

reference level controls until the display is set to a suitable
reference level.

(b) Connect the measuring head to the UNKNOWN port of the VSWR bridge
and check that the indication on the spectrum analyser is as given
in Table 6.17.

(c) Disconnect the measuring head from the VSWR bridge. Adjust the
signal generator frequency to the next value given in the table
and repeat steps (a) to (c).
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6.5.20
6.5.20.1

6.5.20.2

6.5.20.3

6-30

TABLE 6.17
VSWR Return Loss

Frequency Spectrum Analyser Indication
with Measuring Head
Connected to VSWR Bridge

100 MHz - (=27 dB)
500 MHz - (>27 dB)
1.0 GHz - (>27 dB)
1.5 GHz - (>14.5 dB)
2.0 GHz - (>14.5 dB)
(d) Exchange the female VSWR bridge for the male bridge.
(e) Remove the matched 50 Q 1load from the measuring head, and
terminate the input port with the additional 50 Q load.
(f) Set the signal generator output to 100 MHz and repeat steps (a) to
(c).
(g) Disconnect the test equipment.

INSERTION LOSS

Test equipment required:

Description Table 6.8 Item No.
Signal Generator 4
Power Meter 5
Attenuator pads (2) 8

Connect the 9303 measuring head to the INPUT socket calibrated for its
use. Select FRONT or REAR as appropriate. Fit the power sensor to the
power meter, and connect it to the signal generator output via two
10 dB attenuator pads. Set the signal generator output to a freguency of
30 MHz.

(a) Adjust the signal generator output level to give an indication of
-10 dBm on the power meter.

(b) Connect the measuring head in 1line between the two 10 dB
attenuator pads. Check that the power meter indication +10 dBm
agrees with the insertion loss figure shown on the measuring head
calibration label against the signal generator frequency.

(c) Remove the measuring head from the circuit and reconnect the two
attenuators.

9303
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6.6
6.6.1
6.6.1.1

6.6.2
6.6.2.1

6.6.3
6.6.3.1

6.6.3.2

9303

(d) Set the signal generator frequency to 100 MHz, 300 MHz, 500 MHz,
1.0 GHz, 1.5 GHz and 2.0 GHz in turn, repeating steps (a) to (c)
at each step.

(e) Switch off the 9303 and disconnect the test equipment.

DISMANTLING AND REASSEMBLY

INTRODUCTION

Instructions for dismantling and reassembling the 9303 are limited to
those areas where special care 1is required or difficulty may be
experienced.

WARNING: THE INSTRUMENT MUST BE SWITCHED OFF AND DISCONNECTED FROM THE
AC SUPPLY DURING ALL DISMANTLING AND REASSEMBLY OPERATIONS.

REMOVAL AND REPLACEMENT OF THE COVERS

(a) Switch off the instrument and the AC supply. Remove the 1line
power socket.

(b) Stand the instrument on its front handles, and remove the two
screws from each of the plastic mouildings at the rear corners of
the instrument. Remove the mouldings.

(c) The covers can now be removed by sliding them towards the rear of
the instrument. Note that the removal of the plastic mouldings
also releases the side trim panels, which should either be removed
or secured by replacement of the mouldings.

(d) The covers are replaced in the reverse manner. Note that the
straight, unfolded edge of the cover fits to the front of the
instrument, and locates in a groove in the rear face of the front
panel. The rear edge of the cover is folded under, and locates in
a groove in the rear panel.

REMOVAL OF ASSEMBLIES 19-1015 and 19-1016

These assemblies are contained in the screening module. Once the
instrument covers have been removed the appropriate module cover (the
upper for 19-1015 and the Tlower for 19-1016) can be released by removing
the six retaining screws. This will provide sufficient access for test
purposes.

If access to the unexposed side of an assembly is required, proceed as
follows:-

(a) If removing 19-1016, unplug coaxial plugs from SK7, 8, 9 and 10
and 1ift the ferrite beads on the cable to SK7 from the clip.

(b) Remove the six screws holding the board onto its supports within
the module. This will enable the assembly to be tilted and Tlifted
out of the module to the extent of the remaining connections.
This provides adequate access for servicing.

6-31



6.6.3.3

6.6.4
6.6.4.1

6.6.4.2

6-32

When replacing the assembly:

(a)

(b)

(c)

(d)

REMOVAL

Ensure that the board is properly located, flat on its supports,
before tightening the retaining screws.

On assembly 19-1016, reconnect the coaxial plugs and insert the
ferrite beads in the clip.

When replacing the module cover, align the threaded collets, which
are free to slide in the module side rails, with the holes in the
module cover. The head of the cover retaining screws should be
tilted slightly towards the front-back centre line of the module
when engaging the thread.

Ensure that the module cover is flat on the module rim when the
retaining screws are tightened.

OF THE FRONT PANEL

The front panel must be removed if access is required to the front face of
assembly 19-1013. The panel is removed as follows:

(a)
(b)

(c)

(d)

(e)

(f)

Remove the instrument covers and the side trim strips.

Remove the two retaining screws from each front handle and slide
the handles out towards the front of the instrument.

Remove the two screws securing the LINE switch to the inside of
the panel. This 1is most easily done with a round-the-corner
screwdriver.

Remove the screw securing the bracket at the centre front of
assembly 19-1014. This screw is removed from the bottom of the
instrument.

Disconnect the ribbon cable 10-2871 between 19-1013 and 19-1014
from 19-1013. (On early model instruments, unsolder the flexible
connector from 19-1014).

Remove the two Taptite (self threading) screws from each end of
the front panel. The panel can now be drawn forward to the limit
of the cable form to the CALIBRATOR and INPUT sockets.

To replace the panel follow the reverse of the above procedure.

CAUTION:

Do not interchange the Taptite screws with machine threaded
SCrews. The Taptite screws will damage the thread in any
machine threaded holes into which they are inserted. Machine
threaded screws will not hold the front panel securely.

9303
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6.6.5
6.6.5.1

6.6.5.2

6.6.6
6.6.6.1

6.6.6.2

9303

REMOVAL

OF ASSEMBLY 19-1013

To remove assembly 19-1013 proceed as follows:

(a)

(b)

(c)

CAUTION:

Remove the front panel, to the 1imit of its cableform, from the
front of the instrument, as instructed in paragraph 6.6.4. Lay
the panel, front downwards, flat on the bench.

Remove the three nuts securing the bracket to assembly 19-1013 and
remove the bracket.

Remove the 14 nuts securing assembly 19-1013 on its support
pillars. The assembly can now be lifted clear of the front panel.

Do not touch the contacting surfaces of assembly 19-1013 and
the elastomeric contact strips around the LCD on the front
panel. Any contamination will lead to poor electrical contact
and failure of the LCD elements to function. If the contact
strips become contaminated they should be carefully pulled from
the slots in the retainers and cleaned with soapy water. The
strips must be thoroughly dried before being replaced. If
necessary, the contacting surface of assembly 19-1013 should be
cleaned using iso-propyl alcohol.

The assembly 1is replaced using the reverse of the above procedure. The
securing nuts should be tightened to a torque of 0.34 Nm (3 1bf.in).

REPLACEMENT OF THE LCD

To remove the LCD proceed as follows:

CAUTION:

Remove the front panel, as instructed in paragraph 6.6.4.
Remove assembly 19-1013, as instructed in paragraph 6.6.5.

Lift the LCD support mouldings from the locating studs. The LCD
can then be 1ifted from the aperture in the front panel.

(1) The elastomeric contact strips are free to move in the
slots in the support mouldings. Take care they do not
fall out.

(2) Avoid all contamination of the elastomeric contact strips
with grease from fingers or tools.

The fitting of the LCD is illustrated in Fig. 6.4. The fitting procedure
is as follows:

(a)

Carefully clean the inside surface of the display viewing window
in the front panel. Loose material may be removed using a dry
brush. Greasy marks may be removed using a soft, lint-free cloth
and iso-propyl alcohol. An anti-static spray may be used, if
required, after cleaning.
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(b)

Clean the contact areas of the LCD using a soft, dry cloth. If
necessary a cloth dampened with soapy water may be used to removed
grease.

Clean the display face of the LCD with a soft, dry cloth. An
anti-static spray may be used, if required, after cleaning.

Place the LCD in the front panel aperture, ensuring that the
orientation is correct.

Pull the elastomeric contact strips from the support mouldings and
drop the mouldings over the studs. Ensure that they bed down on
the front panel, and do not catch on the sides of the LCD.

Clean the elastomeric contact strips using soapy water. Dry them
thoroughly, and replace them 1in the slots in the support
mouldings. Leave the contact strips standing proud of the upper
surface of the support mouldings.

Clean the contacting surface of assembly 19-1013 using iso-propyl
alcohol. Refit the assembly as instructed in paragraph 6.6.5.

Refit the front panel as instructed in paragraph 6.6.4.

PRINTEC CIRCLIT BCARD
-

ELASTOMERIC CONNECTORS

LEo LIOUID CRYSTAL DISPLAY
SUPPORT MOULDINGS

6-34

Fig. 6.4 Fitting the Liquid Crystal Display
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6.6.7
6.6.7.1

CALIBRATOR SOCKETS

If, for any reason, a CALIBRATOR socket is detached from its panel, care
must be taken to ensure that it is remounted correctly when it is
replaced. Failure to do so may adversely affect the socket noise
performance. The correct assembly of the mounting hardware is shown in
Fig. 6.5.

AN\

m'%ﬂJRW'—

TH 3174

9303

Fig. 6.5 CALIBRATOR Socket Mounting
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PARTS LIST AND
SECTION 7 CIRCUIT DIAGRAMS




TEST WAVEFORMS

Assembly 19-1015

TEST CONDITIONS

Measuring head connected to the appropriate CALIBRATOR socket.
Special function 30.1 active.

Oscilloscope internally triggered.

DC Coupling.

Monitor Point TP 3
Vertical scale 5 V/division
Horizontal scale 20 ms/division

Monitor Point TP 2
Vertical scale 5 V/division
Horizontal scale 5 ms/division
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7-2

Monitor Point
Vertical scale
Horizontal scale

Monitor Point
Vertical scale
Horizontal scale

TP 4
5 V/division
20 ms/division

TP 5
5 V/division
20 ms/division

9303



TEST WAVEFORMS

Assembly 19-1016

TEST CONDITIONS

Measuring head connected to the appropriate CALIBRATOR socket.
Special function 30.1 active.

Oscilloscope externally triggered from TP1ll, except where stated.
AC coupling, except where stated.

