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NOTES AND CAUTIONS

ELECTRICAL SAFETY PRECAUTIONS

This equipment is protected in accordance with IEC Safety Class 1. It has been
tested according to IEC Publication 348, 'Safety Requirements for Electronic Measuring
Apparatus, and has been supplied in a safe condition. The following precautions must
be observed by the user to ensure safe operation and to retain the equipment in a safe
condition.

Defects and abnormal stresses

Whenever it is likely that protection has been impaired, for example as a result of
damage caused by severe conditions of transport or storage, the equipment shall be made
inoperative and be secured against any unintended operation.

Removal of covers

Removal of the covers is likely to expose live parts although reasonable precautions
have been taken in the design of the equipment to shield such parts. The equipment
shall be disconnected from the supply before carrying out any adjustment, replacement or
maintenance and repair during which the equipment shall be opened. If any adjustment,
maintenance or repair under voltage is inevitable it shall only be carried out by a
skilled person who is aware of the hazard involved.

Note that capacitors inside the equipment may still be charged when the equipment
has been disconnected from the supply. Before carrying out any work inside the equip-
ment, capacitors connected to high voltage points should be discharged; to discharge
mains filter capacitors, if fitted, short together the L (live) and N (neutral) pins of
the mains plug.

Mains plug

The mains plug shall only be inserted in a socket outlet provided with a protective
earth contact, The protective action shall not be negated by the use of an extension
lead without protective conductor., Any interruption of the protective conductor inside
or outside the equipment is likely to make the equipment dangerous.,

Fuses

Note that the supply fuse is connected in series with the brown (live) wire of the
supply lead. If the equipment is connected to the supply via a two-pin plug, it will
be possible for the fuse to become connected to the neutral side depending upon the
orientation of the plug in its socket. In these circumstances certain parts of the
instrument could remain at supply potential even after the fuse has ruptured.

To provide protection against breakdown of the supply lead, its connectors, and
filter where fitted, an external supply fuse (e.g. fitted in the connecting plug) should
be used in the live lead. The fuse should have a continuous rating not exceeding 6 A,

Make sure that only fuses with the required rated current and of the specified type

are used for replacement. The use of mended fuses and the short—circuiting of fuse
holders shall be avoided,

May 80 Page (iii)




CAUTION :
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STATIC SENSITIVE COMPONENTS

Components identified with the symbol on the circuit diagrams and/or
parts lists are static sensitive devices. The presence of such devices is
also indicated in the equipment by orange discs, flags or labels bearing the
same symbol. Certain handling precautions must be observed to prevent these
components being permanently damaged by static charges or fast surges.

(1) 1If a printed board containing static sensitive components (as indicated
by a warning disc or flag) is removed, it must be temporarily stored in

a conductive plastic bag.

(2) If a static sensitive component is to be removed or replaced the follow-
ing anti-static equipment must be used.

A work bench with an earthed conductive surface.
Metallic tools earthed either permanently or by repeated discharges.

A low-voltage earthed soldering iron.

An earthed wrist strap and a conductive earthed seat cover for the
operator, whose outer clothing must not be of man-made fibre.

(3) As a general precaution, avoid touching the leads of a static sensitive
component. When handling a new one, leave it in its conducting mount
until it is required for use.

RADIO FREQUENCY INTERFERENCE

This equipment conforms with the requirements of EEC Directive 76/889 as
to limits of r.f. interference.

WARNING :

WARNING :

Page (iv)

HANDLING HAZARDS

This equipment is formed from metal pressings and although every endeavour
has been made to remove sharp points and edges care should be taken, parti-
cularly when servicing the equipment, to avoid minor cuts.

TOXIC HAZARD

Many of the electronic components used in this equipment employ resins and
other chemicals which give off toxic fumes on incineration. Appropriate
precautions should therefore be taken in the disposal of these items.
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INTRODUCTION

1. The following description should be read in conjunction with the appro-
priate diagrams in this chapter and with the circuit diagrams in Chap. 7.

The circuits are summarized in paras. 2 to 21 and then described in detail in
paras. 22 to 151.

CIRCUIT SUMMARY
General

2. TF 2356 is, essentially, a beat frequency oscillator covering the fre-
quency range 100 Hz to 20 MHz. A microprocessor is used to translate the
front panel instructions into control signals to select output impedance and
set frequency and to precisely control output level by means of programmable
attenuators. The frequency synthesized local oscillator, which is phase
locked to a 10 MHz temperature-compensated crystal oscillator, uses three
phase locked loops to generate frequencies from 30 to 50 MHz in 5 Hz steps.
Output level accuracy is controlled by an a.l.c. detector which is tailored
to match the frequency response of the output attenuators. A simplified
block diagram of the sender is shown in Fig. 1.

Chap. 4-2
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FPig. 1 Simplified block diagram

Signal path

3. The 30 to 50 MHz local oscillator signal is mixed with the third harmonic
of the 10 MHz frequency standard and the difference frequency is selected by
low-pass filters. This signal is amplified in low distortion amplifiers to
provide a maximum output of +10 dBm from a 75 Q source impedance. The signal
is then sensed using a circuit which fias a frequency response which matches
that of the attenuators and is compared with a controlled d.c. reference, the
error signal being fed back to a controlled gain amplifier to level the output.
The d.c. reference is controlled either by a D/A converter to give 0.1 dB steps
or a continuously variable potentiometer to give a control range of *1.1 dB.
The levelled signal is fed via the programmable attenuators to the output after
impedance matching.

Microprocessor and memory

4, The microprocessor controls the operation of the instrument by implement—
ing a series of instructions which are stored in the program memory. Typical
operations are:- display level and frequency, read the positions of push-buttons

Chap. 4-2
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and switches, set attenuators or frequency, select matching, communicate with
other instruments via the GPIB etc. (see Fig. 2).

MICRO -
PROCESSOR ol
WORKING OUTRUT [ pam
- — MUTING
R ATTENUATION
OUTPUT ADDRESS | MATCHING
Addrias PORTS [ > OUTRU DISPLAY
e FREQUENCY
PROGRAM
MEMORY INTERFACE e
ROM ROM PUSH BUTTONS
INPUT [T 333; SWITCHES
PORTS * MANUAL TUNING
IR
Instruction,
GPIB
INTERFACE K> GPIB
ccioBsg
Fig. 2  Mieroprocessor operation
5. The instructions which form the program (identity) for the microprocessor

are stored in the program memory in sequence. In order to control the instru-
ment, the microprocessor executes the instructions in turn while keeping count
of where it is (instruction address) using its internal program counter.
However, operations which need to be carried out more than once, e.g. reading
switch positions, illuminating display digits, addition, setting frequency
etc., are generally included in the program as sub-routines. When a JUMP TO
SUBROUTINE instruction is encountered, the address of the next sequential
instruction is stored and the address of the start of the subroutine is placed
in the program counter. At the end of the subroutine, the program jumps back
to the stored address so that operation can recommence from the point where
the jump occurred. A sub—routine may call up a second subroutine to perform
a particular function before returning to the main program. Up to seven sub-
routines may be nested in this way. Results, i.e. switch positions, frequen-—
cies etc., are stored in the working memory (RAM).

Sender control

6. In order to implement the control of the instrument the microprocessor
receives information from the switches, push-buttons, GPIB and detectors, pro-
cesses these, and then sends instructions to the various parts of the instru-
ment, Control lines are minimized by adopting a bus system. One output port,
RAM 1 is used to route the data in either hexadecimal or b.c.d. format. The
destinations for this data (addresses) are designated by four separate 4 line

Chap. 4-2
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output ports thus giving a maximum direct addressing capability of 64 desti-
nations. These ports are allocated as follows:-—

ROM 0 - Front panel

ROM 1 - Frequency synthesizer

ROM 2 - General instrument control
ROM 3 GPIB

Front panel and display

- The front panel controls are connected to the microprocessor using two
output ports i.e. data (RAM 0) and address (ROM 0) and one input port (ROM 0)
as shown by Fig. 3. In operation the data e.g. number, sign or decimal
point, is set on the data bus and directed to the appropriate display module
by the address which has been decoded from the hexadecimal information on the
address bus. At the same time this decoded address activates one set of four
controls so that their position can be sensed by the input port. By changing
the address sequentially, each display character/set of four controls is
accessed in turn. This scanning is carried out sufficiently fast to enable
the front panel to appear to be operating continuously. The meter, however,
is not scanned bur driven conventionally.

ram 1 P57 7T T T 7 7 7 L

MUTING

| 1 of 10

RoM:2 DE CODER

out

CONTROLLER

ATTENUATORS

ROM 0

IMPEDANCE

nj

ARAANINRR RN AR NANNNNN NS \:\

ROM 1

ourt

ROM 3 ROM 0
OUT IN OUT _IN

ALC
MODE

A 4 rd

\/1-\/‘

N N
R \‘\\\\\\\\\\\A&_ &%&\h{\}l\ N

FREQUENCY
SYNTHESIZE

T 77 7 d il rd o o o A AL L il
R T T NNy - PANEL

YIS LSS IS IS LS LS IIA I

REMOTE CONTROL
INTERFACE

1 16

T

GPIB

Fig. 3 Sender control system
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Manual tuning control

8. To provide a manual tuning facility the TUNING knob is connected to a
motor armature so that when turned a voltage is generated which is used to
produce pulses at a rate proportional to the speed of rotation and hence rate
of tuning. These pulses are counted and, at approximately 60 ms intervals,

a number proportional to the count is added to or subtracted from the frequency
information to the local oscillator and the counter is reset. If the tuning
knob is given a spin a window detector senses this condition and the motor is
latched on so that it rotates continuously while the pulse generator produces
pulses at its maximum rate. Under these conditions the sender tunes at a rate
dependent upon the frequency selected.

Local oscillator

General

9. The local oscillator which uses a frequency synthesizer tracks 30 MHz
above the output signal frequency and operates in the range 30 MHz to 50 MHz.
A variable output in this range is produced using dividers in three phase
locked loops. Included in the dividers are presettable variable dividers
dividing by NI and N2 for fine and coarse frequency division respectively.

In order to understand the overall operation of the local oscillator for any
frequency it is helpful to develop its expression from the simple expressions
for the outputs of each of the three phase locked loops. The resulting
expression is introductory to the explanation of the operation of the preset-
table dividers.

Frequency division

10. Consideration of Fig. 4 enables the following expressions for each of
the three phase locked loops to be derived :-

(i) fl = fb + Nlfa
2 _ £1
(11) f2 = fc + NONG

g s _ N2
(iii) £3 = N3 £2

Substituting (i) and (ii) into (iii) the expression becomes :-

; N2 1 NI
(iv) £f3 = N3 fe + NaNG fb + NG fa

where fa = 500 Hz, fb = 10 MHz, fc = 2 MHz, N3 = 200 and N4 = 5.
Substituting the values given results in the final equation :-

(v) £3 = 100,000 + 5N1 + 10,000N2 (Hz)

11. Design considerations determine that coarse frequency divider N2 outputs
must be multiples of 10 kHz so that for a local oscillator operating 30 MHz
above the r.f. input, i.e. 30 to 50 MHz, its division range should be 2000.
And for the remaining frequencies up to 10 kHz the division ratio range for

Chap. 4-2
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Fig. 4 Local oscillator operation - example values
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fine frequency divider NI should also be 2000 to achieve a required resolution
of 5 Hz. Counter range limits are derived below.

Dividers

12. NI division requirement is satisfied by a triple decade divider preceded
by a %2 counter and this is achieved with a 4059 presettable counter. With
the exception of three jam inputs which are hard-wired, the counters are pro-
grammed by b.c.d. presets on the jam inputs. Mode select inputs determine
the modulus (division ratio) of the first and last counting sectioms. The
modulus at any frequency for the counters (both N1 and N2) is found from:-

N = (mode) (1000 x preset 5 + 100 x preset 4 + 10 x preset 3 + 1 x
preset 2) + preset 1.

The NI counters are shown in Fig. 5. Preset 5 on jam inputs 2, 3 and 4 is
hard-wired to b.c.d. 2; the remaining presets are set to their maximum b.c.d.
value of 9. Mode selection (not shown) 1s set to 2. Counter range limits
are therefore:-

Nmax = 2(2000 + 900 + 90 + 9) + 1 = 5999 and

Npin = 2(2000 + 0 + 0 + 0) + 0 = 4000

JAM INPUTS 12 34 56 78 910 1112 13141516
MAX VALUE 5 2 9 9 9
—A— —_—— P, S— P U—
BCD 1010 1001 1001 1001
*2 =10 =10 =10 -8
UNITS 2's 20's 200's 2000°s

TPC3268

Fig. 5 Presettable N1 counter at maximum preset values

13. Division ratios for N2 are determined by those for NI when substituted
in the equation derived previously for £3. Counter range limits are there-
fore 2988 at 30 MHz, to 4988 at 50 MHz.

Example

14. Fig. 6 shows a presettable counter example where dividers NI and N2 are
preset for an r.f. input of 19,236,235 Hz. For the purpose of the example
the local oscillator output frequency may be expressed by :-

f3 = ABCDE-FGH + 30,000 (kHz)

where A to G are b.c.d. 0 to 9, and H is 0 or 1 to signify 0 or 5 (i.e. the
5 Hz resolution of the system).

Chap. 4-2
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1 1 4
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3 2 6
1 ——— —P ey P,
(2)

214

—_— =2 — 10 — F10 P/ F10 — 8 ——

Units 2's 205 200's 2000's

TPCI3?

Fig. 6  Presettable counters - example showing counter
presets for an r.f. of 19,236,235 Hz

Thus ABCD = 1923 and EFGH = 6231.
Then NI =-4000 + 2EFG + H = 5247
and N2 = 2988 + ABCD = 4911,

The N2 division ratio of 4911 forms the divider preset as shown in the figure.
The N1 ratio however, does not, due to the hardwiring. The preset used is
6231 i.e. (2 x 2000) + (6 x 200) + (2 x 20) + (3 x 2) +1, and this value
equates directly to EFGH above. Since £3 = 100,000 + 5N1 +10,000 N2 (Hz)

the local oscillator frequency is correctly set to 49,236,235 Hz.

GPIB and interface

General

15. The GPIB interface boards fitted in this instrument enable the level
oscillator to form part of an automatic measuring system. Such a system is
illustrated in Fig. 7 where the instrument is shown used as part of a selective
level measuring set formed with a selective level meter and with the addition
of a coaxial switch unit. All instruments are interconnected by the general
purpose interface bus and are working under the direction of a controller.

The controller directs the flow of data on the bus mainly by designating which
instruments are to send data and which are to receive data. Data are sent over
the bus by a talker to listeners enabled to receive such data. Since the level
oscillator has a limited control capability it is equipped to act as controller,
talker and listener but when operating with a GPIB controller the sender acts as
a listener as shown in Fig. 7.

General purpose interface bus

16. The bus, which is entirely passive, ,uses 16 signal lines to connect all

units of a system in parallel. These lines are functionally sub-divided into
data, transfer and interface management' buses (see Fig. 7 ).
Chap. 4-2
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Interface management bus : Manages the orderly flow of data across the inter-—
face and consists of 5 wires which carry the following signals:-

Interface clear (IFC) : Sent by the system controller to clear all
interfaces so that they set to an initial condition.

Remote enable (REN) : Sent by the controller to enable instruments
to be placed under remote control.