Monitor point R66
Vertical scale 50 mV/division
Horizontal scale 1 us/division
Mean DC level -0.6 V
SN~
\\‘
/-_—'
Monitor point TP7
Vertical scale 50 mV/division
‘\\\ Horizontal scale 1 us/division
/, Mean DC level 2.5V
\
! T~
a1
T
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P
\ Monitor Point TP 6
/ \ Vertical scale 10 mV/division
Horizontal scale 1 us/division
7 \ Mean DC Tevel 9V
N
s
b= | |
]
\ //
%
Monitor Point TP 5
Vertical scale 5 mV/division
7 Horizontal scale 1 us/division
Mean DC level 10V
\
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1
Monitor Point TP 4
Vertical scale 50 mV/division
Horizontal scale 1 us/division
/ Mean DC level 10 v
\
—/ /;=
_ / T
\
1
¥ Monitor Point TP 3
Vertical scale 100 mV/division
Horizontal scale 1 us/division
/ Mean DC level 10 V
P
\_\
’_——
///
\ 4
|
|
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Monitor Point TP 2
Vertical scale 200 mV/division
//,' —F Horizontal scale 1 us/division
Mean DC level oV
/
/ \\
Monitor Point TP 1

.Vertica1 scale 200 mV/division
2 Horizontal scale 1 us/division
/// Mean DC Tevel oV

//
[
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Monitor Point TP 9

Vertical scale 5 V/division
Horizontal scale 20 ms/division
DC coupled

Internal trigger

Monitor Point TP 11

| Vertical scale 2 V/division
= Horizontal scale 1 us/division
DC coupled

Internal trigger
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Monitor Point TP 10

Vertical scale 1 V/division
Horizontal scale 0.5 us/division
DC coupled

Internal trigger

Monitor Point IC 16/3
Vertical scale 1 V/division
Horizontal scale 0.2 us/division
DC coupled

Internal trigger

9303



- Jr+
’ Monitor Point IC 16/8
Vertical scale 1 V/division
. Horizontal scale 0.5 us/division
DC coupled

Internal trigger

Monitor Point SK 8
| Vertical scale 200 mV/division
[ Horizontal scale 0.5 us/division
Mean DC level ov
DC coupled
Internal trigger
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PARTS LIST

FRONT AND REAR PANEL ASSEMBLIES

Fig. 1 and Fig. 7

gg:: Value

Description

Racal Dana
Part Number

FRONT PANEL ASSEMBLY 11-1487

Liquid crystal display

17-1025
17-1022

Note: The display fitted must be compatible with the ROM set fitted in

positions ICl6 to IC1l9 on assembly 19-1014,

SK2
SK1

Display ROM set

17-1025 22-8540 to 22-8537
or 22-8570 to 22-8567

17-1022 22-8515 to 22-8512

Elastomeric connector

Socket, 7-way
Cableform assembly

REAR PANEL ASSEMBLY 11-1488

T1
1c4l
FS2

SK17
SK18

9303 Vol. 2

Transformer, power

Voltage regulator, +5 V (7805)

Fuse link (99 V to 132 V) 500 mA anti-surge
Fuse link (198 V to 264 V) 250 mA anti-surge

Socket, RF, type N
Socket, 7-way
Cableform assembly

AC power plug, filter and fuse holder

23-5600

23-3301
10-2698

17-4097
22-4222

23-0052
23-0056

16-0597
23-3301
10-2699

23-3294
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PARTS LIST
MEASURING HEAD ASSEMBLY

Fig 3

Cct. . Tol Racal Dana
Ref. Value Description Rat 9 Part Number

SENSOR BODY ASSEMBLY (1 m cable) 11-1479

SENSOR BODY ASSEMBLY (2 m cable) 11-1539

SK1 Socket, RF, type N 23-3323
PL1 Plug, RF, type N 23-3324
50 o load 23-3329
SAMPLER BOARD 19-1011
Resistors
2 W
R1 18 Chip 0.125 5 20-5763
R2 100 k Carbon Film 0.1 5 20-1551
R3 2.7 k Chip 0.125 5 20-5766
R4 2.7 k Chip 0.125 5 20-5766
RS 1M Carbon Film 0.1 5 20-1561
R6 22 k Carbon Film 0.1 5 20-1563
R7 8.2 k Chip 0.125 5 20-5767
R8 8.2 k Chip 0.125 5 20-5767
R9 8.2 k Chip 0.125 5 20-5767
R10 100 Chip 0.125 5 20-5764
R11 470 Chip 0.125 5 20-5765
Capacitors
F v
Cl 1n Chip 100 10 21-1718
c? 1n Chip 100 10 21-1718
C3 1n Chip 100 10 21-1718
ca 100 p Chip 100 20 21-1711
C5 10 n Ceramic 100 20 21-1738
C6 10 n Chip 100 10 21-1719
c7 10 n Chip 100 10 21-1719
C8 1n Chip 100 10 21-1718
C9 In Chip 100 10 21-1718
C10 5.6 p Chip 100 0.5 p 21-1713
Cll 1.5p Chip 50 0.25 p 21-1744

9303 Vol, 2 Parts List 3



Cct Tol Racal Dana

Ref: Value Description Rat 9 Part Number
Diodes

D1

D2 Hot Carrier, matched

D3 set of four (5082.2815) 22-1063

D4

D5 Step Recovery (A4S112) 22-1059

Transistors

qQl BFR30 22-6143
Q2 BCW32R 22-6142
Inductors

Tl Transformer 17-3221
T2 Transformer 17-3222
L1 30 mm x 0.18 mm (36 SWG) enamelled 25-4512

copper wire wound on D5

DRIVER BOARD 19-1012

Resistors
2 W

R1 47 (nom.) Carbon Film 3 5 20-2470
R2 1k Metal Oxide 1 5 20-3102
R3 120 Carbon Film i 5 20-2121
R4 1 k Carbon Film 0.1 5 20-1521
R5 4.7 Carbon Film 3 5 20-2008
R6 120 Carbon Film 0.1 5 20-1523
R7 390 Carbon Film 0.1 5 20-1530
R8 1.2 k Carbon Film 0.1 5 20-1544
RO 680 Carbon Film 0.1 5 20-1554
R10 4.7 k Carbon Film 0.1 5 20-1542
R11 10 k Variable 20-7074
R12 3.3 k Carbon Film 0.1 5 20-1537
R13 2.7 k Carbon Film 0.1 5 20-1547
R14 2.7 k Carbon Film 0.1 5 20-1547
R15 1k Carbon Film 0.1 5 20-1521
R16 1 k Carbon Film 0.1 5 20-1521
R17 100 Carbon Film 0.1 5 20-1514
R18 2 k Variable 20-7073
R19 100 Carbon Film 0.1 5 20-1514
R20 100 Carbon Film 0.1 5 20-1514
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Cct. .y Tol Racal Dana
Ref. Value Description Rat ¥ Part Number
Capacitors

F v
C1 47 u Electrolytic 16 20 21-0788
ce? 10 n Ceramic 100 20 21-1738
C3 10 n Ceramic 100 20 21-1738
C4 47 u Electrolytic 16 20 21-0788
Ch5 1n Ceramic 100 20 21-1737
Cé 10 n Ceramic 100 20 21-1738
" C7 10 n Ceramic 100 20 21-1738
c8 47 Electrolytic 16 20 21-0788
C9 10 n Ceramic 100 20 21-1738
C10 10 n Ceramic 100 20 21-1738
Cl1 47 yu Electrolytic 16 20 21-0788
cl12 1n Ceramic 100 20 21-1737
€13 47 u Electrolytic 16 20 21-0788
Diodes
D1 Silicon (1N4149) 22-1029
D2 Voltage regulator (BZY88C5V1) 22-1808
D3 Voltage regulator (BZY88C5V1) 22-1808
D4 Voltage regulator (BZY88C5V1) 22-1808
D5 Voltage regulator (BZY88C5V1) 22-1808
Transistors
Q1 VN1OKM 22-6144
Q2 BFXx48 22-6110
Q3 2N2369 22-6017
Inductors

H
L1 10 u Inductor, miniature 23-7155
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KEYBOARD AND DISPLAY ASSEMBLY 19-1013

PARTS LIST

Fig 5

Cct. . s Tol Racal Dana
Ref. Value Description Rat M Part Number
Resistors

Q W
R1 1k Carbon Film i 5 20-2102
R2 13x330 DIL Array 20-5582
R3 13x330 DIL Array 20-5582
Capacitors

F v
Cl 10 n Ceramic 25 -20 +80 21-1545
c2 47 n Ceramic 10 -20 +80 21-1548
Integrated Circuits
IC1 MD4332 22-4760
1C2 MD4332 22-4760
1C3 MD4332 22-4760
1Ca 7415164 22-4595
I1C5 7415164 22-4595
I1C6 7415164 22-4595
Diodes
LP1 LED, red (5082.4684) 26-5013
LP2 LED, red (5082.4684) 26-5013
LP3 LED, red (5082.4684) 26-5013
LP4 Not Used
LP5 Not Used
LP6 LED, red (5082.4684) 26-5013
LP?7 Not Used
LP8 LED, red (5082.4684) 26-5013
LP9 Not Used
LP10 LED, red (5082.4684) 26-5013
9303 Vol. 2 Parts List 7



Cct. . . Racal Dana
Ref. Value Description Part Number
LP11 LED, red (5082.4684) 26-5013
LP12 LED, red (5082.4684) 26~-5013
LP13 LED, red (5082.4684) 26-5013
LP14 Not Used
LP15 LED, red (5082.4684) 26-5013
LP16 Not Used
LP17 LED, red (5082.4684) 26-5013
LP18 LED, red (5082.4684) 26-5013
LP19 LED, red (5082.4684) 26-5013
LP20 LED, red (5082.4684) 26-5013
LP21 LED, red (5082.4684) 26-5013
Lp22 LED, red (5082.4684) 26-5013
Miscellaneous
S1 Keyboard switch 23-4103
to
S28

Pushbutton for S1 to S28 15-0538
PL3 PCB Header, 26-way 22-3395
Parts List 8 9303 Vol.
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PARTS LIST
PROCESSOR ASSEMBLY 19-1014

Fig. 7
Cct. . L Tol Racal Dana
Ref. Value Description Rat g Part Number
Resistors
2 W

R1 3.3k Carbon Film 3 5 20-2332
R2 10 k Carbon Film i 5 20-2103
R3 56 k Carbon Film i 5 20-2563
R4 1M Carbon Film i 5 20-2105
R5 8.2 k Carbon Film 3 5 20-2822
R6 10 k Carbon Film P 5 20-2103
R7 56 k Carbon Film i 5 20-2563
R8 100 k Carbon Film i 5 20-2104
R9 47 k Carbon Film 1 5 20-2473
R10 8.2 k Carbon Film 3 5 20-2822
R11 150 k Carbon Film % 5 20-2154
R12 M Carbon Film 3 5 20-2105
R13 22 k Carbon Film i 5 20-2223
R14 2.2 k Carbon Film i 5 20-2222
R15 1k Variable 20-7070
R16 5.9 k Metal Film D i 20-4875
R17 2.2 k Carbon Film 1 5 20-2222
R18 113 k Metal Film i % 20-7518
R19 1M Metal Film i 1 20-4995
R20 4x22k DIL Array 20-5527
R21 3.3 k Carbon Film i 5 20-2332
R22 2.2 k Carbon Film 1 5 20-2222
R23 100 k Carbon Film 1 5 20-2104
R24 100 k Carbon Film i 5 20-2104
R25 2.2 M Carbon Film D 5 20-2225
R26 1.2 k Carbon Film 1 5 20-2122
R27 100 Carbon Film i 5 20-2101
R28 3.9 k Carbon Film i 5 20-2392
R29 1.5 k Carbon Film i 5 20-2152
R30 8x3.3 k DIL Array 20-5525
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Cct. Tol Racal Dana