Attention (ATN) : Sent by the controller to indicate that an address
or command is on the data lines.

End or identify (EOI) : An instrument or controller signal sent to
indicate the end of a message.

Service request (SRQ) : Sent to a controller by an instrument to
indicate that it needs service (e.g. has data to pass).

Transfer bus : Co-ordinates the flow of data and comprises 3 lines which are
used for the handshaking process, by which a talker or controller synchronizes
its readiness to send data with a listener's readiness to receive data. The
handshake signals are:-

Not ready for data (NRFD) : Asserted (low) by a listener when it is
active and not yet ready to receive data. Set high to signal its
readiness to receive data.

Data valid (DAV) : Asserted by a talker to indicate that the data it
has placed on the data bus has settled and may be accepted.

Not data accepted (NDAC) : Asserted by a listener when receiving data.
Set high as confirmation of receipt of data.

Data bus : Comprises 8 data input/output lines DIO 1 to 8 and is used to

transfer the data (commands, addresses and instructions) in bit parallel, byte
serial form.

Bus operation

17. A sequence of messages may be commenced by the controller asserting IFC
on the management bus to set the interface to its initial conditiom. The
controller then asserts ATN and designates which instruments are to be listeners
by sending their listen addresses on the data bus. Similarly, the controller
designates the talker (only one instrument may talk at a time) by sending its
talk address. Upon the controller removing ATN the talker is free to send
data to the listeners by means of the handshake process. The talker concludes
the sequence by carriage return, line feed (some instruments send EOI) and

this tells the controller to resume control. The controller may now switch
the talker and all listeners into the inactive state by sending UNT (untalk)
and UNL (unlisten) on the data bus before selecting the next participants.

Handshake

18. The handshake is used whenever data are transferred on the bus. When a
signal is asserted the function indicated by the line is carried out, e.g.
NRFD is asserted to signify the listener's unreadiness to receive data, and
unasserted or removed when ready to receive data. Briefly, a typical hand-

Chap. 4-2
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shake 1s as follows:-

(1) Talker (or controller) places a byte on the data bus with DAV
initially unasserted to show data are not yet wvalid.

(2) When all listeners are ready to receive data NRFD is removed,
with NDAC at this time asserted.

(3) After a delay to allow data bus to settle, talker asserts DAV
to show data are valid and may be accepted.

(4) Data byte is transferred, then listeners assert NRFD. When
all listeners have accepted the byte NDAC is removed to signify

receipt.

(5) Talker removes DAV, listeners assert NDAC, and bus reverts to
its initial condition ready for next data byte.

Handshake timing diagrams are given under the appropriate board descriptions.

Interface operation

19. The interface takes care of data transfer between the GPIB and the sender
as well as decoding data bus control messages. Block diagram Fig. 8 shows
the overall interface operation. Control messages and addresses are passed
in by means of the handshake process and since ATN is asserted by the con-
troller with these messages they are decoded by the FPLA (field programmable
logic array). Control messages such as, e.g. SPE, SPD used for serial poll,
are decoded by the FPLA and the function carried out. The FPLA also performs
address recognition. Data on DIO lines 1 to 5 are compared for equivalence
with data set on the 5 rear panel address switches. When a possible address
is recognized and providing certain other conditions are satisfied, the data
on DIO lines 6 and 7 are decoded to determine whether the instrument is being

addressed as a talker or a listener. When designated a talker, the interface
transfers its status byte by means of a talk handshake to the controller via
the talk buffer and transceivers. When designated a listener, instruction
= = F— S FROM
| —— TALK _1 < ; J T RAMO
| — — BUFFER _J’ 1___—‘ OUTPUT
1 — <
= ADDRESS
AL SWITCH
| — TRANSCEIVERS
i —<3—1 TALK
— ——<J—]HANDSHAKE MESSAGE ADDRESS
| =t —— H—
DECODER FROM
S _ - LAY CONTROL [~ pORTOUTPUT
TC GPIB LOGIC
b e
LISTEN <3 I
‘ —T>HANDSHAKE ——>———
| —<3— <}
e X —— DATA TO
— <7} [ ROM'3
SR —— LISTEN — > SERT
—— BUFFER —> INPUT
— — [FIFO) =
l — PRI [
Fig. 8 GPIR interface operation
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data is transferred via the transceivers by means of the listen handshake
and stored in a FIFO (first—in, first-out memory).

20. By means of the FIFO, which has a capacity for 64 words, but waiting time
is avoided while the processor reads the messages since instructions may now
be processed asynchronously without slowing down data transfer. Internal
address inputs to the control logic section direct the received instruction
byte out from the FIFO in two 4-bit words onto the internal data bus to the
processor. When the instruction bytes are received by the processor they

are checked for validity and, if an error is detected the SRQ (service request)
message is sent to the remote controller. All instructions consist of iden-—
tifying letters followed by numerals so that there is generally a recognisable
relationship between a function and its identifier, e.g. F = frequency, L =
level etc.

Power supply

21. Provision is made for the instrument to operate from either an a.c. supply
in the ranges 95 to 130 V or 190 to 260 V at between 45 and 65 Hz or from a
battery unit of NiCd cells which allow approximately 4 hours of continuous
operation. However, when operating from the battery, power is not supplied

to the GPIB interface. Regulated d.c. is supplied at #7.5 V and #5 V as well
#12 V for the memory, GPIB interface and battery trickle charge to a maximum
of 400 mA.

RF UNIT

Signal generation and a.l.c.

Signal generation

22. Sender output in the range 100 Hz to 20 MHz is derived from the difference
frequency between a 30 to 50 MHz signal and a 30 MHz signal. During normal
operation the 30 to 50 MHz signal is supplied by local oscillator board ADS8
and fed to mixer board AAl (see Fig. 9). When however, the sender is operat-—
ing synchronously with Selective Level Meter TF 2357, the receiver local
oscillator output applied at the 30 - 50 MHz IN socket is fed to board AAl.
During synchronous operation board AAl disables AD8 by removing its positive
power supply while also supplying a logic signal to the microprocessor in
order to blank the frequency display. After being amplified and limited the
signal is fed to the mixer. The second input to the mixer is derived from
the 10 MHz standard to board AAlIl. This board operates under the control of
a signal from the a.l.c. loop to precisely limit the signal amplitude after
which the 30 MHz third harmonic is picked out and passed to the mixer. The
difference frequency is selected by 20 MHz low-pass filters and passed out
from board AA3 to programmable attenuators.

Automatie level control

23. The r.f. output level to the programmable attenuators is continuously

monitored by a negative peak detector on board AA3. The detected signal is
compared by a differential amplifier with a d.c. reference from a summing
amplifier on board AAl12. When the r.f. odtput level is at an exact dB mul-
tiple, the peak detector output 1s balanced against a reference voltage cor-—
responding to +10 dBm r.f. input. But if the FINE LEVEL control is operated,
or a level change in 0.1 dB steps is selected on the keyboard, or the micro-
Chap. 4-2
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processor selects a level change in 0.01 dB steps the reference voltage changes.
This unbalances the differential amplifier thereby adjusting the level control
signal voltage to the limiter on board AAIIl. Limiter output to the double
balanced mixer on board AAl then adjusts the r.f. output to the required new
level. When the output level is controlled externally, the external levelling
signal replaces the differential amplifier output in supplying the level con-
trol signal. To indicate when the external levelling signal is outside range
limits a window detector on board AA3 causes either the HIGH or LOW EXTERNAL
LEVELLING lamp to illuminate.

Muting

24. When AUTO MUTE ENABLE is selected the output signal is muted during
changes in level or frequency entered on the keyboard. Muting is effected
in two stages : in the first the muting signal from board AA6 causes the level
control signal to reduce board AAll limiter output, and in the second the

30 MHz signal input to the mixer is disconnected. This ensures adequate
attenuation of the output level while greatly reducing the genmeration of un-
wanted frequency components which would otherwise occur if the output were
muted too quickly.

Board AAl - Mixer

Circuit diagram : Chap. 7, Fig. 3
Switeching

25, The 30 to 50 MHz input to the mixer on this board may be either supplied
internally from the local oscillator or applied extermally to the 30 - 50 MHz
IN socket when the instrument is used synchronously with the receiver. For
the latter operation the sender local oscillator output is disabled by elec-
tronic switches on this board. When the internal local oscillator is used,
the 30 to 50 MHz signal from local oscillator output board AD8 is passed in
at contact 32 to diode D1 and amplifier TR4. At the same time power is
supplied for the operation of board AD8 by means of electronic switches TRI,
TR2 and TR3. TR3 is held off in the absence of an external input to forward
bias its base—emitter junction. With TR3 switched off, the base of TR2 is
connected to earth by means of R2, R5 and R4 which causes it to switch on.
This action causes TRl base to be connected to the -7.5 V rail via Rl and
TR2. TR1 conducts and connects the +7.5 V power supply from the positive
rail to board AD8. To inform the microprocessor that the internal oscil-
lator is being used the voltage on TR3 collector is passed out at contact 29.

26. To enable the sender to be used synchronously with the receiver the
tracking generator output from the receiver is connected to the sender's

30 - 50 MHz IN socket and passed in via diode D2. Since the internal local
oscillator output is no longer required, board AD8 is disabled when its
power supply is removed by means of the electronic switches. The connection
of the receiver effectively places 50 { across contacts 36 and 37 and this
forward biases TR3 via the potential divider R6, R7 and RS8. TR3 saturates,
switching off TR2 and disconnecting Rl from the -7.5 V rail so that TRl also
switches off and removes the +7.5 V supply to ADS. When TR3 switches on it
connects the negative rail to contact 29 to indicate to the microprocessor
that an external local oscillator is comnnected. The microprocessor then
blanks the sender frequency display.

Chap. 4-2
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Mixer

27. After amplification by TR4 the local oscillator input is limited by TRS
and TR6 and coupled by transformer T2 to a further stage of amplification.

TR7 and TR8 form a current feedback pair which provides approximately 19 dB

of current gain. Balun T3 and transformer T4 pass the output to drive the
double balanced mixer. The second mixer input is provided by the 30 MHz
input from frequency multiplier board AAll at contact 17. For harmonic sup-
pression the signal is fed to common-base amplifier TR9 whose collector feeds
to the 30 MHz tuned load L1, CI5 and CIl6. Balun T6 and transformer T5 couple
the 30 MHz signal to the mixer. After the mixing process the difference fre-
quency at up to 20 MHz is selected by the 20 MHz low-pass filter for passing
out to board AA2 via contact 6. A high-pass filter provides a matched 50 ©
termination for mixer products above 20 MHz.

Board AAll - Frequency multiplier

Cireuit diagram : Chap. 7, Fig. 3

28. An input from the 10 MHz standard is coupled from contacts 11 and 12 by
transformer Tl and passed to the limiter formed by ICla and b. The amplitude
of the resulting square wave is determined by current mirror IClc and e under
the control of the d.c. input to contact 2. Common-base transistor ICla per-
forms a frequency multiplier function in that its collector is tuned to the
third harmonic of the input signal by LI, C5 and C6 so that 30 MHz is picked
out. This is passed to amplifiers TRl and TR2 which are connected in cascode
to minimise signal feedback. TRl collector is tuned to 30 MHz by L2, C8 and
Cl1 and the amplified signal is coupled to the mixer on board AAl by trans-
former T2.

29. When muting of the signal is required a high input from AA6 to contact 1
switches on ICld which in turn switches off the current mirrors to disable

the limiter. The high muting signal also disables the cascode amplifier by
switching on f.e.t. TR3 which takes TRl base and emitter to the same potential.

Board AAlI2 = Fine level control

Civeuit diagram : Chap. 7, Fig. 3

30. Microprocessor selection logic to contacts 13 to 16 form the data inputs
to D-type latches ICl and IC2 which, with associated ladder networks, perform
the D/A conversion. The resulting analogue signal provides a level reference
voltage which is used for comparison with the r.f. signal level. IC1 pro-
vides adjustment in steps of 0.1 dB while for converting dBm to dB, IC2 addi-
tionally provides level steps of 0.01 dB. The finer steps are necessary for
e.g. converting 10 dBm to the equivalent 0.97 dB. The outputs from these
latches are taken via inverting buffers IC3 and IC4 to the ladder networks
which feed to summing amplifier IC5. Also taken to IC5 are two other inputs.
One input is the +10 dBm reference level supplied from R26 with fine adjustment
(+0.25 dB) by R35, and the other is the fine level control signal from contact
21. The fine level control signal is adjusted by R24 to ensure that the meter
f.s.d. corresponds to *1.1 dB, The output from the summing amplifier is fed
to contact 28 to provide the negative reference voltage to board AA3. D/A
conversion is exponential and for this purpose IC5 output is also taken in a
feedback loop to the inverting input of differential amplifier IC6.  The other,
non-inverting, input is from the fine level control signal. IC6 output pro-—
vides the reference voltage for the two ladder networks as well as the vcc

Chap. 4-2
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input to the inverting buffers whose output levels thus switch between -7.5 V
and the reference voltage.

Digital to analogue conversion

31. When, for example, the latch outputs to the ladder networks are all taken
low, the inverting buffer outputs will all be taken to the reference voltage
level. This feeds pin 2 of the summing amplifier with current from, effec-
tively, a 75 kQ resistor connected to the reference voltage. This is because,
in the case of the 0.1 dB ladder network, resistors R16 and RI17 will be in
parallel with each other and in series with R18, and the resulting 150 kQ
combination will be in parallel with R19 etc. To decrease the output level
by 0.1 dB the input to R17 is taken low. This causes the current from the
ladder network to decrease causing the output from the summing amplifier to

become less negative. Positive feedback through IC6 reduces the reference
voltage to the D/A converter thus giving an exponential change in the level
reference voltage on contact 28, If the inputs to R19, R21 and R23 are

sequentially taken low and restored, the current from the ladder network is
decreased each time by the exponent of twice the previous level causing the
r.f. signal level to change in steps of 0.2 dB, 0.4 dB and 0.8 dB respectively.

Board AA? - Low-pass filter and amplifier

Cireuit diagram : Chap. 7, Fig. 3

32. The 100 Hz to 20 MHz signal from board AAl is passed in at contact 6 to
the 3 stage amplifier formed by TR2 and TR3 with a feedback path to TRI.
Overall amplifier voltage gain is approximately 28 dB. Following the ampli-
fier is a 20 MHz low—-pass filter which feeds to AA3 wvia balun TI.

Board AA3 - Power amplifier and a.l.c. detector

Cireuit diagram : Chap. 7, Fig. 3
Power amplifier

33. The three stage power amplifier comprises TR3 and TR4 in a class A push-
pull configuration driven by TR2, and with TRl in a feedback loop. Overall
amplifier voltage gain is 24 dB with a 1 dB adjustment provided by R42. L3
and Xl serve to reduce spurious signals. Amplifier output is fed to AA7 via
contact 6.

Level control

34, Level control is accomplished by means of a peak detector comprising D3,
R20 and Ci7 which feeds to the inverting input of differential amplifier ICI.
Here the signal is compared with a reference voltage applied from contact 28
to the non-inverting input. The reference voltage supplied from board AAl2Z,
allows up to +1.1 dB of level adjustment either from the front panel FINE
LEVEL control or for steps of 0.1 dB entered on the keyboard or 0.0l dB set
by the microprocessor. Any difference between the detected output and the
reference voltage results in a level error signal from IC! to a.l.c. control

board AA4 via contact 29. Diode D4 is co-located with D3 to provide tempera-
ture compensation and is fed with a constant current via R26. This together
Chap. 4-2
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with s.i.c. load resistor R46 ensures a linear change in output level for a
linear change in reference voltage. During output muting contact 21 is held
at logical 'l1' to ensure saturation of the a.l.c. loop. This prevents a
transient rise to maximum output when the muting is removed. Cl4 to CI16

and R16 to R18 form a compensation network to match the frequency response of
the r.f. attenuators which follow.

ALC range

35. The level in or out of range condition is sensed by the window detector
formed by comparators IC2 and IC3. The output signal is detected by negative
peak detector D3 and the d.c. applied to the non-inverting input of IC2 and
the inverting input of IC3. Reference levels for the comparators are preset
by R31 and R30 which form part of a potential divider chain. Diodes D6 and
D7 provide temperature compensation. Comparator outputs to contacts 13 and
14 are scanned by the microprocessor and those to contacts 7 and 1 control the
operation of the EXT LEVELLING warning lamps. When the output level is with-
in the range +4 dBm to +11.]1 dBm the outputs from the comparators are all low
(see Fig. 10) and when EXT LEVELLING is selected, the microprocessor causes
the green lamp to flash to indicate that the level is within limits.  When
the range limits are exceeded by external levelling either the HIGH or the
LOW warning lamp illuminates and the microprocessor informed. For a high

out of range level, for example, D8 is forward biased to illuminate the HIGH
EXT LEVELLING lamp. Contact 14 is also taken high causing the microprocessor
to extinguish the green in-range lamp and, if under remote control, the con-
troller is informed of the fault condition via the GPIB interface. For a

low out of range level contacts 7 and 13 are taken high to inform the micro-
processor and to illuminate the LOW lamp. With contact 7 directly comnected
to the LOW lamp this also switches on whenever OUTPUT OFF is selected. To
prevent these lamps from flashing whenever AUTO MUTE ENABLE is selected, C23
is used to slow the reaction of the comparators to changes in signal level.

Voltage 4
+7-5V geesemamnnnnsransnnannne Contact 14
H __ Output Signal
+4 TR ¥ Level [dBm)
-7:5V - Contact 13
Level LOW Level HIGH TPALO9L

Fig. 10 ALC range limit signals — AA3
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Board AA4 - ALC control

Cireuit diagram : Chap. 7, Fig. 3
Mode selection

36. This board enables the sender to operate in the four ALC modes, internal
local, external local, internal remote and external remote. Bilateral
switches IC6 and IC7 under the control of latch IC5 are used to variously
interconnect sections of the circuit to provide the different signal paths
which define each mode. For the internal local mode the FINE LEVEL control
may be used to adjust the output signal level. For both local and remote
operation an external levelling signal may be used when selected by the EXT
LEVELLING switch. The settings of the bilateral switches for each a.l.c.
mode are shown in Table 1, and block diagrams of the four a.l.c. modes are
shown in Fig. 11.

TABLE 1  ALC MODE SELECTION

0 i g Board AA4 contacts IC switches closed
perating moae 13 14 15 16 | 6a €b 6c 6d 7a 7b 7¢ 7d
INTERNAL LOCAL, KEYBOARD above 6 kHz L H L b X X X
f i KEYBOARD below 6 kHz L H L H x % X X
i i KEYBOARD + FINE above 6 kHz o L L 1 X X
B i KEYBOARD + FINE below 6 kHz L 2 L H X X X
EXTERNAL LOCAL H L H L X X ¥ X
INTERNAL REMOTE, above 6 kHz L H L i X X
) 1 below 6 kHz L H T, H X
EXTERNAL REMOTE H H L L ¥ %
H=+7.5V; L=-7.5V
Internal local mode
37. This mode is shown in Fig. 11(a). For this a.l.c. mode the level con-

trol signal is formed by the difference between the detected signal input
from AA3 and the sum of +10 dBm reference, the 0.0l dB steps, and either the
0.1 dB steps or the FINE LEVEL control output. When KEYBOARD + FINE is
selected, the d.c. signal from the FINE LEVEL control is taken via IC2 to the
meter for display and in order to linearize the meter reading IC2 amplification
factor changes depending upon the polarity of the input signal. When the
FINE LEVEL control, which is comnected across the supply rails, is set for a
maximum output level a negative voltage is applied to the inverting input of
ICI. IC1 output is further inverted by IC2 causing diode DI to be forward
biased. With DI conducting the feedback path for IC2 is through R5 and the
meter drive current is through R6 in series with R7.  When the FINE LEVEL
control is set to its minimum position D2 is forward biased causing R5 and R6
to form the amplifier feedback path thus increasing IC2 gain and the meter
drive is now through R7 alone.

38. ICIl output is also taken as the fine level control signal to board AAI2
where it is used to change the level of the voltage by +1.1 dB. AA12. output
is taken to the differential amplifier on board AA3 and any difference between
this signal and the detected input results in a level error voltage back to
board AA4 contact 29. This signal is applied to IC3 which, with C2 switched
into circuit, behaves as an integrator. For frequencies below 6 kHz an
additional capacitor, C3 is switched in parallel with C2 to provide a longer

Chap. 4-2
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Fig. 11  Board AA4 a.l.c. mode selection
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integrator time constant. IC3 output forms the level control signal to
board AAll used to adjust the r.f. signal level.

External local

39, In this a.l.c. mode the input from the EXT LEVELLING socket is summed
with the output from the FINE LEVEL control to provide the level control sig-
nal, and the meter is used to monitor the r.f. signal level (see Fig. 11(b)).
When EXT LEVELLING is selected, the input at contact 32 is fed to amplifier

IC4 which provides a voltage gain of 5. This signal is then summed with the
FINE LEVEL control output by IC3, which provides a further voltage gain of 5,
and the result is used as the level control signal. The overall level control
sensitivity is approximately 30 mV/dB in the range +1.1 dB.

40. When the detected r.f. signal level to the differential amplifier on
board AA3 is balanced by the level reference from the summing amplifier on
board AAl2 the meter reading is zero. Any subsequent change in the r.f. sig-
nal level results in a level error voltage being applied to contact 29 and to
high gain amplifier ICl1 feeding to IC2 and the meter. Thus the meter monitors
changes in r.f. signal level and the level reading is the sum of the value dis-
played on the LEVEL window and that shown on the meter. In this mode the

0.01 dB and 0.1 dB steps are disabled.

Internal vemote

41, As shown in Fig. 11(c) the level control signal is provided by the dif-
ference in levels between the detected signal input and the sum of the +10 dBm
reference, the 0.0l dB steps and the 0.1 dB steps. The resulting level error
voltage is integrated by IC3 by C2 being switched into circuit. For frequen-
cies below 6 kHz C3 is switched in parallel with C2 to provide a longer inte-
grator time constant. In this mode the FINE LEVEL control and meter are both
disabled.

External remote

42, TFor this mode, shown in Fig. 11(d) the instrument is under programmable
operation with an external levelling signal applied. This is amplified by
IC4 and IC3 which each provide a voltage gain of 5 and the output used as the
level control signal. In this mode the FINE LEVEL control and meter are both
disabled.

Programmable attenuators

43. Attenuators operating under microprocessor control (see Fig. 12) attenuate
the output signal in 1 dB, 2 dB, 4 dB and 8 dB steps (board AA7), in 16 dB and
20 dB steps (board AA6) and in 32 dB steps (board AA5). Selection of the AA5
32 dB attenuator is by board AA6. This board additionally provides control
signals for signal muting when OUTPUT OFF or AUTO MUTE ENABLE is selected, as
well as providing the return to local (rtl) signal for the GPIB boards.

Chap. 4-2
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AA7 4 AAG 4 AAS 4

200Hz-20MHz___ 8 {/154p 12 32ﬂ6d8 = 5/32 B P2 s 1o A8
from AA3

pP P pP
AAG
ﬂ_.. Bal 32dB control {AA1Q)
FUNCTION 128 o+ ALC mute (AA11)
SELECT 29, MUTE O/P (AA3)
24, rtl (AB8)
OUTPUT OFF
ENABLE TPALO9GA
P

Fig. 12  Programmable attenuators

Board AA7 - Programmable attenuator

Cireuit diagram : Chap. 7, Fig. 4

44, Microprocessor selection logic to contacts 13 to 16 operate quad bi-
lateral switch ICl whose outputs control relay drive transistors TRl to TR8.
These are arranged in complementary pairs so that for either logic level
applied from ICI only one transistor of a pair switches on. This causes
the associated pairs of latching relays to be energized in the desired direc-
tion so that an attenuator is either selected or bypassed. A high, for
example, on pin 3 ICl will reverse bias TR2 while switching on TRl thus con-
necting the relay coils of RLA and RLB to the positive rail. This causes
the signal input from balun Tl to be fed through the 1 dB attenuator. The
following attenuators act in a similar manner to provide 2 dB, 4 dB and 8 dB
of attenuation. Together with the following boards AA6 and AAS5, up to 80 dB
of attenuation is provided (see Table 2).

Board AA6 - Programmable attenuator

Circuit diagram : Chap. 7, Fig. 4

45. The attenuators on this board operate in a similar manner to those
described under board AA7. Microprocessor selection logic to contacts 14 to
16 control relay drive transistors TRl to TR6 via quad bilateral switch ICI.
The complementary pairs of transistors TRI, TR2 and TR3, TR4 operate the 20 dB
and 16 dB attenuators respectively. When it is required to attenuate an un-—
balanced signal by 32 dB TR5 and TR6 supply the relay drive for the attenuator

on board AA5. For a balanced signal however, this attenuation is provided
by AAIOQ. A high from the microprocessor to contact 13 causes ICl to take
contact 21 high for this purpose. Attenuator selection logic is shown in
Table 3.
Chap. 4-2
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TABLE 2  BOARD AA7 ATTENUATOR SELECTION

H 52356-900D

Data lines Transistors switched on Overall attenuation (dB)

13 14 15 16 Jo kB Sy 4 5 67 8 AA7 AA6 & AA7 | AA5, AAB & AA7
i L X X X X 0 16 20 32 48 68
L L L H X X X X 1 17 21 33 49 69
L L H L X X X 2 18 22 34 50 70
L L H H X X X 3 19 23 35 57 71
L H L L X X X 4 24 36 52 72
L H L H| X X X 5 25| 37 53 73
L H H L X X X X 6 26 38 54 74
L H H H X X X X 7 27 39 55 75
H L L L X Bope 8 28 40 56 76
H L L H X X X 9 29 41 57 77
H L H L X X X 10 30 42 58 78
H L H H X X X X 11 31 43 59 79
H H L L X X X X 12 A 60 64 80
H H L H X X X X 13 45 61 65
H H H L X X X 14 46 62 66
H H H H X X X 15 47 63 67

H=+7.5V; L=-7.5V
TABLE 3 BOARD AA6 ATTENUATOR SELECTION
Data lines Transistors switched on Attenuation
18 35 24 16' 2''"8 5 -4 5 & (dB)
L L L L X X X - =015
L L L H X X X 16 — 19
L L H L X X 20 =31
Ht H* L L X 32 - 47
Ht H* L H X X 48 - 63
H+ H* H L X X X 64 — 67
H+ H* H H X X 68 — 80
H=#7:5V; L=~7.5%¥
* For unbalanced outputs only, otherwise 'L'.
tFor a balanced output only, otherwise 'L'.
Chap. 4-2
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Board AA5 - Programmable attenuator

Cireuit diagram : Chap. 7, Fig. 4

46. This board contains the 32 dB attenuator and operating relays. Relay
drive is supplied by TR5 and TR6 on board AA6 (see Table 2).

Impedance matching and output

47. When an unbalanced output is selected on the impedance switch the signal
from the programmable attenuators is matched on board AA8 and then fed either
via board AA9 buffer for 0 Q or directly for 50 @, 60 @ or 75 @, to the OUTPUT
socket (see Fig. 13). When a balanced output is selected the signal is taken
to AA9 buffer amplifier then matched on board AAIO before being fed to the
BALANCED OUTPUT socket. The 32 dB balanced output attenuator on AAIO follows
the buffer amplifier in order to ensure a good signal to noise ratio for low
output levels.

uP wP s
AAS AAB l AAB l
o
32 UNBALANCED ouTPUT
o OUTPUT ATl -
From AAS MATCHING 21 ! olf—————+ Unbalanced 200Hz~20MHz
7
6
AAS 4 AAID 4 AAIQ
1
/ 1 17 BALANCED L
s D : 32dB oUTPUT BALANCED
MATCHING [ LOUTEU
f i T 6kHz - 1-6MHz
TPCLO9E
P AAG P

Fig. 13 Impedance matching and output

Board AA8 — Unbalanced matching

Cireuit diagram : Chap. 7, Fig. &

48. This board performs the unbalanced impedance matching as selected on the
front panel Q switch. Microprocessor selection logic to contacts 13 to 16
provide the data for clocked D-latch ICl which controls relay drive transistors
TRI to TR4. These electronic switches, with diodes D2, D3, D7 and D8, form a
decoder for defining the signal path to select the correct output impedance
match. A high, for example, on pin 11 IC! will switch on TR2 as well as for-
ward biasing D3 and D8 so that relays RLA, RLC and RLD are energized. This
causes the signal input from balun Tl to be led by RLA and RLC through the

50 © unbalanced match formed by Rl4, R15, R16 and RI18, and out to contact I

and the OUTPUT socket by RLD. The impedance matching for the remaining un-
balanced positions of the (@ switch is shown in Table 4. For balanced matching
the board relays are not energized and the signal is led by the relays to con-—
tact 6 and the balanced matching buffer on board AA9.
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TABLE 4  UNBALANCED IMPEDANCE MATCHING

Data lines Relays energiszed Output impedance
13 14 15 16 A B C D FE (and maximum level)
E L E X Unbalanced 0 Q (0 dBV)
L L H L X X X u 50 @ (3 dBm)
L H L L X X X N 60 © (3 dBm)
H L L L X " 75 @ (10 dBm)
s L T i1 Balanced

Board AA9 - Balanced matching buffer

Cireuilt diagram : Chap. 7, Fig. &

49, For a balanced (or a 0 © unbalanced) output the signal from contact 6 is
fed to a potential divider formed by R7, R8, R9, RIO, R30 and RIl. Here a
proportion of the input voltage is selected by electronic switches TRl to TR4
which direct the signal to the buffer amplifier which follows. The different
levels to the amplifier are to adjust the output signal level appropriate to
the impedance selected. The f.e.t. switches are controlled by quad D-type
latch ICI operated by microprocessor selection logic to contacts 13 to 16

(see Table 5). The selected input level is fed to the class AB push-pull
amplifier formed by TR5, TR6, TR7 and TR8. The amplified output to contact 6
is either taken to the OUTPUT socket via board AA8 for a 0 § unbalanced signal,
or sent out to balanced matching board AAIO.