Ref. Value Description Rat % Part Number
R31 2.2 k Carbon Film 3 5 20-2222
R32 4.7 k Carbon Film } 5 20-2472
R33 8x3.3 k  DIL Array 20-5525
R34 8x3.3 k DIL Array 20-5525
R35 8x3.3 k  DIL Array 20-5525
R36 3.3 M Carbon Film 3 5 20-2335
R37 2.2 k Carbon Film 1 5 20-2222
R38 10 k Carbon Film % 5 20-2103
R39 820 Carbon Film % 5 20-2821
R40 10 Carbon Film 3 5 20-2100
R41 1k Carbon Film 3 5 20-2102
R42 10 k Carbon Film 3 5 20-2103
R43 10 k Carbon Film i 5 20-2103
R44 1k Variable, 25-turn 20-7040
R45 3.9 k Metal Film 1 1 20-7515
R46 2.2 k Metal Film i 1 20-7514
R47 820 Metal Film % 1 20-7513
R48 4.3 k Metal Film 3 1 20-4990
R49 1k Varjable, 25-turn 20-7040
R50 2.2 k Carbon Film % 5 20-2222
R51 9x10 k DIL Array 20-5521
R52 9x10 k DIL Array 20-5521
R53 3.3 k Carbon Film } 5 20-2332
R54 3.3 k Carbon Film 3 5 20-2332
R55 3.3 k Carbon Film i 5 20-2332
Capacitors
F v

C1 22000 1 Electrolytic 16 21-0595
C2 3300 u Electrolytic 35 21-0663
C3 3300 u Electrolytic 35 21-0663
C4 3300 u Electrolytic 16 21-0597
C5 47 n Ceramic 12 -20 +80 21-1548
Cé 47 n Ceramic 12 -20 +80 21-1548
Cc7 100 n Ceramic 25 -20 +80 21-1551
C8 100 n Ceramic 25 -20 +80 21-1551
C9 47 n Ceramic 25 20 21-0789
C10 47 n Ceramic 25 20 21-0789
Cll 47 n Ceramic 25 20 21-0789
Cl2 47 n Ceramic 25 20 21-0789
C13 47 n Ceramic 25 20 21-0789
Cla 47 n Ceramic 12 -20 +80 21-1548
Cl5 47 n Ceramic 12 -20 +80 21-1548
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gg:: Value Description Rat Tgl ﬁggg]Nggggr
Cl6 10 n Ceramic 25 -20 +80 21-1545
Cl7 22 ¢ Electrolytic 10 21-0710
C18 100 n Ceramic 25 -20 +80 21-1551
C19 47 n Ceramic 12 -20 +80 21-1548
C20 100 n Ceramic 25 -20 +80 21-1551
ca1 10 n Ceramic 25 -20 +80 21-1545
c22 100 n Ceramic 25 -20 +80 21-1551
€23 100 n Ceramic 25 -20 +80 21-1551
c24 10 n Ceramic 25 -20 +80 21-1545
C25 10 n Ceramic 25 -20 +80 21-1545
C26 68 p Silver Mica 350 2 21-2643
c27 270 p Ceramic 500 10 21-1525
C28 47 n Ceramic 12 -20 +80 21-1548
€29 47 n Ceramic 12 -20 +80 21-1548
C30 330 p Ceramic 500 10 21-1526
C31 47 n Ceramic 12 -20 +80 21-1548
€32 47 n Ceramic 12 -20 +80 21-1548
C33 47 n Ceramic 12 -20 +80 21-1548
C34 47 n Ceramic 12 -20 +80 21-1548
C35 47 n Ceramic 12 -20 +80 21-1548
C36 47 n Ceramic 12 -20 +80 21-1548
Cc37 47 n Ceramic 12 -20 +80 21-1548
c38 100 n Ceramic 25 -20 +80 21-1551
C39 47 n Ceramic 12 -20 +80 21-1548
c40 47 n Ceramic 12 -20 +80 21-1548
cal 47 n Ceramic 12 -20 +80 21-1548
Cca2 47 u Electrolytic 25 20 21-0789
C43 47 n Ceramic 12 -20 +80 21-1548
caa 47 n Ceramic 12 -20 +80 21-1548
C45 47 n Ceramic 12 -20 +80 21-1548
C46 27 p Ceramic 500 10 21-1513
Cca7 27 p Ceramic 500 10 21-1513
C48 47 n Ceramic 12 -20 +80 21-1548
C49 100 n Ceramic 25 -20 +80 21-1551
C50 Not Used

Cs51 10 n Ceramic 25 -20 +80 21-1545
C52 4.7 n Paper 250 21-0004
€53 4.7 n Paper 250 21-0004
Cs54 100 n Ceramic 25 -20 +80 21-1551

9303 Vol. 2
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Cct. . s Tol Racal Dana
Ref Value Description Rat M Part Number
Diodes

D1 Bridge Rectifier (VH 248) 22-1662
D2 Silicon (1N4003) 22-1603
D3 Silicon (1N4003) 22-1603
D4 Silicon (1N4003) 22-1603
D5 Silicon (1N4003) 22-1603
D6 Silicon (1N4003) 22-1603
D7 Silicon (1N4003) 22-1603
D8 Silicon (1N4003) 22-1603
D9 Silicon (1N4003) 22-1603
D10 Silicon (1N4003) 22-1603
D11 Silicon (1N4003) 22-1603
D12 Voltage Regulator (BZY88C5V6) 22-1809
D13 Hot Carrier (5082.2811) 22-1033
D14 Voltage Regulator (BZX79C5V6) 22-1809
D15 Voltage Regulator (BZX79C5V6) 22-1809
D16 Voltage Regulator (BZX79C10) 22-1815
D17 Hot Carrier (5082.2800) 22-1068
D18 Not Used

D19 Silicon (1N4149) 22-1029
D20 Silicon (1N4149) 22-1029
Integrated Circuits

IC1 Not Used

I1C2 Not Used

IC3 LM339 22-4249
IC4 LM339 22-4249
IC5 LM339 22-4249
IC6 LM339 22-4249
IC7 LM339 22-4249
IC8 4066 22-4761
1C9 87504 22-4594
IC10 Not Used

IC11 6821 22-8303
IC12 6821 22-8303
IC13 74LS14 22-4570
IC14 7415123 22-4547
IC15 74HCO0 22-4775
Parts List 12 9303 Vol.
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gg:: Value Description Rat T§1 ggﬁz]Nggggr
I1C16 2732 (programmed) 22-8570 22-8540 22-8515
1C17 2732 (programmed) 22-8569 22-8539 22-8514
IC18 2732 (programmed) 22-8568 22-8538 22-8513
IC19 2732 (programmed) 22-8567 22-8537 22-8512
I1C20 6514-9 22-8204

Note: When ordering replacements for IC's 16,

part number.
column of part numbers forms a hardware

Ical

1C22
IC23
1C24
IC25

1C26
1c27
IC28
1C29
IC30

Ic31
IC32
IC33
IC34
IC35

IC36
IC37
IC38
IC39
IC40

IC41
Ic42
1C43
IC44
IC45

Transistors

Ql
Q2

9303 Vol. 2

6514-9

7415245
7415244
741.S244
7415138

7415139
741530
7415240
7415240
6802

74LS74
7415138
7407
741.5138
741500

74LS04
741509
79MGU1C
78MGU1C
ZN4588B

Not Used
74HC0O0
74HCA075
7705
3078E

BC109
ZTX450

17, 18 and 19 the software issue
number and the instrument serial number must be quoted in addition to the

compatible set.
must all be from the same set, and be of the same software issue.

The software issue number is marked on the component. Each

The ROMs fitted

22-8204 or
22-8205
22-4584
22-4583
22-4583
22-4587

22-4678
22-4597
22-4588
22-4588
22-8302

22-4534
22-4587
22-4063
22-4587
22-4531

22-4533
22-4596
22-4261
22-4260
22-4250

22-4775
22-4776
22-4267
22-4268

22-6041
22-6112
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Inductors
H
L1 100 u Choke, RF 23-7056
Connectors
SK3 Cable Assembly 10-2871
PL15 PCB header, 20-way 23-3319
PL13 PCB header, 34-way 23-3325
Miscellaneous
FS1 Fuse link, 1.6 A 23-0055
Holder for FS1 23-0054
Lithium Battery 23-2513
S30 Switch, DIL 23-4089
S29 Switch, with flexible extension 23-4104
Knob for S29 23-9098
Parts List 14 9303 Vol.
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PARTS LIST
SIGNAL CONVERTER ASSEMBLY 19-1015

Fig. 9

Cct. . Tol Racal Dana
Ref. Value Description Rat M Part Number
Resistors

2 W
R1 1k Carbon Film i 5 20~-2102
R? 1k Carbon Film i 5 20-2102
R3 150 k Carbon Film 1 5 20-2154
R4 Not Used
R5 Not Used
R6 100 k Carbon Film i 5 20-2104
R7 Not Used
R8 470 Carbon Film i 5 20-2471
R9 10 k Carbon Film 1 5 20-2103
R10 500 Metal Film i 3 20-4879
R11 1k Carbon Film i 5 20-2102
R12 1.2 k Metal Film 1 1 20-492?2
R13 1.2 k Metal Film 1 3 20-4922
R14 68 k Carbon Film i 5 20-2683
R15 1.2 k Metal Film 1 1 20-4922
R16 22 k Carbon Film i 5 20-2223
R17 68 k Carbon Film i 5 20-2683
R18 1.2 k Metal Film 1 3 20-4922
R19 22 k Carbon Film 1 5 20-2223
R20 22 k Carbon Film P 5 20-2223
R21 22 k Carbon Film i 5 20-2223
R22 47 k Carbon Film 3 5 20-2473
R23 470 k Carbon Film i 5 20-2474
R24 50 k Variable 20-7072
R25 1k Metal Film 1 1 20-4921
R26 1k Metal Film 3 1 20-4921
R27 10 k Carbon Film 3 5 20-2103
R28 1k Carbon Film 1 5 20-2102
R29 220 k Carbon Film % 5 20-2224
R30 1k Carbon Film i 5 20-2102
R31 220 k Carbon Film 1 5 20-2224
R32 49.9 k Metal Film 3 3 20-4958
R33 49,9 k Metal Film 1 3 20-4958
R34 12.4 k Metal Film 3 3 20-4927
R35 12.4 k Metal Film 3 3 20-4927
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gg;: Value Description Rat T§] EZ$E1NBSESF
R36 7x100 k  DIL Array 20-5504
R37 7x10 k DIL Array 20-5517
R38 12 k Carbon Film 3 5 20-2123
R39 1k Carbon Film i 5 20-2102
R40 100 k Metal Film 3 3 20-4963
R41 49.9 k Metal Film % 3 20-4958
R42 330 k Carbon Film % 5 20-2334
R43 10 M Carbon Film 3 10 20-2106
R44 150 k Carbon Film 3 5 20-2154
R45 150 k Carbon Film % 5 20-2154
R46 220 k Carbon Film 3 5 20-2224
R47 150 k Carbon Film 3 5 20-2154
R48 150 k Carbon Film 3 5 20-2154
Capacitors
F v