TABLE 6  BALANCED MATCHING BUFFER

i Lo | Daistons sl o | yevoning
H L L X 0 Q
L L L H X 124 @
L L H L X 135 9
L H L L X 150 @

H=+7.5V; L=-7.5V

Board AA10 - Balanced matching

Circuit diagram : Chap. 7, Fig. &

50. Latching relay RLA connects the input signal from contact 17 either
directly to the output matching circuits or to the preceding 32 dB attenuator.
This relay is driven by a complementary pair of transistors TR2 and TR5 which
are controlled by logic from board AA6 to contact 21. When, for example,
this contact is taken high, TR2 switches on and the signal is directed through
the attenuator. Unbalanced to balanced transformer Tl couples the signal to
the output matching resistors. These are selected by logic from the micro-
processor to contacts 13, 15 and 16 which provide the data for D-type latch
IC! controlling the relay drive transistors TRl, TR2 and TR3. When a tran—
sistor is switched on by a high output from ICl, pairs of relays are energized
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as shown in Table 6 and the signal is directed to the BALANCED output socket
via the appropriate matching resistors. Capacitor C9 provides balanced ratio
compensation while Cl10 provides high frequency return loss compensation.

TABLE 6  BALANCED IMPEDANCE MATCHING

Data lines Relays energized Output impedance
18 18 16 B ¢ D E P G (and maximum level)
L L L 0 Q (0 dBV)

L L. H X X 124 @ (10 dBm)

L H L X X 135 @ (10 dBm)

H L L X X 150 © (10 dBm)

CONTROL UNIT

Microprocessor and memory

51. Microprocessor board AB2 comprises, besides the microprocessor, a clock
generator, a RAM bank, a ROM interface and the output ports. Memory board
AB3 primarily contains the ROM bank and the input ports. The microprocessor
controls the operations of the other component parts by implementing a series
of instructions which are stored in memory. Block diagram Fig. 14 shows in
simplified form the operation of the microprocessor and memory boards. The
microprocessor is shown communicating with the program memory (ROM bank) via
the interface by means of a bidirectional 4-line bus. All addresses and
instructions to and from the memories are passed on this 4 parallel wire bus.
The bus is used to access two types of memory; the read only memory (ROM)
contains permanently fixed instructions and data which can only be read out,
whilst the random access memory (RAM) is used as a working memory for the
temporary storage of data which can be both written into or read out from
memory. Unlike the ROM the RAM loses its stored data when the instrument

CM ROM | !

1 | . U
12-BIT _J[ PAGE

ADDRESS DECODER

BI-DIRECTIONAL INTERFACE
4-BIT BUS

= Sl iiL Ilp

| 8BIT -
sv| o K INSTRUCTION PAGE
RAM = 1
] ‘_.4
i
I
i R v
1 N\
RAM ROM BANK

<

<

L e ,
cLoCK l b P.;GE =
- 1
1 N
|

92

— — — —

S NI Eahah el

eIt

Fig. 14 Mieroprocessor and memory
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is switched off. From the ROM interface, three 4-bit groups are latched out
to form a 12-bit address which is sent to access the program memory and results
in an 8-bit instruction being returned as shown. Part of the memory address
is decoded by the page decoder which selects one of the 32 pages of memory
held in the ROM bank. Each new instruction cycle is identified by a synchro-
nizing pulse sent out from the microprocessor on the SYNC line. The clock
generator supplies the necessary two-phase timing for the processor.

Board AB2 - Microprocessor

Cirecuit diagram : Chap. 7, Fig. 12
Clock generator

52. Clock generator ICl provides two clock outputs at the different phases
necessary for the overall timing of the microprocessor, RAMs and memory inter-
face. The output from external crystal XLl is divided by 7 internally by

ICl to provide clock outputs at 740 kHz at phases o1 (pin 14) and 92 (pin 3).
To ensure that the program is restarted when the instrument is switched on, a
reset pulse is generated from pin 13 with a power-on delay period determined
by the time constant of R4 and C7.

Mieroprocessor

53. Microprocessor IC2 controls the overall activities of the microprocessor
and memory boards. In order to synchronize these activities a SYNC pulse is
generated at pin 16 to indicate the start of an instruction cycle. The com-
plete instruction cycle takes 10.8 ps and is divided into 8 equal periods by
the @1 and ®2 clock inputs from IC1 (see Fig. 15). The first three periods
Al, A2, and A3 are used to present a 12 bit (three groups of 4 bits) instruc-
tion address to the memory. Fourth and fifth periods Ml and M2 are used to
read the instruction byte from the memory. The remaining three periods XI,
X2 and X3 are used for program execution. These execution periods may be
used for a memory read or write, an internal processor operation using its
own registers, or an input or output via the ports.

Nyigigigigininint

« Uy yyuuyy

i | : : : ‘.
L ! ' , 2l -
_: I i | 10 0pes : 1 | A

E | | | 1 |

SYNC | ! ! ' ' !

i I ! : | !
f | | | | | | : : :
| oAl A2 | A3 Dmr f M2 ) oxt 0 ox2 X3
| | I | 1 | |
ket BITS 2 | : : | ! ! | |
| | ' |

e ADDRESS oo INSTRUCTION oiq  INSTRUCTION
T0 FROM EXECUTION '
— MEMORY MEMORY
Fig. 15 Microprocessor timing
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54, Pins | to 4 of the microprocessor connect to the bi-directional data bus
which conveys addresses and data to and from the RAMs as well as addresses to
and instructions from the ROMs via memory interface IC3. Outputs from pins
22 and 23 provide the CM ROM signals used for ROM bank selection.

Memory interface

55. The purpose of interface IC3 is to communicate with the ROM banks on
board AB3 containing the program memory and input ports. Address information
sent by the microprocessor during periods Al, A2 and A3 (see Fig. 15) on pins
I to 4 is latched out by IC3 and presented as a 12-bit address to the memory
as the ADDRESS signal on pins 23 to 26 during period Al, pins 27 to 30 during
period A2 and as the CHIP SELECT signal on pins 31 to 34 during period A3.

The 8 bit instruction code returned from the memory is passed to pins 5 to 8
as operator OPR, and pins 9 to 12 as operand OPA. These are then multiplexed
in the interface and transferred to the microprocessor by means of the data
bus to pins 1 to 4 in two 4 bit words during periods Ml and M2.

56. Overall command of the interface and hence of the ROM bank is exercised
by the microprocessor. Pins 18 (IN) and 19 (OUT) control the direction of

data flow to and from front panel, GPIB etc. IN enables data and instructions
to be accepted from ROM board AB3 on the I/0O lines to pins 36 to 39 of the
interface. When OUT is set low it enables binary-to-decimal decoder IC4 to

select one of the latches IC9 to ICl for passing data out from the interface.
Latch selected is determined by the logic on the CHIP SELECT lines.
Random access memories

57. IC5 and IC6 perform two distinet functions. As memories they each store
320 bits arranged in 4 registers of sixteen 4-bit characters plus four special,

status characters (see Fig. 16). The registers are used for temporary storage
and are similar to the pages of the ROMs. The RAMs also provide output ports
via output buffers IC7 and ICS8. IC5 output provides the main data bus for

sending information to various parts of the instrument, e.g. frequency syn-
thesizer, programmable attenuators. IC6 output provides data for the front
panel.

Board AB3 - Memory

Cireuit diagram : Chap. 7, Fig. 12
Read only memories

58. The memory bank comprises ICl, IC3, IC5 and ICS8. These are ultra-violet
erasable, programmable, ROMs each consisting of 8 pages of memory. Each page
may be considered as a matrix of 16 rows each of 16 words with each word com-—
prising 8 bits (see Fig. 16). Total memory capacity of the four IC memory is
therefore 8192 8-bit instructions. Access to the memory is by a 12-bit address
from the interface on board AB2 and comprises three 4-bit groups which are

sent in the timing periods Al, A2 and A3. Period Al is used to define the page,
A2 the row and A3 the word.
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Fig. 16 Memory operation
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Eleven of the twelve address inputs from board AB2 are passed through a

level shifter formed by ICs 11, 12a and 13a and then on the ADDRESS lines to

the ROMs.

Thus all ROMs are addressed simultaneously;

all that remains is

to enable the appropriate ROM in order to select just one of the 2048 instruc-
This is the function of the CM ROM lines to R-S latch

tions in each ROM.

IC4a and the C3 CHIP SELECT line to the binary to 1 of 4 decoder IC2a.

One

of IC2a Q outputs goes low to enable a ROM to place the addressed byte onto

the output lines to board AB3 via buffers IC9.
AB2 and AB3 operation is given in Fig. 17.
interface IC on board AB2 setting the IN line high to the base of electronic

A block diagram showing board
Decoder IC2a is enabled by the

switch TRl which then switches on to set pin 1 low.

60.

processor from quad bilateral switches IC6 and IC7.

Data from the ROM input ports is taken via the interface to the micro-

Operation of the switches

is determined by the settings of the CHIP SELECT lines CO and Cl which control

binary decoder IC2b.
NANDs IC4b to enable all four switches in either IC6 or IC7.

‘ Input ports

A low output from either Q0 or Q3 is inverted in Schmitt

GPIB messages

are received at ROM port 3 and those from the front panel switches and display
are fed in to ROM port O.
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Fig. 17 Microprocessor boards

Board AB4 - Control interface

Cireuit diagram : Chap. 7, Fig. 14
Funetion selection

61. Inputs from ROM 2 to contacts 3 to 6 implement general instrument control
by means of address decoder IC5. IC5 decoded addresses 2 to 9 provide enable
signals for such functions as attenuation and impedance matching (see Fig. 18)
for which the data are supplied by RAM 1. Decoder address ! provides the
enable signal for 8-bit addressable latch IC4 whose outputs supply control
signals for such purposes as stopping the tuning motor or providing the SYNC
output. To select the required operation, decoder address 1 is taken high

to switch on IC6d which sets write enable pin 4 of IC4 low to allow the input
of new data from RAM O.

Test signals

62. Decoder address O enables the operation of address latch IC2 whose RAM 0
data inputs control multiplexer IC3. This IC selects 1 of 8 test inputs for
passing to the microprocessor test input via contact 24. One of the multi-
plexer inputs is from 16 Hz timer ICl. This signal determines the rate at
which the display flashes for an out of range condition or an invalid data
entry. Timer output is also used by the microprocessor for the time delay
in seconds between the steps of a sequence mode operation. To indicate when
the GPIB boards are fitted, board ABl6 links the negative rail to contact 8
and this signal is passed out to the microprocessor when the base of IC6c is
taken high by latch IC4.
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Fig. 18 Control interface

POWER SUPPLY UNIT

63. The a.c. supply is fed from the supply connector and filter and then via
the SUPPLY selector and a.c. fuse to the 115/230 V voltage selector and the
primary of the mains transformer. The two halves of the primary of the
transformer are connected in series for 230 V and in parallel for 115 V
according to the position of the SUPPLY VOLTAGE selector. There are two
secondary windings. One secondary and bridge rectifier feeds to the GPIB
interface while the other provides power for both battery charging and
instrument operation.

64. With the SUPPLY selector set to v for a.c. operation both secondary
windings of the mains transformer supply power (see Fig. 19). Instrument
power is supplied from two full-wave rectifiers, to 12 V regulators on
board AB12 feeding to 5 V regulators on board ABI5 and 7.5 V regulators on
boards ABI. 12 V regulated outputs also fedd to the memory (+12 V) and
GPIB interface (-12 V) boards. This secondary also supplies a trickle
charge for the battery during a.c. operation to a maximum of 40 mA. The
other secondary and bridge rectifier feeds to the +5 V regulator on board
AB15 which supplies power to the GPIB interface board.

65. When the SUPPLY selector is set to CHARGE, the CHARGE lamp lights and
the output from the secondary normally supplying instrument power is fed to
the battery via the charge control circuit on board ABI1 (see Fig. 20).
Maximum charge is 400 mA.

66. TFor battery operation the SUPPLY selector is set to BATT and the output
provides power for normal instrument operation except that power is not
supplied to the GPIB interface board (see Fig. 21).
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Board ABIl - Rectifier and charger

Circutt diagram : Chap. 7, Fig. 11

67. The purpose of this board is to provide either full or trickle charge for
the rechargeable battery available as an optional accessory. Full and trickle
charge rates are set when the SUPPLY selector is in the CHARGE or ~ positions
respectively. The supply to the board from the mains transformer is passed
in at contacts | and 2 to the full-wave rectifier formed by diodes DI to D4

and the resulting charging d.c. smoothed by external capacitors. Rate of
charge for the battery is determined by the charge control circuit which
follows.

68. With TR3 base held at a fixed voltage by Zener diode D5, Darlington pair
TR3 and TR4 provide the constant current source which provides the battery
charge via the negative rail and either R6 or R7. For full charge, contact 7
is connected by switch section SAIR to contact 17 so that the current path is
via 10 Q resistor R6. Voltage drop across R6 forward biases TR2 which switches
on to cause the charge lamp to light. For trickle charge SAIR connects con-
tact 7 to contact 10 so that the current path is switched through 100 @ resis-
tor R7 to reduce the current to one tenth of its full charge value (400 mA).
The battery voltage at contact 3 is monitored by potential divider R4 and R5
and current switching transistor TRl1. TFor a fault condition causing contact 3
voltage to rise (e.g. due to faulty battery cells) TRl conducts causing TR3
and TR4 to switch off to prevent charging taking place. Diode D6 protects
against accidental battery connection reversal.

Board ABI5 — Rectifier and regulator

Circuit diagram : Chap. 7, Fig. 11

69. A separate transformer secondary, bridge rectifier and regulator are

used to provide the +5 V output from this board at 600 mA required for the
optional GPIB interface. The a.c. input from the mains transformer is passed
to the full-wave bridge rectifier comprising diodes DI to D4. Smoothing is
provided by an external capacitor connected across contacts 3 and 4. Rl is
the capacitor bleed resistor. With the SUPPLY selector in the v (a.c.) posi-
tion the smoothed d.c. at contact 7 is passed to the +5 V regulator ICl at
contact 8 by switch section SAIF. Capacitors Cl and C2 across the input

and output of ICl respectively serve to prevent h.f. oscillation.

70. To supply 5 V power for normal instrument operation +5 V and =5 V regu-
lators IC2 and IC3 are used respectively. Inputs to the regulators at con-—
tacts 10 and 11 are from 12 V regulators on board ABI2. HF oscillation is
prevented by C3 to C6

Board ABl12 - Pre-regulator

Cireuit diagram : Chap. 7, Fig. 11

71. The %12 V pre-regulators provide a #12 V regulated output to memory
board AB3 as well as a 12 V pre-regulated output to the 7.5 V and 45 V
regulators on boards ABl1 and ABI5 respectively, IC! and IC2 are the voltage
regulators which are mounted externally and have their h.f. oscillation sup-
pression capacitors Cl to C4 mounted on the board.
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Board ABl - £7.5 voltage regulator

Cireuit diagram : Chap. 7, Fig. 11
Positive regulator

72. 1In the +7.5 V regulator, TR6 and TR7 provide a constant current source
for the low temperature coefficient Zemer diode DI. Dl thus provides a very
stable reference of 5.6 V to the inverting input of differential amplifier
ICl. The non—inverting input to IC2 is supplied by the output voltage
sensing circuit formed by potential divider R7, R8 and R9. ICl output
supplies the base drive for the high current gain combination TR2 with power
transistor TR1 which together form a series pass amplifier. Protection is
provided by TR3.

Negative regulator

73. The -7.5 V regulator is similar to the +7.5 V regulator and comprises
differential amplifier IC2 and series pass amplifier TR9 and TR10. 1In this
regulator the inverting input to IC2 is commected to earth which supplies the
reference voltage. Since the non-inverting input of ICl is connected to the
mid-point of potential divider RI9 and R20 across the two output rails, the
negative regulator is caused to track the positive regulator.

Regulator operation

74. Any decrease in output voltage, for example from the positive regulator,
is detected by the potential divider which decreases the voltage applied to
the non-inverting input of differential amplifier ICl. This decreases ICI
output voltage which thus increases the potential difference between ICl pin 6
and the positive rail. This causes TR2 base drive to rise so increasing its
collector current. Since TR2 collector defines the base current for power
amplifier TRI the current through the output load is increased which raises
the output voltage to its former value.

Protection

75. Protection against short circuit or a faulty battery condition is pro-

vided. Under such fault conditions both 7.5 V output voltages are reduced
immediately. In the case of the positive rail being shorted to earth ICI
non-inverting input is taken low which drives TR2 and TR3 hard on. This

current, which is limited by R3 and R5 causes the +12 V pre-regulator ICIl to
cut off which in turn shuts down the ABl positive regulator. Since the
negative regulator tracks the positive regulator, this will also switch off.
A negative voltage is applied to the non—inverting input to IC2 whose output
reduces the potential difference across potential divider R14, RI5 and RI6 so
that TR9 base is no longer foward biased. With TR9 off, the base of TRIO is
taken to earth via R22 causing the transistor to switch off.

76. When the -7.5 V rail is shorted to earth, IC2 non-inverting input sets
the output high and TR9 and TRIO are driven hard on. The high current from
the —12 V pre-regulator IC2 causes the IC to cut—off which in turn disables
the ABl negative regulator. Shorting the -7.5 V rail also shuts down the
positive regulator and this is the function of electronic switch TR3. The
short circuit connects potential divider R19 and R20 across the positive rail
and earth so that TR3 is forward biased and it switches on. This shorts out
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the reference voltage across Dl causing the positive output voltage to collapse.

DISPLAY UNIT

Summary

77. The display unit is shown in block diagram form in Fig. 22.  The unit
has at its heart a multiplexer on board AB9 by means of which the ADDRESS
INPUT selects data either to be passed to the microprocessor to show e.g. a
switch has been operated, or to cause a display or panel l.e.d. to illuminate.
The associated manual tuning operation is shown in block diagram Fig. 23.

The manual TUNING control generates signals to signify direction and rate of
tuning.

ABS ABS
MANUAL PANEL
TUNE ‘—I ™ SWITCHES

ABS

ADDRESS ABS |
INPUT
ADDRESS MUx KEYBOARD » DATA
INPUT
AB 9 AB S AE1,2 AB10
& et DISPLAY
™ e LAMPS
ADDRESS

AB 9

SEGMENT
DATA »
INPUT DECODER (ST

Fig. 22  Display unit

Display operation

78. TFlow diagram Fig. 24 shows the operation of the system. At the com-
mencement of a cycle address 00000001 is sent by the microprocessor which
selects RAM O and register 0 and automatically selects RAM O output port and
ROM 0 input and output ports. The contents of line 1, describing the first
character to be displayed, is sent from RAM 0 output port. Data is sent
from ROM O output port as the address for the first display module. Thus
the character described in line 1 of register 0 of RAM 0 is displayed on
module 1. The data on the ROM O output bus is then returned to zero in
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in preparation for receiving the next address. The microprocessor then
increments the address to 00000010 and the display is not addressed again
until the end of a sequence which is about 2.5 milliseconds. During this
period the processor system is free to perform its other functions such as
reading the keyboard. At the end of the sequence the process is repeated
until all modules have been addressed when the address is reset to 00000001
and the cycle restarts.

Keyboard operation

79. The front panel control reading routine takes place within the display
scan period and uses much the same hardware and software. This is because
the instruction which addresses RAM O and ROM O outputs is used to address
ROM 0 input. Thus when display module 1 is addressed, column 1 of the key-
board is also addressed. The processor then checks at ROM 0 input to see

if any of the lines has gone to logical '1'. If this has happened, the input
is checked for validity, e.g. whether two 'l's are present, and then decoded
to give its effective meaning before it is operated upon. Since“contact
bounce normally decays within ] or 2 milliseconds it cannot be interpreted as
repeated operations of the same key as the key will not be accessed again until
a complete display scan has taken place, i.e. approximately 30 milliseconds.

80. The majority of the keys make momentary contact and can be serviced as
described above. However, where the switches are 'permanently' closed, e.g.
impedance and external levelling selectors, the readings on successive scans
are compared and action is only taken when a change is observed.
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Board AB13 - Motor control

Civeuit diagram : Chap. 7, Fig. 13
Sensging circuits

81. When the tuning knob is rotated a voltage, the polarity of which is
determined by the direction of rotation, is generated and applied to the
input of the integrator formed by IC3 and Cl. When the output from the
integrator exceeds the threshold voltage at the input of either of the com-
parators IC4 or IC5, the monostable formed by IC6c and IC6d is triggered
producing a pulse which is fed via ICbe to output contact 10 and then to the
gate of f.e.t. TR4 thus discharging Cl. At the same time the output of the
relevant comparator triggers the R-S bistable formed by IC6a and IC6b to give
an UP/DOWN indication at contact 9. Continuous rotation thus results in a
train of pulses whose rate is proportional to the speed of rotation, at con-
tact 10, and direction information at contact 9. Overall operation is shown
in Fig. 25.

»Up

—————— - Down

—
Tuning M
motor @ N T —:3 —— Reset

— Motor stop TPB18se

G =
l ] | COUNTER | — - = Count total

Fig. 25 Manual tuning system

Electronic flywheel

82. When the manual tuning knob is spun quickly tuning continues automatically
because of the electronic flywheel action of the circuit. A clockwise spin
results in a positive voltage being generated by the motor. If this voltage
exceeds the threshold of comparator ICl, TRl is switched on which connects the
motor via Zener diode DI and the resistor Rl to the positive rail thus latching
the motor on so that it runs continuously. Similarly, giving the tuning knob
an anti-clockwise spin will switch on TR2 connecting the motor via Zener diode
D2 and resistor R2 to the negative rail. At the end of the tuning range or
when a data key is pressed, motor stop relay RLA short circuits the motor to
stop the tuning. Eddy current braking also stops the motor from continuing

to spin.

Chap. 4-2
May 80 Page 39




H 52356-900D

Board AB9 - Keyboard
: Chap. 7, Fig. 13

Circuit diagram
Summary

83. Front panel switch or keyboard operation is converted by the circuits on
this board into uniquely identified signals to the microprocessor. The micro-
processor responds by performing the function and/or illuminating the display.
For the latter purpose, microprocessor ADDRESS INPUT lines to the board are
decoded to determine which l.e.d. on display board ABIO is to be illuminated,
while the DATA INPUT lines determine the character to be displayed. Board

AB9 also translates manual tuning inputs from motor control board ABI3 into
rate and direction of tuning signals for passing to the microprocessor.

Overall operation of the board is shown in Fig. 26 while the functions the
decoder performs are summarized in Table 7.

RAM O DATA BCD/ 7
LATCH [ SEGMENT
L2 ) D DECODER J_ _______ 1
[r I T 2 . | DISPLAY
________ MODULES
ADDRESS | | MONO " e M
DETECTOR[| STABLE "+ A4 ¥
AGORESS ADORESS k== % /] /]
LKH}I> Fis / // //
’ DECODER 3 ————— L]
iy J / BUFFER [ ROM ¢
—:—L‘% ————— j / / 1PRIESS
KEYBOARD SWITCHES
v
Fig. 26 Keyboard and display operation
TABLE 7  DECODER FUNCTION SUMMARY
Decoder
address Funetions
1~ 7 Read keyboard. Enable frequency display.
8 - 11 Enable level display.
8 Enable EXT LEVELLING indicators. Unbalanced output selected.
9 Enable ENTER lamp. Balanced output selected.
10 Read OUTPUT OFF/SEND, manual tune direction and 5 Hz increments.
11 Read 10 Hz increments.
12 Read 100 Hz increments.
14 Reset.
Chap. 4-2
Page 40 May 80




H 52356-900D

Display operation

84, Selection of a particular l.e.d. to be illuminated is achieved by micro-
processor signals on ADDRESS INPUT lines 4 to 7 which form the data inputs to
D-type latch IC5. A high on any of these lines is detected by diodes D30 to
D33 which form a 4-input OR gate, and the positive—going edge of the detected
signal is used to trigger monostable IC4. The resulting negative pulse
clocks IC5 transferring the data to the decoder formed by ICs 6 and 7. The
multiplexed outputs form addresses which activate the functions shown in
Table 7. Thus for high outputs on IC5 QI and Q3 address 10 is selected by
I¢y. Address 10 performs multiple functions; the signal to diodes D12 and
D13 enables manual tuning to be detected by the microprocessor, while the
output to D27 selects a display l.e.d. for illumination and passes the state
of the OUTPUT OFF/SEND switch out to the microprocessor.

85. Selection of the character to be displayed is achieved by microprocessor
signals on DATA INPUT lines 21 to 24 and passed to b.c.d. to 7 segment decoder
IC1 and exclusive—OR gates IC2. IC] converts the b.c.d. inputs to outputs to
drivers on board ABl0 which select the segments for illumination to produce
the displayed character. The purpose of IC2 and IC3 is to provide selection
of decimal point and negative sign. For this purpose, IC2 gating performs
the character recognition function such that only when all gate outputs are
high will a logical '"1' be passed to latch IC3. The high on pin 13 IC3 is
clocked by the negative—going pulse from monostable IC4 to pin 8 IC3 and this
sets output pin 3 high (see Table 8). This output is taken to a drive tran-
sistor on board ABIO which causes a decimal point or a negative sign to be
displayed when selected by decoders IC6 and IC7.

Manual tuning logie

86. There are two inputs from motor control board ABI13. These inputs are
logic signals to input line 2 which provide the direction of tuning indication
and a pulse train at input line 3 indicating the amount by which the frequency
is to be incremented or decremented. These two inputs enable the pulses to be
counted and then added to, or subtracted from, the current frequency. The
displayed frequency is then seen to alter as the manual TUNING knob is turned.

TABLE 8 AB9 LATCH TRUTH TABLE

TE8
Inputs Output
Pin 8 Pin 13 Pin 6 Pin 1 Pin 3
H L L L
H H L L L
L H H L H
L L L H L

H=+7.5V; L =-7.5V
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Tuning indication

87. When the instrument is tuned manually, the tuning pulses clock IClla
whose Q output is connected to its D input so that it divides by 2. The Q
output of IClla is connected to the clock input of the D-type bistable ICllb
so that when manual tuning is taking place, its Q output SENSE TUNING is set
high. This information is accessed on line 3 (contact 11) when the gate
formed by D14, TR3 and D20 is enabled at address 9. At the end of the front
panel scan, i.e. address 14, the Q outputs of ICs lla and Ilb are reset low.

Tuning direction

88. Direction information UP/DOWN from the motor control circuit is accessed
on line 2 (contact 14) when the gate formed by DI2, TRl and D19 is enabled at
address 10. The microprocessor uses this information to determine whether
to increment or decrement the frequency of the synthesizer.

Frequency incrementing

89. The output of IClla is also used as the least significant bit of count
and is taken via the gate formed by D13, TR2 and DI5 to line O (contact 16)
at address 10. If it is a high this signal causes the microprocessor to
increment or decrement the frequency synthesizer by 5 Hz.

90. The Q output of IClla representing 10 Hz frequency increments is used to
clock a two decade counter consisting of IC13, least significant decade, and
IC12, most significant decade. By connecting the CARRY output of ICI2 via
exclusive-OR gate IC2c (wired to act as an inverter) to the clock enable input
of IC13, the maximum count is limited to 90. Thus the maximum frequency count
is limited to 905 Hz. The count data is accessed by means of bilateral
switches IC16 and ICl4 at addresses 11 and 12 respectively. This information
is read by the microprocessor which then increments or decrements the frequency
synthesizer accordingly. As with the tuning indication, the counter is reset
at address 14.

Keyboard and switch operation

91. When a key is pressed it connects one of the microprocessor input lines

to a diode which is connected to one of the output lines from the address de-
coder. As the address line is normally at '0' the diode is reverse biased

so that the input line is unaffected. When that diode is addressed, the
address line goes high, forward biasing the diode and connecting a logical 'l'
to the appropriate microprocessor input line. The information is read by the
microprocessor which can then identify which key has been pressed and take
suitable action. For example, pressing key 3 will be interpreted as the b.c.d.
number 0011 which will be stored in RAM and also sent to the b.c.d./7-segment
decoder to display the figure 3.

92. TFor switches which are latched, individual diodes are used to isolate
them from the input data lines when they are not addressed. Similarly the
multi-position impedance selector is isolated by means of D17 and DIS8.
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Board ABIO - Display

Cireuit diagram : Chap. 7, Fig. 13
Frequency display

93. The seven frequency display l.e.d's D5 to DIl are sequentially selected
for illumination by addresses 1 to 7 from board AR9. All have 7 cathode
segments except for the display l.e.d. selected by address 7 which has only
three. This is because it need only display the figure 1 for a frequency
between 10 MHz and 19 MHz and the minus sign for a frequency decrement.
Selection of the l.e.d. for illumination is by a high address input from the
multiplexed decoder output from board AB9 to one of the bases of electronic
switches TR13 to TRI9, while cathode segment selection is by drivers TRI1 to
TR7. The floating decimal point is selected by addresses | to 16 and the
negative sign by address 7 with the cathode driven by TRS8.

Level display

94, Level is displayed on l.e.d's DI to D4 which are sequentially illuminated
by addresses 8 to 11. Address 11 selects the three-segment l.e.d. which
displays the negative sign and the figure 1 for a minimum level reading.

LED illumination selection is by drivers TR9 to TR12. Driver TR8 performs

a multiple role. Besides that of illuminating the figure 1, it also illumi-
nates the ENTER l.e.d. for address 9 and the EXT LEVELLING l.e.d.s on board

AE] for address 8. For the level display the decimal point position is fixed.

-

Board AEl - Lamps

Cirveuit diagram : Chap. 7, Fig. 13

95. This small board contains a switching transistor and the three EXT
LEVELLING l.e.d.s which illuminate to show when the level is in or out of
range. Logic to activate electronic switch TRl is supplied from display
board ABIO. When the level is within range, l.e.d. D3 illuminates. When
the level is out of range either D4 or D5 illuminates by being switched into
circuit and in parallel across l.e.d. D3 and diodes Dl and D2. This action
reduces the voltage applied to D3 which then extinguishes.

Board AE2 — Remote lamp

Cireuit diagram : Chap. 7, Fig. 13

96. The REMOTE lamp on this board illuminates when the instrument is operating
under remote control. A high input applied to the base of electronic switch
TR1 switches it on which connects the positive rail to the anode of l.e.d. DI
causing it to illuminate.
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LOCAL OSCILLATOR UNIT

Crystal oscillator

97. A temperature compensated crystal oscillator provides the internal 10 MHz
standard on local oscillator board ADI. This standard may be automatically
disabled by the connection of an external standard, e.g. from the receiver for
synchronous operation, to the 10 MHz STD - EXT IN socket. An output at 10 MHz
is provided for the frequency tripler on board AAll, while for internal use a
10 MHz output provides the reference for the first p.l.l. mixer on board AD3.
The 10 MHz signal is then divided by 5 and the resulting 2 MHz is taken to the
second p.l.1l. mixer on board AD5S. Further division by 10 results in a 200 kHz
output and this is fed to the first p.l.l. phase detector on board AD2.