Cl 10 n Ceramic 25 -20 +80 21-1545
c2 220 u Electrolytic 16 -10 +50 21-0627
€3 10 n Ceramic 25 -20 +80 21-1545
c4 220 u Electrolytic 16 -10 +50 21-0627
C5 100 p Ceramic 500 10 21-1520
Cé lu Electrolytic 40 -20 +80 21-0731
c7 10 n Ceramic 25 -20 +80 21-1545
c8 10 n Ceramic 25 -20 +80 21-1545
c9 10 n Ceramic 25 -20 +80 21-1545
C10 10 n Ceramic 25 -20 +80 21-1545
Cl1 47 u Electrolytic 25 20 21-0789
cl12 2.7 n Ceramic 500 20 21-1537
Cl3 150 n Polyester 63 5 21-4564
Cla 2.7 n Ceramic 500 20 21-1537
cl5 10 n Ceramic 25 -20 +80 21-1545
Clé 10 n Ceramic 25 -20 +80 21-1545
cl7 10 n Ceramic 25 -20 +80 21-1545
cl8 1w Polycarbonate 100 20 21-5507
Cl9 10 n Ceramic 25 -20 +80 21-1545
€20 100 n Polycarbonate 100 20 21-5501
cel 10 n Ceramic 25 -20 +80 21-1545
c22 10 p Ceramic 500 10 21-1508
€23 lu Polyester 100 20 21-4512
C24 220 n Polycarbonate 100 20 21-5503
€25 100 n Polyester 63 10 21-4565
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Cct Tol Racal Dana

Ref: Value Description Rat g Part Number
Diodes

D1 Silicon (1N4149) 22-1029
D2 Not Used

D3 Voltage Regulator (BZY88C4V7) 22-1807
D4 Hot Carrijer (5082.2811) 22-1033
D5 Hot Carrier (5082.2811) 22-1033
D6 Silicon (1N4149) 22-1029
D7 Silicon (1N4149) 22-1029
D8 Silicon (1N4149) 22-1029
D9 Silicon (1N4149) 22-1029
D10 Silicon (1N4149) 22-1029
D11 Silicon (1N4149) 22-1029
D12 Silicon (1N4149) 22-1029

Integrated Circuits

IC1 TLO84 22-4243
IC2 4017 22-4706
IC3 TLO81 22-4229
IC4 TLO84 22-4243
IC5 CA3046 (specially selected) 22-4246
IC6 CA3046 (specially selected) 22-4246
IC7 CA3046 (specially selected) 22-4246
Transistors

Q1 J305 22-6141
Q2 Not Used

Q3 J305 22-6141
Q4 J305 22-6141
Q5 J305 22-6141
Q6 J176 22-6140
Q7 2N4416 22-6092
Q8 2N4416 22-6092
Q9 J305 22-6141
Q10 2N4416 22-6092
Connectors

PL11 PCB header, 20-way 23-3317
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AMPLIFIER ASSEMBLY 19-1016

PARTS LIST

9303 Vol. 2

Fig. 11
Cct. L. Tol Racal Dana
Ref. Value Description Rat ¥ Part Number
Resistors
2 W

R1 1k Carbon Film 1 5 20-2102
R2 4,7 k Carbon Film i 5 20-2472
R3 10 Carbon Film 1 5 20-2100
R4 200 Variable 20-7097
R5 1.8 k Metal Film 0.125 1 20-4989
R6 68 Metal Film 0.125 1 20-4984
R7 680 Metal Film 0.125 1 20-4986
R8 680 Carbon Film 3 5 20-2681
R9 100 Carbon Film ’ 5 20-2101
R10 6.8 k Carbon Film 3 5 20-2682
R11 100 Carbon Film 3 5 20-2101
R12 10 Carbon Film 4 5 20-2100
R13 2.2 k Carbon Film 4 5 20-2222
R14 1k Carbon Film 3 5 20-2102
R15 270 Carbon Film 3 5 20-2271
R16 200 Variable 20-7097
R17 1.8 k Metal Film 0.125 1 20-4989
R18 68 Metal Film 0.125 1 20-4984
R19 680 Metal Film 0.125 1 40-4986
R20 680 Carbon Film 1 5 20-2681
R21 6.8 k Carbon Film 3 5 20-2682
R22 1k Carbon Film i 5 20-2102
R23 2.2 k Carbon Film 1 5 20-2222
R24 270 Carbon Film 1 5 20-2271
R25 10 Carbon Film 1 5 20-2100
R26 200 Variable 20-7097
R27 1.8 k Metal Film 0.125 1 20-4989
R28 220 Metal Film 0.125 1 20-4985
R29 5.6 k Metal Film 0.125 1 20-4991
R30 100 Carbon Film 1 5 20-2101
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Cct. Tol Racal Dana

Ref. Value Description Rat 9 Part Number
R31 680 Carbon Film i 5 20-2681
R32 6.8 k Carbon Film 3 5 20-2682
R33 3.3k Carbon Film i 5 20-2332
R34 2.2 k Carbon Film 1 5 20-2222
R35 270 Carbon Film 3 5 20-2271
R36 200 Variable 20-7097
R37 1.3 k Metal Film 0.125 1 20-4988
R38 680 Metal Film 0.125 1 20-4986
R39 13 k Metal Film 0.125 1 20-4992
R40 680 Carbon Film 3 5 20-2681
R41 6.8 k Carbon Film i 5 20-2682
R42 3.3 k Carbon Film 1 5 20-2332
R43 270 Carbon Film i 5 20-2271
R44 2.2 k Carbon Film 1 5 20-2222
R45 10 Carbon Film 3 5 20-2100
R46 2.2 k Carbon Film 3 5 20-2222
R47 470 Carbon Film i 5 20-2471
R48 2.2 k Carbon Film 3 5 20-2222
R49 2.2 k Carbon Film 3 5 20-2222
R50 470 Carbon Film 1 5 20-2471
R51 1.5 M Carbon Film i 5 20-2155
R52 1k Carbon Film P 3 5 20-2102
R53 4x22 k DIL Array ] 20-5527
R54 4x22 k DIL Array 20-5527
R55 22 k Carbon Film 3 5 20-2223
R56 22 k Carbon Film i 5 20-2223
R57 22 k Carbon Film i 5 20-2223
R58 6.8 k Carbon Film i 5 20-2682
R59 22 k Carbon Film 1 5 20-2223
R60 22 k Carbon Film i 5 20-2223
R61 22 k Carbon Film P 5 20-2223
R62 22 k Carbon Film 3 5 20-2223
R63 1k Carbon Film 1 5 20-2102
R64 22 k Carbon Film i 5 20-2223
R65 100 k Carbon Film i 5 20-2104
R66 390 Carbon Film i 5 20-2391
R67 390 Carbon Film 3 5 20-2391
R68 50 k Variable 20-7072
R69 100 k Carbon Film 3 5 20-2104
R70 1.5 M Carbon Film i 5 20-2155

Parts List 20 9303 Vol. 2



Cct. Tol Racal Dana

Ref. Value Description Rat ¥ Part Number
R71 270 Carbon Film i 5 20-2271
R72 1k Carbon Film i 5 20-2102
R73 1k Carbon Film i 5 20-2102
R74 18 k Carbon Film 1 5 20-2183
R75 2.2 k Carbon Film 3 5 20-2222
R76 1k Metal Film 0.125 1 20-4987
R77 1k Metal Film 0.125 1 20-4987
R78 4.7 k Carbon Film 3 5 20-2472
R79 4.7 k Carbon Film 3 5 20-2472
R80 100 k Metal Film i 20-4963
R81 100 k Metal Film P 3 20-4963
R82 16 k Metal Fim 1 1 20-4889
R83 1k Variable 20-7040
R84 4.3 k Metal Film 0.125 1 20-4990
R85 20.3 k Metal Film 1 1 20-4934
R86 1k Variable 20-7040
R87 4.3 k Metal Film 0.125 1 20-4990
R88 3.3 k Carbon Film i 5 20-2332
R89 100 k Metal Film i i 20-4963
R90 100 k Metal Film 1 1 20-4963
RI1 49.9 Metal Film 0.125 1 20-4997
R9?2 4.7 k Carbon Film 1 5 20-2472
R93 4.7 k Carbon Film 3 5 20-2472
R94 3.3k Carbon Film i 5 20-2332
R95 1.5 k Carbon Film 1 5 20-2152
R96 100 Carbon Film i 5 20-2101
R97 100 Carbon Film i 5 20-2101
R98 12 k Carbon Film i 5 20-2123
R99 20 k Variable 20-7090
R100 3.3 k Carbon Film i 5 20-2332
R101 33 k Carbon Film 1 5 20-2333
R102 100 k Carbon Film i 5 20-2104
R103 1 k Carbon Film 1 5 20-2102
R104 47 Carbon Film P 5 20-2470
R105 47 Carbon Film i 5 20-2470
R106 390 Carbon Film i 5 20-2391
R107 390 Carbon Film 1 5 20-2391
R108 100 Carbon Film i 5 20-2101
R109 100 Carbon Film i 5 20-2101
R110 100 Carbon Film i 5 20-2101
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Cct. Tol Racal Dana

Ref. Value Description Rat % Part Number
R111 5.6 k Carbon Film 3 5 20-2562
R112 2.2 k Carbon Film i 5 20-2222
R113 10 Carbon Film 1 5 20-2100
R114 3.3 k Carbon Film i 5 20-2332
R115 3.3 k Carbon Film i 5 20-2332
R116 4.7 k Carbon Film i 5 20-2472
R117 680 Metal Film 0.125 1 20-4986
R118 200 Variable 20-7097
R119 1.3 k Metal Film 0.125 1 20-4988
R120 13 k Metal Film 0.125 1 20-4992
R121 22 k Carbon Film 3 5 20-2223
R122 10 k Carbon Film 1 5 20-2103
R123 10 k Carbon Film i 5 20-2103
R124 1 k Carbon Film P 5 20-2102
R125 22 k Carbon Film 1 5 20-2223
R126 5.6 k Carbon Film i 5 20-2562
Capacitors
F v

C1 22 u Tantalum 16 20 21-1039
c2 220 p Silver Mica 350 1 21-2835
C3 2.2 n Silver Mica 350 1 21-2932
C4 10 u Tantalum 25 20 21-1002
C5 47 u Electrolytic 25 20 21-0789
Cé6 10 n Ceramic 25 -20+80 21-1545
c7 39 p Ceramic 500 10 21-1515
C8 10 u Tantalum 25 20 21-1002
€9 47 u Electrolytic 25 20 21-0789
C10 10 n Ceramic 25 -20+80 21-1545
C1l1 39 p Ceramic 500 10 21-1515
Ci2 10 u Tantalum 25 20 21-1002
€13 47 n Electrolytic 25 20 21-0789
Cla 10 n Ceramic 25 -20+80 21-1545
C15 47 u Electrolytic 25 20 21-0789
Cl6 10 n Ceramic 25 -20+80 21-1545
Cc17 39 p Ceramic 500 10 21-1515
Cl8 10 » Tantalum 25 20 21-1002
Cl9 220 p Silver Mica 350 1 21-2835
€20 100 p Ceramic 500 10 21-1520
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Cct. Tol Racal Dana

Ref . Value Description Rat ¥ Part Number
c21 220 p Silver Mica 350 1 21-2835
c22 100 p Ceramic 500 10 21-1520
C23 47 n Ceramic 12 -20+80 21-1548
c24 47 n Ceramic 12 -20+80 21-1548
C25 47 n Ceramic 12 -20+80 21-1548
C26 47 n Ceramic 12 -20+80 21-1548
c27 10 n Ceramic 25 -20+80 21-1545
C28 100 n Polyester 63 10 21-4565
c29 100 n Polyester 63 10 21-4565
C30 100 n Polyester 63 10 21-4565
c31 47 u Electrolytic 25 20 21-0789
€32 47 n Ceramic 12 -20+80 21-1548
€33 1.5n Silver Mica 350 1 21-2917
C34 100 n Polyester 63 10 21-4565
€35 47 n Ceramic 12 -20+80 21-1548
C36 47 u Electolytic 25 20 21-0789
c37 100 n Polyester 63 10 21-4565
C38 47 n Ceramic 12 -20+80 21-1548
€39 47 n Ceramic 12 -20+80 21-1548
c40 10 n Ceramic 25 -20+80 21-1545
c41 47 p Ceramic 500 10 21-1516
ca? 220 p Silver Mica 350 1 21-2835
C43 22 Tantalum 16 20 21-1039
c44 10 n Ceramic 25 -20+80 21-1545
Ca5 47 n Ceramic 12 -20+80 21-1548
C46 1n Silver Mica 200 2 21-3061
ca7 47 u Electrolytic 25 20 21-0789
c48 47 u Electrolytic 25 20 21-0789
c49 100 p Electrolytic 25 20 21-0790
€50 47 u Electrolytic 25 20 21-0789
c51 47 n Ceramic 12 -20+80 21-1548
C52 47 n Ceramic 12 -20+80 21-1548
C53 47 n Ceramic 12 -20+80 21-1548
C54 10 n Ceramic 25 -20+80 21-1545
C55 47 u Electrolytic 25 20 21-0789
C56 47 n Ceramic 12 -20+80 21-1548
c57 47 n Ceramic 12 -20+80 21-1548
C58 47 n Ceramic 12 -20+80 21-1548
€59 220 n Polyester 63 10 21-4566
C60 1820 p Silver Mica 250 1 21-2925
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Cct. R Tol Racal Dana
Ref. Value Description Rat % Part Number
c6l Not Used

C62 47 qu Electrolytic 25 20 21-0789
C63 82 p Ceramic 500 10 21-1519
Co64 100 n Polyester 63 10 21-4565
€65 47 u Electrolytic 25 20 21-0789
C66 47 qu Electrolytic 25 20 21-0789
€67 100 n Ceramic 12 -20+80 21-1616
Co68 47 u Electrolytic 25 20 21-0789
€69 100 n Ceramic 50 20 21-1708
€70 100 n Ceramic 12 -20+80 21-1616
Diodes

D1 Voltage Regulator (BZX79C4V7) 22-1807
D2 Silicon (1N4149) 22-1029
D3 Not Used

D4 Silicon (1N4149) 22-1029
D5 Voltage Regulator (BZX79C5V6) 22-1809
D6 Voltage Regulator (BZX79C7V5) 22-1812
D7 Voltage Regulator (BZX79C7V5) 22-1812
D8 Hot Carrier (5082.2811) 22-1033
D9 Hot Carrier (5082.2811) 22-1033
D10 Hot Carrier (5082.2811) 22-1033
D11 Hot Carrier (5082.2811) 22-1033
D12 Hot Carrier (5082.2811) 22-1033
D13 Hot Carrier (5082.2811) 22-1033
Integrated Circuits

IC1 TLO84 22-4243
IC2 4016 22-4780
1C3 4053 22-4763
IC4 4053 22-4763
IC5 4053 22-4763
IC6 4053 22-4763
IC7 4053 22-4763
IC8 TLO82 22-4240
1C9 LM339 22-4249
IC10 LM339 22-4249
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Cct Tol Racal Dana

Ref: Value Description Rat 5 Part Number
IC11 78L05 22-4247
IC12 555 22-4206
IC13 7415221 22-4581
IC14 7407 22-4063
IC15 741.5629 22-4688
IC16 741574 22-4534
IC17 TLO82 22-4240
IC18 ZN4588B 22-4250
Transistors

Ql 2N4416 22-6040
Q2 BCY71 22-6038
Q3 BC109 22-6041
Q4 BC109 22-6041
Q5 BCY71 22-6038
Q6 BC109 22-6041
Q7 BC109 22-6041
Q8 BCY71 22-6038
Q9 BC109 22-6041
Q10 BC109 22-6041
Qll BCY71 22-6038
Q12 BC109 22-6041
Q13 BC109 22-6041
Ql4 BCY71 22-6038
Q15 2N2369 22-6017
Ql6 Not Used

Q17 BCY71 22-6038
Q18 BCY71 22-6038
Q19 BC109 22-6041
Q20 BCY71 22-6038
Q21 BC109 22-6041
Q22 BCY71 22-6038
Q23 BCY71 22-6038
Q24 BCY71 22-6038
Q25 BCY71 22-6038
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Connectors

PLA Cableform Assembly 10-2701
SK11

PLS PCB header, 7-way 17-1023
PL6 PCB header, 7-way 17-1005
SK?7 Receptacle, coaxial 23-3126
SK8 Receptacle, coaxial 23-3126
SK9 Receptacle, coaxial 23-3126
SK10 Receptacle, coaxial 23-3126
Parts List 26 9303 Vol.
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PARTS LIST

GPIB ASSEMBLY 19-1017

Fig. 13
. T Racal
gg;_ Value Description Rat ;] Pgﬁi NB;EZr
Resistors
ol W
R1 3.3 k Carbon Film i 5 20-2332
R2 3.3 k Carbon Film i 5 20-2332
R3 3.3 k Carbon Film 1 5 20-2332
R4 3.3 k Carbon Film 3 5 20-2332
R5 3.3k Carbon Film i 5 20-2332
R6 3.3 k Carbon Film i 5 20-2332
R7 3.3 k Carbon Film i 5 20-2332
R8 3.3 k Carbon Film 1 5 20-2332
R9 3.3 k Carbon Film 1 5 20-2332
R10 8x3.3 DIL Array 20-5525
R11 56 Carbon Film P 5 20-2560
Capacitors
F v
Cl 10 n Ceramic 25 -20+80 21-1545
c? 47 u Electrolytic 25 20 21-0789
C3 47 u Electrolytic 25 20 21-0789
C4 100 n Ceramic 12 -20+80 21-1616
C5 100 n Ceramic 12 -20+80 21-1616
Cé6 100 n Ceramic 12 -20+80 21-1616
c7 100 n Ceramic 12 -20+80 21-1616
C8 100 n Ceramic 12 ~-20+80 21-1616
C9 100 n Ceramic 12 -20+80 21-1616
Ccl0 10 n Ceramic 25 -20+80 21-1545
Integrated Circuits
IC1 741530 22-4597
IC2 68488 22-8305
IC3 3447 22-8304
I1C4 741586 22-4566
IC5 74L530 22-4597
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Cct. . L Tol Racal Dana
Ref. Value Description Rat % Part Number
IC6 4066 22-4761

IC7 74LS74 22-4534

1C8 741502 22-4532

I1C9 7415125 22-4657
IC10 74LS74 22-4534
IC11 74LS10 22-4557
IC12 7415240 22-4588
IC13 3447 22-8304
1C14 74L504 22-4533
IC15 7415138 22-4587
IC16 Not Used

I1C17 7805 22-4222
I1C18 74L510 22-4557
IC19 7415245 22-4584
Connectors

PL21 PCB header, 34-way 23-3325
PL22 PCB header, 34-way 23-3325
Parts List 28 9303 Vol.
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PARTS LIST
GPIB CONNECTOR ASSEMBLY 19-1018

Fig. 15
Cct. . . Tol Racal Dana
Ref. Value Description Rat % Part Number
Cableform Assembly 10-2703
Socket, DIL, 16-way 23-3140
SK19 Receptacle, IEEE-488 23-3314
S30 Switch, DIL 23-4102
9303 Vol. 2 Parts List 29



1 [ [ | 19-1013 -L] 11 L [.“. ey
10-2698 o ‘o)

— !
|
i 19-1014
@ oll||[®!
SK10 SK9 -l

19-1016 19-1015

'
H 19-1017

I %[ |
g ﬂ@ o O . ol .

10-2702

PL13

10-2703
)

10-2701 S -2 %
102 i [ ] 19-1018 o ~ AR
—— 7= e —-n
VIEW OF UNDERSIDE OF MODULE ASSEMBLY
Internal Layout

2l ]

Fig.1



[RACAL]

— LI~
\
guh i)
+C13- 110 o 09,09
. . +
ci, % cwo - T
. 3 . Cbh19-1010 o~ ~ IE'::
7 . w3 19— FS:U oz
5 C2 4 —_ 6 ¥ 5 o x>, xx,
| sem \\ ¢ .- 1
; ] G w R e A C
| = $I&  #xo_|
\ a:[ / RN R18 +C1
81 ‘ xlg °
g i ke O )
" 12 f13)w 16 17

ASSEMBLY 19-1012

SK.{

TRACKSIDE VIEW

ASSEMBLY 19-1011

Component Layout:

DETAIL OF
os/u

Assemblies 19-101 and 19-1012

Fig.2



SK|. OUTPUT

PL2 INPUT

[RACAL]

RCELL I
FIE I

SAMPLER AS3SY.

DRIVER ASSY.

Bb)

¢

B_
D

A3 SAMPLING

ﬂjﬁ

wmo v
bt
< <
]

Lt 4 DRlVE

miem BIAS CONTROL

L)
sk
!