Fig. 27 shows the circuit block diagram.

AD!
10 MHz
5 1 200 kHz
to AATI g
10 MHz STD iy — 10 10 AD2
EXT_IN ADI 37 AD1 ADI AD1
2
T
/ = 5
ans ]
ADI
e, 10MHz TO AD3 L. 5 _odne
G LV
10 MHz P8 <108

Fig. 27 Crystal oscillator circuits

Board AD! - Crystal oscillator

Cireuit diagram : Chap. 7, Fig. 6
Standard selection

98. Switching is performed automatically to enable the instrument to operate
from either the internal or an external 10 Mz frequency standard. This is
achieved by electronic switches TRl and TR2 with diodes D1 and D2.  With no
external standard connected, TR1 connects the negative power supply to the
crystal oscillator to enable it to operate, while DI comnects the output to
amplifier TR3. When an external standard is connected to the 10 MHz STD -

EXT IN socket a d.c. path is formed between contact 37 and earth. This
switches TR2 on switching TR1, and hence the crystal oscillator, off. At the
same time the junction of R5 and R20 is taken negative reverse biasing DI and
ensuring that D2 is forward biased providing a path for the external oscillator

signal to the base of TR3.
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Limiters

99. From amplifier TR3 the oscillator output is passed to emitter follower
TR4. TR4 with grounded-base amplifiers TR5, TR6 and TR7 form limiters which
provide three buffered outputs. Outputs to transformers T2 and T3 respec-—
tively couple the 10 MHz square wave to frequency tripler board AAll, and to
interpolation variable divider board AD3. A third output, from TR5, is taken
to ICl which divides by 5 to produce an output of 2 MHz. This output takes
two paths. From IC] pin 8 one path is to D5 and TR8. D5 is used to shift
the bias level to ensure the correct operation of grounded-base amplifiers TR9
and TR10 which each form limiters in conjunction with TR8. Output from TRIO
is taken via contact 6 to phase detector board ADS.

Decade divider

100. The output of ICl at the t.t.l. logic levels (necessary to achieve the
high operating frequency) is converted to the c.m.o.s. logic levels for decade
divider IC2 by the action of electronic switch TRI1. When the output of ICI
goes positive, TRI1 switches on taking the input of IC2 to approximately -7 V.
The negative excursion is clamped at -0.7 V relative to the emitter of TRIl by
D4 so that TRII! switches off taking the input of IC2 to the positive rail.

The resulting 200 kHz is fed to board AD2 via contact 1.

First phase locked loop

101. The first phase locked loop is formed by boards AD2, AD3 and AD4 (see
block diagram, Fig. 28). The 200 kHz input from ADI! is divided by 400 to
provide a 500 Hz reference to the phase detector. Phase comparison is
achieved by sampling a ramp generated by an integrator and the 500 Hz reference
frequency at a rate determined by the output from the programmable divider on
board AD3. The resultant d.c. is added to the coarse tuning voltage and fed
to the v.c.o. on board AD4 to tune it over the frequency range from 12 to
12.9995 MHz. The coarse tuning voltage is derived by a digital to analogue
converter from the most significant digit information to the programmable
divider. In the context of overall operation, an r.f. increment of 5 Hz
causes the v.c.o. to increment by 500 Hz. The v.c.o. range thus represents
an r.f. excursion of 10 kHz to a resolution of 5 Hz. At, for example 1 MHz,
oscillator operating frequency is 12 MHz, at 1.001 MHz it is 12.1 MHz and at
1.01 MHz it is again 12 MHz.

102, VCO output is mixed on board AD3 with 10 MHz from the freugqncy standard
and the resulting 2 to 3 MHz signal is fed to the programmable divider. The
fine frequency divider output at 500 Hz is us4d to control the operation of

the sample and hold circuit forming part of the phase detector on board AD2.

VCO output is also fed via a divide by 5 counter to the programmable dividers
on AD4 providing coarse frequency division. For the coarse frequency multiples
of 10 kHz, v.c.o. output is fixed at 12 MHz and only the division ratio changes.
For every 10 kHz increment the modulus is incremented by 1.
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Board AD2 - Interpolation phase detector

Cirveuit diagram : Chap. 7, Fig. 7
Dividers

103. The 200 kHz square wave input at contact 6 derived from the 10 MHz stan-
dard is divided by 2 by ICla. This IC toggles because its J and K inputs are
both connected to the positive rail. The resulting 100 kHz output is further
divided by two by IClb and the 50 kHz output is fed to the clock input of
decade divider IC2. The CARRY output is fed to a second decade divider IC3.
The resulting 500 Hz signal with a mark to space ratio of 1:9 is then used to
control the ramp generator circuit based on IC4.

Ramp generator

104. The ramp generator forms part of the phase detector and comprises opera-—
tional amplifier IC4 with switches TR3 and TR4. IC4, in conjunction with C8,
forms an integrator. Under initial conditions with C8 discharged, the vol-
tage at the output of the integrator is -5 V, both TR3 and TR4 are switched
off and D4 prevents the bias reaching the base of TR4. By integrator action
the voltage across C8 rises so that a ramp appears at the output of IC4. TR3
and hence TR4 are switched on for 0.2 ms every 2 ms by the 500 Hz output from
IC3. When this happens, C8 is discharged through TR4 and the voltage at the
output of IC4 is reset to =5 V.

Sample and hold eireuit

105. The sample and hold circuit performs two functions, phase detector and
loop filter. Phase detection is achieved by sampling the output from the
ramp generator using pulses derived via the programmable N1 counter on board
AD3. The sampled voltage is then shared between the two hold capacitors Cll
and C13. The effective time constant of the filter is fixed by the ratio
between the two capacitors and the sampling rate. The 500 Hz signal derived
from the programmable counter is fed via contact 1 to emitter follower TR8.
Three successive positive-going pulses are generated at the collectors of
TR7, TR6 and TR5 with time constants controlled by Cl4, R25 (0512 mg), €12,
R22 (0.06 ms) and CI10, R19 (0.12 ms). The first pulse from TR7 is fed to
bilateral switch IC5a to sample the ramp from IC4 output, storing the voltage
on Cl1, The second pulse from TR6 acts as a delay and the third pulse from
TR5 is used to share the charge between Cll and CI3. Ramp and sample wave-
forms are shown in Fig. 29. FET source follower TR9 passes the resulting
voltage to contact 37 and the summing amplifier on AD3.
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Fig. 29
Ramp generator waveforms

_Board AD3 - Interpolation variable divider

Cireuit diagram : Chap. 7, Fig. 7
Mixer

106. The input at contact 21 from the board AD4 v.c.o. at between 12 MHz and
12.9995 MHz is coupled to mixer IC3 by transformer T2. The second input to
the mixer is from tuned amplifier TR1 whose input at contact 17 is provided

by the 10 MHz frequency standard. The 2 to 3 MHz difference frequency result-
ing from the mixing process is selected by a 4 MHz low-pass filter after
amplification by TR2. Triple NOR gate IC5 which follows functions as an
amplifier with its bias point set by R22, Amplifier output at *7.5 V provides
the drive for the c.m.o.s. programmable divider IC4.

Variable ratio divider

107. IC4 is a divide by N (where N has a value between 4000 and 5999) pro-
grammable divider which provides the fine frequency (5 Hz) control of the
v.c.0. on board AD4. Frequency division is described in detail under Circuit
Summary at the beginning of this chapter. With the exception of J2, J3 and
J4 which are hard-wired, the divider is programmed by b.c.d. presets on the
jam inputs. BCD inputs from synthesizer latch board ADIO represent 10s of

Hz on contacts B8 to Bll, 100s of Hz on contacts Bl2 to BI5 and 1000s of Hz on
contacts Bl16 to BI19. The high or low applied to contact B4 represents 5 Hz
or 0 Hz respectively. The microprocessor sets the modulus via board ADIO so
that for a 2 to 3 MHz input at pin 1 IC4 the output at pin 23 is at 500 Hz.
Thus for a 2 MHz input to the divider the modulus is set to 4000 to produce

a 500 Hz output.

108. Contacts B16 to B19 which carry the most significant digits of the divider
setting also provide the source for the coarse frequency control of the v.c.o.
on AD4., The b.c.d. data is passed to the inputs of quad latch ICl which is
enabled each time the 500 Hz output from IC4 goes positive. The inverting
outputs are connected via binary weighted resistors to the inverting input

(summing junction) of the adding amplifier IC2. Thus a 'O' sends current into
the summing junction and a 'l' bleeds current from it. The total current
into the junction depends on the b.c.d. number preset at the input. The '0'
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level of the current is set by R27, the gain of the summing-amplifier is set
by R26 and the proportion of error voltage from the phase detector (contact 32)
by R25. As the coarse tuning voltage provided by the D/A converter is linear
and the actual tuning law of the v.c.o. is curved, these three controls are

set to provide the best compromise between settling time and loop stability.

D/A converter and adding amplifier

109. When the oscillator frequency is to be increased, the division ratio of
IC4 is increased so that the output frequency from the variable divider de-—
creases. However, as the most significant bit of the required frequency

(kHz bit) is fed to the D/A converter, the control voltage to the v.c.o. is
increased, increasing the frequency of oscillation of the v.c.o. and hence the
output from the frequency divider. Thus coarse frequency tuning steps set

the frequency of the v.c.o. near its correct value and help reduce the settling
time for the p.l.1. Final tuning adjustment is made by the error voltage
derived from the phase detector.

Board AD4 - Interpolation oscillator

Cireuit diagram : Chap. 7, Fig. 7
Oseillator

110. The d.c. input signal from interpolation phase detector board AD3 is
applied from contact 37 to varactor diode DI. Fig. 30 shows a graph of vol-
tage against frequency. DI controls the frequency of the voltage controlled
oscillator comprising f.e.t. TR1, tapped coil Tl and capacitors C2 and CIO.
Oscillation amplitude is set by D2 and D5. From the oscillator the signal in
the range 12 to 13 MHz is taken via emitter follower TRZ to TR3 and TR4.

Both these transistors are grounded base buffer amplifiers which both form
limiters in conjunction with TR2 to provide two signal outputs. One square
wave output is taken via coupling transformer T2 and contact 21 to the mixer
on board AD3. The other output is taken to divide by 5 ICl to produce a
signal between 2.4 and 2.6 MHz. This is fed to double NAND gate IC2 which
functions as an amplifier with its bias point set by RI7 and which provides a
+7.5 V clock input for c.m.o.s. variable ratio divider IC3.

Volts

-3y =

B T i T T T T T I T T
124 122 123 124 1256 12:6 127 128 129 130 183895

Fig. 30 VCO characteristic
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Variable ratio divider

111, IC3 is a divide by N (where N is a value in the range 2988 to 4988) pro-
grammable divider which provides the reference for the phase detector on
translation—-phase detector board AD5. BCD inputs on contacts B4 to Bl8 from
synthesizer latch board ADIO provide the division ratios (moduli). Inputs
on contacts B4 to B7 represent 10s of kHz, those on B8 to Bll represent 100s
of kHz, Bl2 to B15 indicate units of MHz while B16 to B18 represent 10s of
MHz.  The modulus is set by the microprocessor via board ADIO so that an
input at pin I IC3 of between 2.4 and 2.6 MHz results in an output at pin 23
of between 480 and 870 Hz respectively. This means that for a local oscil-
lator frequency of 50 MHz a modulus of 4988 is selected which converts the
2.4 MHz input to an output of 480 Hz.  Divider output is taken to AD5 from
contact 1.

Second phase locked loop

112, The signal from the first p.l.l. in the range 480 Hz to 870 Hz provides
the reference for the second p.l.l. detector on board AD5 (see block diagram
Fig. 31). Any difference in phase between the reference and the signal from
board AD5 mixer results in pulses which are converted to d.c. error signals
for adjustment of the frequency of the 10 MHz v.c.x.o. on board AD6. After
division by 5 the signal at approximately 2 MHz is mixed with a 2 MHz input
derived from the 10 MHz standard on board ADI. The difference frequency is
further divided to provide the 480 Hz to 870 Hz signal input to the phase
detector. The 10 MHz v.c.x.o0. output is also divided on board AD6 to pro-
vide a nominal 10 kHz output to the third p.1l.1.

113. The reference frequencies of 480 Hz and 870 Hz mentioned above result
when the N1 and N2 presettable dividers are operating at their division ratio
limits. Selecting 19.99 MHz sets the instrument to its maximum coarse fre-
quency value and minimum fine frequency value. NI and N2 are then at their
limits of 4000 and 4987 respectively and board AD5 input is 480 Hz. With

the instrument set to 9.995 kHz the maximum fine frequency and minimum coarse
frequency values are selected. NI and N2 are then set to 5999 and 4987 res—
pectively and N2 output is at 870 Hz.

Board AD5 - Translation phase detector

Cireuit diagram : Chap. 7, Fig. 8
Phase detector

114, The signals to be compared in phase are applied to the clock inputs to
IC4 and consist of the 480 Hz to 870 Hz reference from the first p.l.l. to

pin 3 and the second p.l.l. signal input to pin 11. When there is no phase
difference between the two signals the simultaneously arriving clock pulses
clock out the low data inputs setting both Q outputs low. These are passed

to NOR gate IC5c which provides the high set signal for IC4 which immediately
returns the Q outputs high. This action is repeated on each clock signal
rising edge so that the Q outputs consist of trains of extremely narrow nega-
tive voltage spikes. The out of lock condition is shown in Fig. 32 where
IC4b clock input leads that of IC4a. The leading clock edge to IC4b causes
the Q output to go low while IC4a Q output remains high. When the later
clock edge arrives IC4a Q output also goes low and this causes IC5c to set
IC4 Q outputs back to their original high state. Successive clocking pro-
duces a train of negative pulses from IC4b with the width of the pulses being
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proprotional to the phase difference. Simultaneously, IC4a produces a train
of negative voltage spikes as for the in-phase condition.

Phase detector switching

115. IC4 Q and Q outputs feed to electronic switches TR2 and TR4 respectively,
which each control the operation of similar circuits. For a signal at a
lower frequency than the reference so that its phase is lagging IC4a Q output
emits a train of negative pulses while IC4b Q output is low except for the
presence of voltage spikes. In this condition TR4 is held off while TR2 is
switched at the pulse train rate. This alternately connects Cll negative
plate to the positive rail which results in ClI alternately charging through
D3 then discharging through TR3. This pumping action charges the loop filter
capacitors CI13 and Cl4 (phase correction is supplied by R20) to a higher d.c.
potential causing board AD6 v.c.x.0. to operate at a higher frequency. As
the loop approaches lock the mark/space ratio of the pulse train decreases
causing TR2 on-period to decrease. Thus the capacitors charge less and less
slowing down the rate of v.c.x.o. adjustment until lock is achieved. The ~5 ¥
to +2 V d.c. input at contact 17 represents an input excursion between 480 Hz
and 870 Hz respectively.