5

19-1011 . 19-1012
44% 14 .
+15y
[o})
| C
2/ N\
100p ‘
3‘0
. RI7 +15y
7 17 ;o8
R7. RII j'CS T cn’-'l"
8-2 470 gln' 4T
o |5 [ | —
IOIn an ' R20
I 100

)
3 5 _Y
f 5!215
2K
6l lie
ﬁl DE—

;.Lcllz = C13 Lo

in 47/uﬂloo
{ I %i

~15v

Circuit Diagram: Measuring

Head 11-1478 or 11-1540

ENNT-
o seg e
T s
Fig.3



Fig.4

P
o e 1 RUICISRLTSVEZL & |5 Jewo1-61
| — 11 1 r 1 | 1 — | — 931 el
! 1 ' [ 1 1 l k. ! ! (-
| ' ) | + +
¥ 9zs—vzs—lors— + s — L0 as— o les——  lys—
r 1T %8 T 1 i & 1@ F— | — —
' . . o | ' o i I Y I rTTrTTTTTTTTT T ar *
z 9z ! !
\ ) )i ] o4l | | 1 | oM oS 3¢ l
£3s £LS ols _~+ Sis s 4+ 45 les 1
r 1T 1 1 _n_a...,__ 18y T 1 r— < 1
uty 1y i [ | 1 [ i t [ b1l l_ -
] 1 J 1 1 )
ors—lzgs—dgis——  wis — + as— , los— lyg— W
T 1T 1T 1 I 1 £1d1 J _w: T _nm._ I 1 J [3e]] tAs]] 12
| 1 1 | ! | 1 1970 i | | v N7
L 1t ! or L 3 L N N g W 31
szs [F23 15 41 EIS 6s Ss Is al |

Component Layout:
Keyboard and Display Assembly 19-1013

[RIACIALJ



——

———

[———

5

)

11
O ROW 1 SALECT Py

 AowE SELECT ()

}
5 ASw 3 SELECT i
~ AOW SELACT o

!
{

——
Ledt ; 48 |=H|= |=
- AUTO VOLTS | WATTS ? 8
1Y a8 %9 13 L3 921

eopT/eqes s

21

26/28(24

R el7s 14 P32 11 [0 o968

ot [ea[ea[sefer [so sualeRes T

l.rx

9
k11)

o—4
o—

lmV mw

b P

T
S
T
v

JU

sTEP T10 | [STORE L E—‘

op

S2 sto | |st4 s18 | [s22
IR RAR

bl.P| Pl F

d8

511

RECAW (1 [

418 $1 23

Iz
Tuuae
I

¥R tEw | [

and Display Assembly 19-1013

. 2 ; ‘
H N REAR l S W l“‘“
9 — | ! !
23 . ‘___j & ' i ? 9[':’ ?D: B] ql]j p[}] Dj
2 J 1 ' METER|]  [cAL. | [PRowt| [cont | o . ce
% ] ] 26 FACTOR INOE
{ 1 4 41 25 sS4 58 8z | |ste S20| [s24]| |[s28
18 3 2% — =
TIRA 3 23 J
onl2l _ o[22
R PL3 : o
A 20 20 Y] = - b = ] @
< ) oriov et 38 Byt oy . [ 38 her g —— —1'——-'5—" - “"—ﬁk —
I'e 10 )23 Mo D1 ek tle o1 ek Tie 8 ek a - ~ o < . o) ~
9 X ; 39 T 1] R! IRRE) 2 z =z z z z z
] . N 1% / 5 3 3 xz ¥ z 3
u @n a:; 3 3 2 3 3 3
8 | 3 g 38 3 38 3§ s
e BACKPLANE ’ o) o) o) o [e)
[ ISPLAY GLOCK (9 ; I |
DISPLAY DATA 422 g T
OIBLAY CLOEN T $20 J TO RROCESACA AdSY
O DSBLRY SXKig 2l
O-RIsPLAYCLECKY P N
OLLD OATA ot .
) 7 iy 3 - xSy _J‘_Sv
i
! Iiﬁ raall’ : Lim e E. e
P L) 3. ol A o
) 4l ;“'l 4..1512:,11. 4 .Isc'..'G
Sl > g it
b <4 5 e
| ! g & ’7 4:51 Qny " ek Gt
; 5 ;
otER ek 3 =|:
o= erock aﬁls —_— e
Oumc;ccm 'LG F L
i g
n
| | J /|
' +5v ! iﬁ _l
| [ el i r ! ~ T
o *8v_ g2 I RIRNAN wini o] el g windoalw —} ot oy \\k\\ Wi W
‘ H_E?a Kp 1‘ X KP L #P: | lf K | ; { K lt | : . KL, if“: x:: 1|.a Lp an L ole
o—= 3 ?‘ ) 5" e )5 o ;1'3 :"{“};_E;J Y thB'_ *{_ﬁ'; R S %l jie
o ov izs N P T T ls L ) B i 11J1 3 T o 19 ¢ ‘JS :_ 8
1] R3
— IR 00| i (
+5v 330 320
% Tu
Circuit Diagram: Keyboard

Fig.5



RACAL

19 PLIS 1 LK1
e o - cw 20 2 Rl ~R22~
cI1s — \ \ \ 1P /7 +
R3 1 1 1 ! 0 |N|S
JANY: a3 lolo
/ 2 |8 N\ N\
= |3 o I F: 8 [ S| e
-pog- C28 \ = = = - 2
R28 - - O R247
— = “~R29~ , €25 g N 8
“ 213 c24 SOLLTA Y
< O @ = 1 S~ 28
2 ' ol Se X7
= P icn 8! ic2 ﬁq[ o
el e ’
< A ~R50~ & ATPO JQ‘ é R15
! ZRWS 1Y ° %
34) —y —
ha e EEE R
B S :
L] I DI €33 _Raio Caa c3s 9 }&
LA ol [~ roh = - + 1
O ac | B Y o I Yok v e
INP UTS ) \ ol
D ZRa2- IC 8
6 | R3sT C7 SEER o S
] — o ~ '3)
i - 0 \v}o AR12IC4 IE Q S o 3 o -
: 3 3| &2 RSO = = =
2y = rF
~ i csa
cs +
| 3 | 7
! 1 1
! !
O 1 ‘ O [l
- 1 P S
; _ | wc23 - [ 1C24 Ju' [ 1cas jA| IC26 e B
4 cI9 4 R35
b & - II
13 cio co 1 -
4 1l o ! 1 Csl ©
s 18 %] g == 'm 'W ni
# P
| E . Y 1%, 9 3 S
= P3 Aov .o o oly . o L
* g1 JA\ U T 26 -
2 + — —
W\ v + IVAVANWAN " " ca4 T84 |R
: o ee 1P7 /\IP8 ' ' m 388 1S
5 + O o /P12 K" 1P
; c42 2 + 10
CHASSIS l:lﬂ 910 11 12 gl 42 R T [ 8 5 + A
EARTH 2= el S |8 S S +
Q\o\ ' \ + [ L L_ / / AV
= / 32 e
AC INPUTS 15V |:|| 4+ 5 + 4 24 % 8 =a
] RO \ A 57
/1%
17 18 19 ¥
o of
v A

15V |:||s

X it~ -

Dzéo\ HHE

S29

_—

|:|2|’

WARNING HIGH VOLTAGE

5§29

1€38 IC39 R44

2R Egonnz 19-1014/ [ |

Component Layout:
Processor Assembly 19-1014 Fig.6



e v s e e

RS 9VIOK 53 TO KEYBOARD & O!15PLAY ASSY
SK 3 TO xEYSOARD g DispL. ASSY, v L.
- N M 4 o g & RS2 0 ] an
z z 2z 2 z gz Z ACK | 3
2 £ F z I £ =z
! i3 3 3 3 3 3 1]es
REAR PANEL: & 2 5 & © 0 o .
I \ : (8] (B Q (9] (5] Q (v ) |2%
WiRkaE | A L
T . . t
stiecron R e o
- Lo — E ;
l N mpm— o
90-127v-500m A
E emlm 193-253,-250ma
-~ B N E L
l —o—T—o
f
| 3
R : 13O
gﬁE\QEL +15v 1;9 y ! ‘ i — :z.,E 30 g
ASSY © ‘ ! ; N
11-1488 B i ! Ph [l 3 278 gi
I 2a2rnfolals] Jaisi4l 321 ideg2 " 26 b
i9 ‘ -
1oon w e
[ .
e
aN PLI3 2 L1e er3
BL T o 1 LINE ON/OFF o e s, 2] 20, sp.av
B) ek |
w/BL #4.7, #4.7. 4 929 : T 3P—=— A4 ’ z
A2 1c 13 13 2 2L 2-218PaY |
W/BN | 4 Az 3 33 [5 ¢ Lok 2 |«
i) 10, MSPLAY (%
‘ 4 Choed 3 |$
/ N }(1 £ A Q) 2 25;/ % I‘&J 1o[ifi2 o 3534"‘ ) 9 BACKPLANE "’l‘
| I - : e LSS neened
R7 MR [TRIO £38Y | 1 8.-l6 s}ml 2| 1 [2n22)19) 224 LA —— . L"'_-H fLock
Ré 56k | 150K| (B2 |3 R33 s, e $ D20 cyo=F | g
10k | i 23'3“‘ T_\ ICle r“ Al \As S| [+3 ? lOOn%% oeeLv |
0 ] \ ARG c3 L T R35 4x33K HIGRN 4
alel[iaf:a] sei7 VBL 20 € N 38 100K C;ﬂ L él & (€D % |2
k s AR P Y PP i | g ¢ D Lotk 1|¥
PLIS 418y 4n Ic3 L OOK N A a7 ‘uu 5@ SCLED tuock 2 e
— 1 4 LR 14 3¢ 3 aload)
+15v ”Lj_ 5 ] 4 iRQ S,HP +5v hd it
@ | -5 * 3 4 5 Y e +5v TP3 ;
2 B le, i 6 e R33
o ! v b Clasm c48 ‘ I 8x 33K
[ a | Sy 12 ] 1ca0 2 | &7n 47n JI ]
= - L
. 5 ﬁ%i - % ! 6 NMI N L o] 2o 21134 AKEE] Ssob_
> - i 2 63
z @ f A gﬁ:!v,‘u]wsvew 18 . E sod e 8 2'57 A0<L
3 N S'aldldl8lgle N ~ | 28 ! I 7 Ol ey 17|
| 3 ‘ Ao 2 <IL" 2 22 ‘ STP4
1" +Sv _ (] \ i
% [c e VJ T o oo ne ey [63e | U SICZ}\ | ; 1l uso<1r 4 o6 |
19 T AU (O] W N -
2| 1oghe ~l 5 413| 2| 2ap2sla ‘ 5 15 12| 2 |5 |
| o5 § “el5.ai3 2 e e 18 I ] *’Q‘
} J(E) 12 - ~ l 5 13 o, 14
I 14 | i E {2 ) -o< O—r—‘
2 E SR TANARIGTT 18] 29 = T ‘
3 - R ‘0 z] as LE Al 7_<}; . ! 7 13 14| o, |3 |
s RMS I/P = Q\éﬂ{:a‘k)o'o 3 ‘// T | ‘ |
W | 30dB SELECT | o i2 8 [E] 2
@ | 30d8 SELECT 2 L5V ]|._| l ‘\ L. o5
20dB SELECT q > NI E I = T2 2 ¢ b ’
l Z|odpseecr & 21«33.2]22&‘( e ! 3 L l ® y ol |
° 9 7185 4] 312 1[2322]19(2152 s Dy 2 ! ! "'I[ V
o - | 17n | 1 T91ces
I | INT.CAL SELECT a SR
z - Ico 77! A | iz a T ™
o = i ; 2 3 ; i
fapene X M =11 | | W S 4 Hl
(o] N 4 6 ' '
l * | FRONT HEAD SELECT wle ! 3a | 36 o;\a@[gLaQ pLS 0=y | S
L ER S ———— N . / ‘} 5l 1C26 — 1 lii
T T T T Rua N2 5| 5 ) A M P
a4 5 i ag 2 [ B i | [
| 1 A 1oy R E i
= L1 78 CEN-) 14 e A I‘——LW I e |
ce | 2 i - ! sy
o | ) - ]—{>—\ | L ; \ ot G NQTE
N L) . 02 - L‘ il S , | | | 1 ¢50,1C1.2,10 AND PL14 ARE NOT
-&—, . ’—ﬁ o T FJ> : [ | e \IC a; FITTED ON THIS AssY
= g = > sl ST
= | i L TNy — L
L aill " ‘ - w a5 -
f‘; i ﬁo ‘—020 s2a o SPARE o 3
- b PN =3 e S8 ircd _u>o; 3502 343
= X SoNEEReE = Hiped gk dipos At F e
- : 2 o == 4 S
L -a- | O i —t = * . 4 e s :;35 ol _;@oi ’
§ : | ‘ Y p. PUS S =
* Tt lededed sheshbcbol bz - s I- s & s
5 v S W FE N LS s s
g 7 v ALY TaWd Y 33
5c - ) . .
- =1} Y. H .
L — = 558 Ass Circuit Diagram:
JRACALJ R ! .
THITL W [
156 — e e