Crystal oscillator switching

116. The v.c.x.0. on board AD6 contains two crystals which are selected as
necessary to provide a sufficiently wide operating range. Board AD5 supplies
the switching logic for this purpose by means of the gating provided by IC6,
IC5a and IC5b and a D-type latch formed by IC7. Switching is controlled from
sythesizer latch board ADIO which applies the necessary frequency data to con-
tacts Bll to Bl6 (see Table 9) as well as a strobed enable signal to contact 21.
As the frequency information sent to the synthesizer is equal to frequency
+29.88 MHz it will always be 0.12 MHz below the actual frequency of oscillation.
Thus the changeover of crystal occurs at 37.12 MHz. For local oscillator fre-
quencies below 37.12 MHz the gates take contact 6 high and for 37.12 MHz and
above the contact is taken low. During any frequency change the input logic
lines are not all set at the same time so contact 21 is normally held low to
prevent incorrect operation. When the data has been assembled on the input
lines the selection is strobed after the delay set by R29 and C23 to allow the
data to settle.
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TABLE 9  ADS VCX0O SWITCHING LOGIC

Frequency Detecting
(MHz) B11 B16 B15 BI14 B13 BI3 gate
37 L H L |[H_ H  H| IC6a
38 % fB H| L B I IC6b
39 L |H H L L H IC6b
40 L el Lo X IC5b

Mixer

117. A 2 MHz input derived from the frequency standard is applied to contact 37
and taken via tuned buffer amplifier TRl to mixer ICl. The second input to
the mixer from buffer TR6 is derived from board AD6 v.c.o. This signal is a
square wave at between 2,004,800 Hz and 2,008,700 Hz. The 4800 Hz to 8700 Hz
difference frequency is selected by low-pass filter IC2 and associated com-
ponents and fed to divider IC3. After division by 10 the 480 Hz to 870 Hz
output is fed to the board phase detector.

Board AD6 - Translation oscillator

Circuit diagram : Chap. 7, Fig. 8
Crystal oscillator

118. For frequency adjustment of the voltage controlled crystal oscillator the
d.c. input from AD5 phase detector at,contact 6 is fed to varactor diodes D6
to D9. These control the frequencies of the two crystals which are necessary
to provide a wide operating range. Selection of either XLl or XL2 is by
board AD5 logic to contact 9. A high to contact 9 switches TR7 on taking the
junction of R22 and R30 low. This switches TR6 off by taking its base and
emitter to the same potential while also forward biasing diode D5. The low
impedance path now formed from TR2 emitter via D5 and XLl to TRl activates

the crystal which now provides the v.c.x.o0. higher frequency range. As TR6
is switched off, D4 is reverse biased through R21 and R29. This effectively
disconnects XL2, To select XL2, contact 9 is taken low which forward biases
D4 and this crystal is brought into operation instead of XLl. Oscillator
voltage control and crystal selection is shown in Fig. 33. Output from either
crystal is fed to tuned amplifier TRl which with TR2 completes the long-tailed
pair oscillator.
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Fig. 33 Board AD6 voltage controlled crystal oscillator showing
switched ranges of operation

Dividers

119. TR2 output is passed to amplifier TR3 whose collector is tuned by L2 and
c7. The sine wave output from the amplifier is converted to a square wave

by TR4 and used to clock the divider which follows. ICl has dual divis
ratios of 5 and 10. IC1 divides by 5 to produce an output in the range

ion

2,004,800 to 2,008,700 Hz and this supplies the carrier for the mixer on board

AD5S. To supply an output to board AD9 and the third phase locked loop
also divides by 10. The output in the range 1,002,400 to 1,004,350 Hz
converted from t.t.l. to c.m.o.s. logic levels by TR5 and fed to decade
IC2 and IC3. Divider output at a nominal 10 kHz is fed out at contact

Third phase locked loop

120. From the second p.l.1. the signal at approximately 10 kHz provides

ICI

is
dividers
37

the

reference for the second p.l.l. detector on board AD9. When a change in fre-
quency is detected an out of lock signal is passed via board ADIQ to the micro-
processor and a d.c. error signal adjusts the frequency of the 30 to 50 MHz
v.c.o. on board AD8 (see Fig. 34). One output from AD8 is mixed with 30 MHz
on board AAl to supply the sender output of up to 20 MHz. A second output is
looped back via dividers on board AD7 which convert the signal to approximately

10 kHz for the phase detector.
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Fig. 34 Third phase locked loop

Board AD9 - Output phase detector

Circuit diagram : Chap. 7, Fig. 9
Phase detector

121. The signals to be compared in phase are applied to the clock inputs of

IC! and consist of a nominal 10 kHz reference from the second p.l.l. to pin 7
and a nominal 10 kHz signal from variable divider board AD7 to pin I. When
there is no phase difference between the two signals the simultaneously
arriving clock pulses clock out the low data inputs taking both Q outputs low.
This causes NOR gate IC2a to provide the high set signal for ICl and both Q
outputs immediately return high. This action is repeated on each clock sig-
nal rising edge so that the Q outputs consist of trains of extremely narrow
negative voltage spikes (the spikes are subsequently filtered out). The out
of lock condition where IClb clock input leads that of ICla is next considered.
The leading clock edge to IClb causes the Q output to go low while ICla Q out-
put remains high. When the later clock edge arrives, ICla output also goes
low and this causes IC2a to set ICl Q outputs back to their original high state.
Successive clocking produces a train of negative pulses from ICIb with the width
of the pulse being proportional to the phase difference. Simultaneously, ICla
produces a train of negative voltage spikes as for the in-phase condition.

Out of lock indicator

122. An out of lock indication to the microprocessor is provided by the circuit
formed by ICs 2b and 2c with DI and C3. Phase detector ICI Q outputs provide

the two inputs to NOR gate IC2b. When an in-phase condition exists, both in-
puts are low, except for positive voltage spikes whose effect is absorbed by
€3. Inversion by IC2c results in a low in-lock signal being passsed to the
microprocessor from contact IZ. For an out of phase condition, positive pulses
from phase detector ICl set IC2b output low which forward biases DI and enables
C3 to discharge. The resulting low is inverted by IC2c to form a high out of
lock signal to the microprocessor.
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Curvent mirrors

123. Phase detector ICl outputs are taken to electronic switches IC3b and TRI

whi.h control the operation of current mirrors. Switch protection is pro-—
vided by D3 and D4 while Schottky diodes D2 and D5 prevent saturation to and
recovery time. Current mirrors are formed by matched transistor pairs TR2

and IC3a whose d.c. output is used to adjust the frequency of the 30 to 50 MHz
v.c.0. on board AD8. In the in-phase condition, n.p.n. IC3b is switched off
by a low ICl Q output and p.n.p. TRl is switched off by a high ICl Q output
and the v.c.o. operating frequency is unaffected. During the out of phase
condition, the pulsed output to one of the switches activates a current mirror
for the duration of the pulses. Whenever a current mirror switches on it
applies a current to charge or discharge the loop filter on board AD8 which
adjusts the v.c.o. frequency.

Board AD8 - Qutput oscillator

Cireuit diagram : Chap. 7, Fig. 9

124, The control current from board AD9 phase detector is taken via the filter
formed by C3, CI0 and Rl to the 30 to 50 MHz voltagecontrolled oscillator. The
v.c.0. comprises varactor diodes Dl to D8, tunable inductor Ll and low noise
E.e b TRL, Oscillation amplitude is limited by diodes D9 and DI10. Emitter-—
follower TR2 feeds into three output buffer amplifiers TR3, TR4 and TR5.

These grounded base transistors form limiters in conjunction with TR2 and the
resulting square wave outputs are coupled out by transformers Tl to T3.

Board AD7 - OQutput variable divider

Circutt diagram : Chap. 7, Fig. 9
General

125. The purpose of board AD7 is to divide the 30 to 50 MHz variable frequency
input from the v.c.o. on board AD8 in order to obtain a fixed 10 kHz output
for the third phase locked loop. To do this, the division ratios must be
variable so as to produce a constant frequency output as the local oscillator
is tuned during normal operation. This is achieved by divider circuits which
include a prescaler whose division ratios (moduli) are selected by presettable
counters. For ease of explanation these counters may be considered to be
grouped into A counters for controlling division by the upper modulus of 21
and B counters for controlling division by the lower modulus of 20. In
operation, both groups of counters are preset and then start counting down
with the prescaler dividing by 21. When the A counters, which are loaded
with the least significant digits, finish counting they cause the prescaler

to change to division by 20 and the B counters, loaded with the most signifi-
cant digits, continue the count. Both groups reset at the end of the count
and the sequence restarts.

Division
126. Apart from the prescaler, the method of division is similar to that for
a normal decade counter of the form :

N = Bl + 10B2 + 100B3 + 1000B&4

where N is the overall division ratio, Bl is the number of units, B2 is the
number of tens etc.
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Board AD7 counters are, however, grouped into A and B counters and additionally
the least significant tens input is 'borrowed' from the B counters and included
in the A counters (see Fig. 35). Because of these modifications the above
simple expression changes to

N = Al + 10A2 + Bl + 5B2 + 50B3

Initially, division is at the prescaler upper modulus of 21 and the A and B
counters are clocked by the number loaded into the A counters i.e. the A
counters decrement to zero after 21 A pulses. The count now remaining in

the B counters when the A counters have reached zero is B-A so that the number
of further pulses for the B counters to reach zero is 20 (B-A) pulses. Thus
the total count for a complete countdown is 21A + 20 (B-A) and the complete
expression for the counter becomes :

N = 21 (Al + 10A2) + 20 [BI + 5B2 + 50B3 - (Al + 10A2)]

where N is the overall division ratio and the variables are the counter presets.

PRESETS
— A 8
ji_flu f 1 B4 21 421
[ azft_:* ]
PRESCALER Rvavav,
| [e | B2 B3
+20/21 + +1 > +1
fin al 1 = 3 rb_ 0 0 f out
30-50MHz 1C1,1C2 IC11a,1C12 IC4 Ic5 10kHz
| | (107) (109
PRESET | 1
Select Gl
e
mocdulus 6{7‘{]6 | v |
Al j | e | N=2IAI+10A2)+20[BH+5B2+ 5083~ (A1+10A2]
+10 +2
1c3 | 1C10b |
= — el — P8 3278
(10°) (10°)

Restart count

Fig. 35 Method of division using dual modulus prescaling.
The expression 18 for the overall division ratio.

Divistion example

127. In the example shown in Fig. 36 the instrument is set to 280 kHz and the
30 MHz higher local oscillator frequency of 30.28 MHz is fed as the clock
input to the prescaler and following counters for conversion to a nominal

10 kHz output. Before countdown commences, the counters are preset to an

N2 division ratio (see Introduction) in the range 2988 to 4988. This preset
represents an initial value of 2988 plus the number of 10 kHz multiples in the
instrument setting. For a frequency of 100 Hz the preset would thus be 2988.
In the example where the instrument frequency is 280 kHz the preset is 3016
i.e. 2988 + 28. The counters are preset as follows : B3 = 3, B2 = 0, Bl =0,

A2 =1 and Al = 6 (see Fig. 36a). Note here that the least significant of
the Bl counter inputs is 'borrowed' to provide the A2 preset as previously
explained (see Fig. 35). For example, for a preset of 3046 the presets

would be B3 = 3, B2 =0, Bl =2, A2 =0 and Al = 6.

Chap. 4-2
May 80 Page 57




H 52356-900D

PRESCALER 0 0 3
Bl B2 B3
—f 21 +5 t—f 10 }——0r 10 |}

(@) f-3028m)/ 1 X
/ / \

v 6 i

2m='/// ‘ NG //*///;r

126= b 10— s

336 Divide by +10 =2

21

& Count extra®0 |

(4) (5) (2)
B! B2 B3
() —f +20 15— 0 — 0 [
(0) [0)
Divide At b
A 10 +2
[ ]
x ———(4) % ———(6) . —(2)
600= <]
I~ T y—100-
(c) 2000=<_| ;—20(”‘ 100_-__/_+5 107] +10
80= < o~
2680 A gt *‘“-—20=4—*/
P8 1287
(0) (0) ()
(dy — 20 =5 ——- 10 — 10 [T
(0) 0)
% S 302
10 .2 T5tB0: - 10-04kHz
) ]
Pig. 36 Example of frequency division using dual modulus prescaling —

showing conversion of 30.28 MHz input to nominal 10 kHz output

128. Countdown commences with the prescaler dividing by 21 and both A and B
counters counting down the number preset on the A counters. In the example
the A counters are preset to 16. Al counts down to zero and since A2 is
preset to 1 it causes Al to count down a further 10 pulses from the prescaler.
The A counters thus reach zero after 21 x 16 = 336 prescaler input pulses
(Fig. 36a). Meanwhile the B counters have also counted down their preset by
16. Since these counters consist of two decade counters and a divide by five
counter the first pulse from the prescaler counts down B3 from 3 to 2, B2 from
0 to 9, and Bl from 0 to 4. After the sixteenth pulse, when the A counters
have finished counting B3 = 2, B2 = 6 and Bl = 4 as shown in Fig. 36(b). The
modulus is now changed to 20 due to the A counters having completed their

count and the B counters continue counting down alome. After a further 2680
pulses (see Fig. 36¢c) the countdown sequence is completed and a new sequence
starts. Output frequency is now at the required nominal 10 kHz, i.e.

30.28 MHz + (2680 + 336) = 10.04 kHz as shown in Fig. 36(d).
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Overall operation

129, Transformer Tl couples the 30 to 50 MHz input to current feedback pair
amplifier TRl and TR2 whose output clocks presettable divider ICl. This
divider forms the first part of a prescaler whose division ratios are selected
according to the logic states on pins 2 and 3 of ICl. When either of these
pins is set high, ICl divides by 10 and when both are low division is by 11.
The second part of the prescaler is formed by IC2 which divides by 2 to pro-
vide the overall prescaler division ratios of 20 and 21. Modulus selection
is by ICIO0a Q output to pin 2 ICI. To select division by 20, pin 2 of ICI

is held high so that ICl divides by 10 while IC2 is dividing by 2. To select
the modulus of 21, IC10a holds pin 2 low. The effect of this is to cause ICI
to divide by 11 when the logic states of pins 2 and 3 are coincident low every
other clock pulse, and to divide by 10 when pin 3 goes high. Under these
conditions prescaler division is by 21 as shown in Fig. 37.

130. Prescaler output is fed to the upper modulus counter via amplifier IC6a
and inverter IC6b. This counter is formed by presettable divider IC3 (counter
Al) and D-type bistable ICIOb (counter A2). Presets are applied from contacts
B4 to B7 which carry the 10 kHz units inputs, and from contact B8 which carries
the 'borrowed' least significant 100 kHz input. Signals A and B from ICl1l1b
control overall counter operation.

B2 N2 345 6 788 10N 124304151617 18492021 12 3

weur oot JTULTHU U U U U U Ui yuuue

I ]
[ I

OUTRUT IC1 pin 11 —?—]—(j__]—(l_
I
|

OUTPUT IC2pin9 | ]

|

= 21 INPUT PULSES >

1PB 3280

Fig. 37  Prescaler division by upper modulus of 21 when pin 2 ICI
held Low

131. Prescaler output is also fed to the lower modulus counters. ICéb output
is taken via the remaining gates of IC6 to the divide by five counter (counter
Bl) formed by D-type bistables IClla, ICl2a and ICI2b. This counter is loaded
by a system of gates from contacts B9 to Bll which carry the remaining 100 kHz
inputs. These gates load the counter by controlling the set function of ICIla
and the reset functions of ICs 12a and 12b. ICI2b Q output is used to clock
the most significant counters formed by presettable dividers IC4 (counter B2)
and IC5 (counter B3). IC4 is preset by contacts Bl2 to Bl5 which carry the
MHz inputs while IC5 is loaded from contacts Bl6 to B18 which carry the 10 MHz
inputs.