Processor Assembly 19-1014 Fig.7



RACAL

B

[]

§;7Udl

_RI9
~Rl16~
~R27~

+
cu
“R287

“Rr237

R24

6l 0% |14

L2l

w-iois/ *

[AmY:]

90

~
o
+

v20
R
w

1

131

- 913,%5;
V

\/v

|
‘a:'Vl's
4 Vai

S0
AL
_ 8l
PITN

2dl

D

dl

N c7

Component Layout:

Signal Converter Assembly 19-1015

Fig.8



PR,

§
TPIS ( ; .

)

AVERAGE & AUTO ZERO
SAMPLE & HOLD

Qs

ol LI R ” o8
4 1C4e|, J{i\ r—>t
Q
N
B y Q1
I +18y ReS
- sy R20 R R28 11 i3 A 150K
J—l——l—]“ P 22k 22k aso 120K 156n T
‘ Sn T 220p 1% ¢ 1
. $ i 1% 29
, ] 13 Ic4d [ X
. = wop Y
ov'A -i— .L R,R’ 4 l——q
o | ¢ (43
ov'A B0 =52 T3, =54 awed | Y
I, A A I " T 100 I <
, < "6
\ 2 . _ Qo )
18y __-r___rj Q3
> | Son ca '8V i R22 1 % m €
p 24 ]
a ! 220p 41K Asé
< ‘ 1 H%ﬁ 1=} 4
€ upsrom t =g
« 2no SAMBLER +
a L v 1By y 212 £
z ] 1e 22
SWEEP OfF  mum 410K Res Yo
2| RUARMEAD SEL mem!? oK M < “15¢ 19
FAONT HEAD SEL '8 O < " e
048 SEL2  bmmed v -1 « Rat oSk 220K
3048 3601 bmeml® 5% 43-9¢ Q9 ey
2048 ML — R4 0% 180K TP1
—_
10dB SELE  bum!® B rero 4k N LT
g < —e . .
10dB SEL!  mml R3S a5 <3 Y Yoy
=
INT.eAD SEL. | P4 A2s 49-9% 124 K A
] L 14 *®K WV c
EXT.CAL.SEL.. '—— 1 cea
P b
*15y R36 M '
Ri RS ce cis ISV 10ex R.MS. '%
B " po; I N, |40 i 2 3 en Sl FeERSAcK "8y
3 &xrealse 13 i
>3 INTCALSEL o5 | 16 R3%
5 nrealtseL 5 vl :loo;( 100K
c
54 todbSELY L4 Re - oo e TPY wl__ag]
.9 todB SEL2 .9 K \son| Qt ~18v c—0O— n 1!
> R37 + T
Lo odbstt o | 26 ok
> —e
16 30dB SELY L 10 1K h
18 doumserz .8 Yo RE 5
¢ c1e
2 FRONT HEAD suéa 1on TF3
S REAR WEAD $tL L1t -
10K
> 1
F4 A
< +18y
0‘ 345 4 1Sv i's _T_
w | 7 T
- .
8971 <t ovw 1 +i%y
& S0 OvN © Rar
v
(I) CK
P-4 ‘ R28
w , - 1K
- 1 — R -
puti 13v J-‘” 100K g
| a2 et
18y 10K 47y
A"
10K ~MING AND SWEER
. GENERATOR
A% 1eemz tP 119
Circuit Diagram:
s Signal Converter Assembly 19-1015

PROCESSCR
ASS'Y

Fig.9



[PLS oL :8
— "3

R101 PL4

R102 —
RI03 >, ¢
c4s 3
-_— o

SOt yd”

- _ T R54 D7+ ——

C4s5 ., D2+

=3 i R65
R72

P¥D 96D §SD

AN

© o T .
R68 ua @] "

N — -

v @w'?“t +

an
R73 ~R3I- pg +
0 cas - %
cle = Bt ey
75/
v RIOS -R23

L] 9,|

x
3
A B ~R25~ -R20-
|w i1 /C(;“) +
X= | © Ico 1cs fafaiall
- ~2 - c3 ®oN A
- C © (26 — -7 T RI3~ O VNV
34 °© L RIS & N
o x
R RI2I O R4~ +
89 — 1o _Rio. 3 %
RI000, ® Rl | RE | =
R86 R74 NG TR 5
- olg ROy y
I
R8I~ P
82 @ 8 o7 / “R3—
R>? A, +
RA3 R60 '
+ 1C6 RTE ¢
R84~ IC10 VA, e

B ocio |
~ - ‘ ¥ (23
+04TREIT o ‘“'_o@ | Qesag
R8O O w
LR77. “R56~ _ ~ I R4
A _ 1
33— = 32 —

Component Layout: Amplifier Assembly 19-1016 Fig.10




~18v

R4%
10
o aes en L& Lew w0
47 - 1008 @80 4Tp 10n 80
o1
o2 o9
< RIS d-1%
spr 3.3
3 .
ced Qe 2 ) c28
22, 2%, e o @ 2,‘;".( 1000 Kéa
78V —i ; Thv
~' ’mz ' h f ) . e
£ ‘. 1y Paamm ] 00 5 o R122 1 .
z lsxo 358 ¥ Ra LN e B 2t c}gy o B 3
Z e
RoNT 200 o 200 o cgd 2
§ i RS lé'- l§7 R119 ¢ 4Ty Fee
£ e 3 & R2! 13K 13K 3,0 w2 ‘ i
T |REAR - 18K R4 Ré3 o 2
. KIS g;:; T o v 68K Spire 309 gac|| 33|28 TAvA ' a
z ‘ ¢ > ‘; ¢ o
= l" =]
013 158 A7 []R20
F 880 Ryt &80 | | ¢ U
15v'8 Tave A49 R’50
| Sv Cea 2.2k 4710 g |
} @ R3 » OJ —
) \
L : . ‘
- cs | co L cis datle . -3M
47, == 1on #10 " on BT 3 )
\K ;5 S | R48 }
: *78v 2-2K !
e C24 =G 28 me C26 . ‘
RS 4n 47n 478 R Re4
22K 20k 22K ‘
] i
R4
-4
358
80K,
o5 2
g
A2 2GS 3
X 4 02 190K S
<
@
Skt T av FRON
> e pwitelp 1By !
@ {19 REAR HEAD SEL [t d T e
%z 18 SRONT HEAD 8ELJ 18 » 15y o amm # 15V
« 5 30d4B L2 " 2% +5v ,__—/ BLG(d .
N c? +18v
e 12 30dB SEL.t  [i2 ] Rizg - on = ok L——-—‘
€ 1 s _.20d8 séL 22k X
z 113 1048 skL2 118 511 oA
S 17 1odB SEL.I 7 TR B PLG /2
2 19 INT.CACR SEL. ov A
2 | {1 exroacfsel 1w Rag +5y v
a L~ 12K
X 161
3 “ay 4% 4 Qo IR e
w S f ca2 e o
S@T ~1 | 225 T8k, A e '13‘- PS4
| L s o
% & 2 13k Plils
€
: v
1 —
ICR “18v
X 15 2 +5v
"
! s
R104 . )
38 L PLSD Resr] 4
I 5
3P4 PLell
e e :
R0 3
I 4 3
7 4

'

+18v

TR 3174

REAR )%(
811
BLal

43} S|
41p™™ 410

b § i

SPARE

Circuit Diagram:

|

Fig.11

Amplifier Assembly 19-1016



[RACAL]

TH3174
2 |

143

zZ1d

€€

o
I

=

o [y
= ) :“:o a ?j w5t
S ° V29 |e / —I’r o
] - |_| \\ 8
— — o o x ~
- - - \ VIR
] Ll Ll I
\ '~
- x w
Py 2 ~ S
b (=} / ~ —_ D
- - m \
\ ©
sl 2 |z gl P
.
-
C4
ic 2
[ R10 | 0
- Cs o
B ) \- €13 Q- 1c3
|
_ RN CEJ
N
PL 21

Component Layout:
GPIB Assembly 19-1017

Fig.12



+58 1 !
js B0o 5‘0 9 z
+5vB [o] Q
[__ pL22 -HSV . 3 Y 11, S/ ICI0a 9 *5'15
+ioy o [ Ic7 o3 P iz F%‘ s
1
rov £y } s S 5 a% D Ics
3 © 13 7 ]
ov pL2l 4 oy
ov Lu o Cl ==c2 c3 4 3 G | L-I
[ T dm B 5 W —&&ov
2 !
v TS D> D3 —Rov
5_3-0"
26
5y +5¢8 2
+5v LY
e Ictc[I2 oo
OV'D me=— %
ov‘n’.ﬁ-_—» "
010 3
v 3
2 9
i‘ 4 e == DIO 5
5 20 T.nio 7
) 0 7
| o \ %rgs_.s_gsn
‘ 1
+5vB 36 J |
v 18 BuNRFD
R8 34 L 7
33k
| 40 32 J S@MATN
i1
30 Ii
FROM J _¢cs ; ! DAV
PROCES50R _ m Vo @M‘?_ﬂz 4=
ASSY. 2 i' 3 BO7 C:—J —5 IC3 ‘Cgon TO
Lo 5%?1 5 % GRLB.
INTERCONNECT
26 1913510 2 Asay ¢
T 6
25 TRG 3
Ra 22 ) 2 Bo s
RESET J&e RESET 28 . , N
R/w -Z—L
R/w - IC2 |7
s 20 _S.pro s
7 jﬁ" v8
a3 | 5RQ
2 23
31
8 Zono
‘[%’1 29 L - AC
o 23 % 16 ie
Di IZ‘E%JJ BO: . £01
f——— 17 A—
D2 13 7 B02 5 19 Fe
a— T\ 25 1ol +5vB
6 14
. 4 583 2 5vB +5vB __Ti%[s— loon
- i ’
15 D X RIO
Do 22 Qs 13 5 B804 10, 1] 3K L ’ 2 K v
(o TR" - S— ] o 4 0 =26 33 2
o M8 D2 R 2 ) AENE! & GPIB Ar
Ds < D3 ,7% BD ’ g = GPIB Az
o\ GRIB A3
Da 4 D4 e — iz TS
Ds &2 = § = 22.6PIB As
s D7 18 2 D7 G ]
13 7 5
| o —_— 7] - . e __ adgy
{7 , +5vB 20 10 | 20 5y
— N /' ca
. 163N 1 By
i - .
NOTE: ALL LINES ON PL2} -0V
ARE NEGATIVE LOGIC v i
RACAL Circuit Diagram:

GPIB Assembly 19-1017 Fig.13



[RAAIC/AL]

TH3174
T

PL 20 4

19-1018/

[

34
I — —
12
24
SK19
a2 112'31415[6]7181911011112]
12 S30 7

1= 6

13

Component Layout:

GPIB Connector Assembly 19-1018

Fig.14



VAR

SK 21 PL2C 8K 19 - N
plot Hi2 2 1
{13 BrOf
stoz § 31 2¢ ooz
D1O3 Jié 14 1 3
ptes 59 5 | j{ o
p1oe 58 5 42 otoe
o107 §7 7 3¢ 107
plo8 56 _ o© { 166 nios
SRQ gi [ { 103 SR
NRED 53 3 10 s
REN 55 5 KD
DAV ! ' i g REN
col '{15 Y16 TC DAV
D- o> —=C &0l
NDAC 517 1 8¢
e 319 %19 e
; ATN S22 22 { 1A
TO GRIB ASSY— & 1 { ATN - TO REAR PANEL
‘ 530
GRIB A4 ‘;\,@9 Jzﬁ 8 [ 1S
GPI8 A Ils : 28 [ ] . 4
GPIB A, }27 2l 10 oo 3
GPIB A4 }26 26 I 2 |2 ,
GRIB Ag 525 25 {2 = |
™0 5 Taéf I 7] =16
|
|
| . V |
ov H! 1 12
oV Oy : [jg SHIELD
oV 3% ¢ p—oC oNDE
oV g s 25 GNDY
ov 320 20 | 2 G NDS
ov D 2f . 22
2V 25 2! ;3G GNC 10
v " 2 {  GND 14
ov | - GND LoGiC

Circuit Diagram: GPIB
Connector Assembly 19-1018 Fig.15

(2 |



—

[ e

rexdisas A

a AT v

s¢ 2
Tl ov —et 7] < oo
> F;‘S_T:,’g:::m«a | z-Coio2 |
B e —< GPIB eI
‘ — IColos i
B S —— INTERCONNECTION SCEES |
e 7 N ASSY STeRREr
2 }ﬁﬁ?——':g ! 8. neas '
S = I 17 19 -1018 %}—cv:f_ ;
) — - () —< 33 |
- G o= — 2 | BLESlEs L oers
|3 ) 22— i3 SKI®— 12 —C SHIEX —0 .
GRIB aAsx (Semy—— 0123 i3 ] 3kc prcs CONNECTOR
{Sem)——— DIS+ 415 | 13 DICE C 2:a2
12 - i o) Gy — BrCRIs, Rang-
i !
L2 — 18 %mfciﬂ‘*——*::g PL20 ICREN o
| Gy —0 LIPS 18/—C GND &
ES )——~+:1»20 19F-C GNO WD)
3 o G\ (I pei 20HC GND\Y)
Dem)y— 922 21 —C GND D)
‘ 23empm) ———— 923 221-C GND \I0)
24 CReaAs 024 | 23l ¢ gND 1)
a3 GPB AL 925 24/ &ND L0GIc
g’ )>: a8 A3 p2o - —_
S— L - 322 SENSING HEAD 1/e
- . _ 2 ——¢3% |
REAR PANEL ASSY 11-1488 930
—— 3 | 8
| 2 SKt
1c41] | oLa  S— 33 | CALIBRATOR O/P REAR PANEL
#. JN E w22 > 34 | SK17 ASSY 11-1488
i — 12]3) — ~ N
LINE VOLTAGE | | LIVE BN —umtner o0 -—umtnor 06 SHOLNSLE5e S Had /7177_t
SELECTOR \ HHHHHHHHHHT %
FOR FUSED  NINELTRAL. BL N Y'Y ) I
ABcDgF CONNECTOR ] : NOTE!~  ALL LINES ON SKI9 AND P_20 5 a
EARTH % ;‘ ARE NEGATIVE LOGIC F; . .llx ‘;
w/BL SWITCHED NEUTRAL P P4 P4 | 0| e a0 0|~ |eu| 2 L ! 8
w/ BN WITCHED LIVE g;OOE >(>) l'jnlﬂm e 8(<(<‘+ ! [0} < J
| ES
W i 55 Q
= ] ! EI %2 A PLI0
> 2 A I g
L Y L1 14 | T
43 VO™ 060 —uNTNONONO v~ AT N gg 511 ;
—aum o —_ ~
o TereausaTomaeee S PR N R INE SK7 SKio
T PLS
PLI3
2 _,,‘m)g 529 | S¢ 15 ov 1 — --§u| ov -
D> Fa 3 _FERONT HEAD SELECT 4, 2 y =15V 2
3 S XT CALIBRATOR SELECT >3 3-L< 3
3 )—thod s—LaLEcw;_—1 - _E ', 2 Gy <P TO AME DETECTOR A ,
INT_CALI BRATOR SELECT $ Od B SELECT 2
e ) H 20dB SELECT ®> 2ol 2048 secelT 4 AMPLIFIER ASSY
oY ; PROCES50R A55Y 2 ) . > 7 ey 104 B f-sl-v-c" 1 7 19 -101
D).
;;Z: 19 - 1014 S 3 10d B SELECT 2 3 g::§ INT CALIBRATOR SELECT g
_ 3048 SELECT ¢ |
liSv PLIS Q ; REAR HEAD SELECT ’:10 —pPLi2 PLI — 'ﬁ’: J }10 PL4
12 12 12--J OdB SELECT 12
100v 13 e 13 13 = 2 '5_1045 SELECT 2 13
12— oid 14_;j EXT CALIBRATOR SELECT 14
s 4 +15v —&15 15 915
| 'i J<RMS 0/_P1;c3 PROCES50R '116 lg ol SWEEP O/P S :13
[ A I3 FRONTHEAD F SELECTS 3¢
}g ) 60 Hz OUTPUT 'Ig 18 REAR HEAD R SECECT ::}8
20 ), ov 20 ﬁo —— ov 420 |
SIGNA ONVERTER
oL16 SIGNAL C ; E SK8 PLG SK2
' ‘ l ASSY 4
19 -1 32 71 4 )_%
—un1<r|nqpnm@g:ﬁ'giegteegﬁtﬁm:)g _ 9 015 l l l I I -
3o PN JRURJE U
= °.8 S5¢d T .2
ol fed <l (2 Al o a
A - ©
B R s R A R o g ]
MDY 3:11.:2227 2| Jla Sxn w g
Slal0(C|a|ofw(wl, |9l d 55% F4L VIR 2 z| O
0;403441"‘2\Jw\4§§3335§)_ zla ~h o |
b b e S (X1 51 J-J.JJJaa(:J: a|w
DJOO??ddqv‘OCOOOOOJJu - A ‘S =x !
ol 7|88 R R N M R o~ 1 e ] [C R I
- uagf,gsg 2121a -\5 vy 2 150 Pas |z 5!
S,.88_=aNnE - 3avD_ING DEVE len a
NN 0a UM TN O~ DOO =@ i i 2 o0 ] oV ’—o“lg 2 2’ ¢ ) ‘ ] — 3 FRONT PANEL
- Rl R L PN | T 5avELNG = FOI2 22INE ¢ =, | . L _
l "‘ ~ P 2 ol -vs PERVIN 3(}] \[3‘1.\5_]5.-\ 2c. . 63 PR 7777 A ASSY 11-1487
[ ~i3v ) - 2 - @2 3K 1 oy
o_ 3 . 12-121 Z; ‘ETG‘_O:Z 121212 18 [SINSING ~EAT --l ‘ . @ Vi CALIBRATOR © P o,
| o H —— == = 5 03 b )
KEYROARD 3 DISPLAY A3SY 19-1013 ol -5 o '5%. aj 1D el
21 \&\3 z 2zv “o\) - \ L
SEINSRNG -2aD Assv w) 111478 0 (2, 11-1248 .‘ SENSING HEAD /P
—J
o]
:_ZI
BEEQE 2a_132a7zR 1/
THaze TZSc¢ AeNT . .
i : Interconnections Fig.16

2B ] 22 §¢17 2:aR



Racal-Dana Instruments December 1983

TRUE RMS RF LEVEL METER 9303

The changes listed below have been made to some instruments having
serial numbers above 1200.

Changes found to apply to the instrument with which this manual
is to be used should be incorporated in the manual by manuscript
amendment.

FIG.11

PARTS LISTS 23 AND 25

In some units a 74LS629, Racal-Dana part number 22-4688, is

fitted in position IC15. When this is the case a 1820p +1%

silver mica capacitor, Racal-Dana part number 21-2925 must be AR5155
fitted in position C60.

PARTS LIST 17

Diodes D2 Delete 'Not Used'
Insert 'Voltage Regulator (BZX79Cl0) 22-1815" AR5384
FI1G.9
1C46 Add D2 as shown
TP7

9303
Issue 4
Change No.1



Racal-Dana Instruments April 1984

TRUE RMS RF LEVEL METER 9303

The changes listed below have been made to some instruments having

serial numbers above 1350.

Changes found to apply to the instrument with which this manual

is to be used should be incorporated in the manua. by manuscript amendment.

PARTS -LIST 22

R126 Delete '5.6k' and '20-2562'

Insert '100' and '20-2101"'

FIG 11

R126 Change value to 100.

AR5628

9303

Issue 4
Change No.2



Racal Dana Instruments July 1984

TRUE RMS RF LEVEL METER 9303

The changes listed below have been made to some instruments
having serial numbers above 1500.

Changes found to apply to the instrument with which this manual
is to be used should be incorporated in the manual by manuscript
amendment.

PAGE 1-7

Accessories Provided. Fuse for 100/120V Delete '23-0052"
Insert '23-0022°'.

PAGE 3-1

Paragraph 3.2.2.1 Delete '1/4in x 1 1/4in', '23-0052' and '23-0056"
Insert 'Smm x 20mm', '23-0022' and '23-0031"'.

PAGE 4-6

Paragraph 4.2.3. Line fuse Delete '1/4in x 1 1/4in'’
Insert: 'Smm x 20mm'.

PARTS LIST 1

FS2 Delete '23-0052" Insert '23-0022"
Delete '23-0056" Insert '23-0031"

AC Power Plug Delete '23-3294' Insert '23-3420'.

AR5739

9303

Issue 4
Change No.3