Counting sequence

132, Towards the end of a counting sequence (during division by 20) ICI2Zb Q
output as well as IC4 pin 12 both go high signifying count completed. These
signals cause NAND gate IC9d to set the data input low to bistable ICl11b which
controls the overall counter operation by means of output signals A and B.
Counting continues and after 20 input pulses ICllb is clocked setting signal A
high. This signal sets ICl10a output to the prescaler high so that division
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by 20 continues, as well as enabling all counters to preset to the b.c.d.
inputs. The loading operation causes IC4 to take pin 12 low causing ICl1b
data input to go high. This is clocked out after a further 20 input pulses
so that signal A is set low and signal B, in its turn, is set high. The B
signal disables the preset inputs to the gates now that the counters have
loaded, as well as removing the set input to modulus selector ICI0a. This
allows the first clock pulse of the new sequence to IC10a to clock out the
logic level on its data input to recommence the counting sequence. If the
upper modulus counters are loaded, ICl10a data input will be low and this is
clocked out to select division by 21.  If however, these counters are preset
to zero, IC10z data input is high so that initial division by 21 is omitted
and the counters commence division by 20. Note from the preceding description
that counting continues after the count completed signal has been received;
this is due to the division method used by the divide by five counter.

Divide by five operation

133. When signal B from ICllb is set low it enables the b.c.d. inputs to pre-
set the divide by five counter. Signal A at this time is high to NOR gate
IC6c which prevents the counters from being clocked while also allowing the
remaining counters to load and count down. The clock input from IC6b to the
control bistable ICl1Ib is not inhibited and when the count completed signal
from IC4 pin 12 is received signal B is set high. This disables the divide

by five presets while also enabling counter operation. If the counter is
preset to zero, exact multiples of 5 are counted and the first input clock
pulse is immediately passed out to clock IC4. For any other value preset the

first count is less than 5 and the occurrence of the first clock pulse to IC4
is delayed for the required count. Fig. 38 shows the counter timing diagram
and the truth table is shown in Table 10 (the arrow shows the operating
sequence).

cLOCK pEpEpipEpEpipipEpEpEpEy

Wi L L . 2
ICMa pin 2 Divide by 5 timing diagram
IC12a pin 2 | I | L
iC12bpin1z | ] | J 1

TPA3276

TABLE 10  DIVIDE BY 5 TRUTH TABLE

BCD inputs Set Reset Q outputs

B9 Bi0 BII T0lin | I01%2a 1018b | ICile ICl28¢ IC12b
L .1 . H H L H L L H

H H L L H H H H H

L H L L H L H H L

H L L L L L H L L

L L L H L L L L LY

H=4+7.5V; L=-7.5V

(arrow shows sequence)
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Upper modulus counter operation

134. The operation of these counters is shown by the example in Fig. 39 in
which the upper modulus counters are preset to 15. At (a) the counters have
finished the previous sequence so that IC3 pin 12 is high and ICIOb Q output
is low to indicate count complete. This causes NOR gate IC7d to take IClO0a
data input high and this is clocked out to select prescaler division by 20 and
the lower modulus counters continue counting down. At (b) these counters
have finished their count so that signal A is high and signal B is low. These
signals enable the upper modulus counters to commence operation. With signal
A high, IC3 (counter Al) is preset to 5 and with signal B low ICIOb (counter
A?2) is effectively preset to 10. When IC3 loads, the count complete signal
on pin 12 goes low and clocks out the high on IC10b data input. This causes
IC7d to remove IC3 inhibit while also selecting the upper modulus of 21 when
clocked out from ICIOa. Counting can now commence. At (c) counting is
taking place so that signal B is high which inhibits ICIOb reset from affecting

A2 Input @

To Dual Modulus 4. .20

counter IC1 i
=10 [0 =2
LS PN Q p R ald_

1C10a 1C3 IC10b

Count
Inhibit  complete
1 1

(a)

P
t& 0
] C Td 1PB3283

i::
1
<:I_..
=
pes
I,
L_O
=]
-e@:_.

(b) 0 0 (c) 1

(d) (e)

1
110 5{0

Fig. 39  Example of upper modulus counter operation showing count of 15
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further operation. IC3 has counted down to zero and pin 12 goes high to
indicate count complete. However, this signal is prevented from inhibiting
IC3 by the high Q output from ICIOb to IC7d. As shown in (d) decade counter
IC3 now recommences counting down, this time from 10. This causes the count
complete signal to go low which clocks out the low on ICI0b data input. The
end of the upper modulus count is shown in (e) where IC3 count complete signal
sets ICl0a data input high. This will be passed out by the next clock pulse
to select division by 20 for the remainder of the counting sequence.

Board ADIO - Synthesizer latch

Cireuit diagram : Chap. 7, Fig. 10
Synthesizer outputs

135. RAM 0 inputs to contacts 34 to 37 provide the data input to D-type latches
ICl to IC8, the outputs of which feed the tuning information in b.c.d. form to
the frequency synthesizer., Latch selection is achieved by a 1 of 8 decoder
IC9 which decodes the ROM 1 inputs at contacts B34 to B37 addressing each latch
in turn starting at ICI. When a frequency is entered on the keyboard it is
processed (a constant is added to it) and sent in serial to this board which
routes the information to the appropriate synthesizer decades. When the
instrument is tuned manually, a similar process takes place with the micro-
processor incrementing or decrementing the frequency information.

INTERFACE UNIT

Operation summary (see also Chap. 1)

Addresses and control messages

136. Data in the form of a control message or an address are placed on data
bus lines DIO 1 to 7 by the controller with ATN asserted (see Fig. 40). ATN
enables the acceptor handshake to function and the data are passed in by the
transceivers on board AB7 on internal bus lines DI | to 7 and taken to both
the FPLA (field programmable logic array) on board AB6 and the FIFO (first-in,

[ o10 17 DATA o 1-7
TRAN SCEIVERS
NRFD % o
To/from < DAV_#% ACCEPTOR ACDS [
controller NDAC % HAND SHAKE ey
e recognition

MESSAGE

:B DECODER
(FPLA) MLA, MTA UNL

GTL, LLO

Control

ATN * BUS ATN S_PEIL messages
MANAGEMENT TRIG

# Negative logic TPEIS0E A

Fig. 40 Address and control message acceptance summary
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first-out memory) on board ABS. Since ATN is asserted with the data, the
interface is prevented from entering either LACS or TACS (see message
references in Table 11). LACS unasserted prevents the 'shift-in' signal
from enabling the FIFO so that it ignores the data on the bus. And with
TACS simultaneously unasserted, the send transceivers are disabled so that
any data latched onto the internal DO 1 to 7 lines are prevented from being
passed out onto the data bus.

TABLE 11  INTERFACE MESSAGES MENTIONED IN THE TEXT

Remote messages Local messages
ATN = attention lon = listen only
DAV = data wvalid nba = new byte available
EOI = end or identify pon = power on
GET = group execute trigger rdy = ready
GITL = go to local rsy = request service
IFC = interface clear rtl = return to local
LLO = local lockout ton = talk only

MLA = my listen address

MIA = my talk address Some interface states

NDAC = data not accepted ACDS = accept data state

NRFD = not ready for data AIDS = acceptor idle state

OTA = other talk address ACRS = acceptor ready state

REN = remote enable LACS = listener active state
RFD = ready for data LADS = listener addressed state
SPD = serial poll disable LOCS = local state

SPE = serial poll enable REMS = remote state

SRQ = service request TACS = talker active state

UNL = unlisten SPAS = serial poll active state
UNT = untalk SPMS = serial poll mode state

137. The data sent with ATN asserted are thus fed into the FPLA for action.
Control messages are decoded and the functions are carried out. The data on the
bus are also compared with data from the rear panel address switches. If the
instrument's address is recognized and certain other conditions are met, either
MLA or MTA results depending upon whether DI lines 6 and 7 designate the instru-
ment a listener or a talker.

Talker function summary

138. The talker function is summarized in Fig. 41 which shows the operation

of the interface immediately following the address phase. Recognition of the
instrument's talk address by the FPLA results in MTA which causes TADS to be
latched out. When ATN is removed with the address it causes both the acceptor
handshake and the FIFO to be disabled since these are not required for the talk
operation. TADS is gated to assert TACS which enables the send transceivers.
When ready to transfer data, the processor places the data byte on the data bus
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ferred to the listeners by means of the source handshake process.

To  DIOI-7 DATA DO 1-7
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NRFD # nba
—e
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Fig. 41

Listener function summary

139. The listener function

Talkeyr summary

is summarized in Fig. 42.
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The instrument responds to being addressed as a listener by the FPLA asserting
MLA which causes LADS to be latched out. When the controller removes ATN
with the address, LACS and TACS are gated out. TACS disables both the source
handshake and the send transceivers since these are not required for the listen
operation. LACS is gated with ir and this removes NRFD to indicate the inter-
face's readiness to receive data. This happens when DAV is received from the
talker during the handshake when the data is transferred. LACS is also gated
with ACDS to set 'shift in' high to enable the FIFO to load the incoming data
byte.

Board AB5 - Input buffers

Cireuit diagram : Chap. 7, Fig. 16
Data input control

140. Most of the operations performed by the interface board including data

input and output are controlled by b.c.d. to decimal decoder IC7. When the
interface accepts data it is fed to the FIFO formed by ICs 1 and 2 and then
passed out to the microprocessor in two 4-bit words. Decoder decimal 1 out-

put going high enables the A inputs to AND/OR select gate IC5 to be passed out
to the B inputs of a second AND/OR select gate IC6. The A inputs to IC5 are
supplied by IC2, and these consist of the upper data bits plus the FIFO 'out-
put ready' signal. The same activating signal at input contact Bl6 that
selected the decimal 1 output is used to pass the B inputs to IC6 out to the
microprocessor via the internal data bus from contacts B24 to B27. When in
its turn decoder decimal 2 output goes high, the A inputs to IC6 are enabled
and the second 4-bits of the data word are passed out to the microprocessor.
The next data word may now be presented at the FIFO outputs and this is done
when decimal 4 output goes high. This provides the FIFO 'shift out' signal
which allows the old data to be replaced by new.

Data output control

141. Data is transferred out by D-type latches IC8 and ICY9 when clocked by
decoder IC7. The same decimal 1 and 2 outputs used to pass data in are used
to sequentially latch data out in two 4-bit words from the microprocessor.
Included with the upper data bits is nba which triggers the source handshake.

Control functions

142, This board is common to both the receiver TF 2357 as well as the sender
and since the sender has a limited control capability provision is made on
this board for asserting ATN, IFC, REN etc. The receiver, which has no con-
trol capability, does not send these signals.

Chap. 4-2
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Board AB6 — Decoder

Cireuit diagram : Chap. 7, Fig. 16
Address selection

143, Address recognition is carried out by field programmable logic array ICI.
During the address phase, the address placed on the data lines is passed into
FPLA ICl from contacts 24 to 28 for internal comparison with the address set
on contacts 33 to 37. The address for these contacts is set on the instru-
ment rear panel ADDRESS switches. At the same time the logic on input con-
tacts 21 and 22 determines whether the instrument is being addressed as a
talker or a listener. If the addresses are compatible, the outputs from
decimal decoder IC2 assert either MLA by the decimal 6 output or MTA by the
decimal 7 output. MLA or MTA going high provides the data input to either
pin 9 or pin 5 respectively of dual D-type bistable IC3. The clock input
for IC3 is provided via AND gate ICI1 by the F6 ICl output (high when the
instrument is addressed) and the MLA/MTA STROBE input from contact Bl6.

144, When dual bistable IC3 is clocked during the address phase with either
MTA or MLA set high on its data inputs, the resulting Q outputs assert TADS

or LADS. LADS is passed to provide the Il4 input to FPLA ICI while TADS is
ANDed with ATN to provide the TACS output at contact B10. The Il4 input is
necessary for GET, GTL and SDC since for these signals the instrument must be
in the listener addressed state. IC3 TADS output is enabled by the set signal
ton and disabled by the reset signals OTA and UNT via OR gate ICIOa. Simi-
larly, IC3 LADS output is enabled by lon and disabled by UNL via OR gate ICIOb.
Both TADS and LADS are disabled by power on (initally) and by interface clear
signals to the two OR gates.

Service request and serial polling

145, When the attention of the controller is required, i.e. when faulty infor-
mation is received, the microprocessor originates a request service (rsv)
message which is passed via board AB5 to contact B8. The high rsv signal is
applied to the bistable formed by IC7a and IC4d and sets the service request
SRQ output high to contact 8. This is passed to board AB7 which asserts SRQ
to the controller by means of the interface management bus (see timing diag.
Fig. 43). Having received SRQ the controller uses serial polling to find out
the source of the request - necessary since all devices use the same SRQ line.
The SPE (serial poll enable) message is sent, all devices are unlistened and
then sequentially addressed to talk. When the interface receives the SPE
message decoder IC2 decimal output 4 goes high to assert SPE. SPE sets the
bistable formed by the cross—coupled NOR gates IC4b and IC4c which sets SPMS
high. During SPMS the microprocessor prepares the status byte.

146. When addressed as a talker, the interface enters SPAS via NOR gates IC7c
and IC4d which resets the bistable to remove SRQ. During this period the
microprocessor sends the status byte with bit 7 indicating that the sender is
the instrument requesting service. The contents of the remainder of the byte
indicate the reason for requesting service. The interface exits SPAS when
either OTA or UNT is received from the controller. The serial poll disable
SPD signal from IC2 decimal 5 output ends the sequence by resetting IC4b/c
bistable.

Chap. 4-2
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147, The local/remote selection circuit basically comprises bistables IC8c

with IC7b, and IC8a with IC6a.
for the circuit.

Fig. 44 shows the simplified timing diagram
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This asserts pon which resets the local/remote bistable and takes contact 10
low. When the microprocessor has powered up, contact 6 is taken high so that
after the delay set by C6 and R18 pon is removed from the bistable to allow sub-
sequent remote selection when required. The remote state is achieved when the
instrument is addressed as a listener with REN asserted (note that REN is also
automatically asserted whenever r.f. board AA6 is removed). To return to the
local state either rtl (when CLEAR is pressed) or GTL is asserted. If however,
LLO has been received then rtl will have no effect. This is to prevent inter-
ruption of a program after it has started. The circuit unconditionally re-
verts to local when REN is not asserted.

Board AB7 - Interface and handshake

Cireutt diagram : Chap. 7, Fig. 16

148, Data bus lines DIO 1 to 7 which carry both data and address information

in negative logic form are applied to transceivers ICl and IC4 which allow
two-way data flow. Here the inputs are inverted to positive logic form and
passed to both the address recognition and message decoder circuits on board
AB6 and the data inputs on board AB5 via the FIFO to the microprocessor. IC2
and IC3 are the bus transceivers for the handshake and bus management lines.
The circuits on this board provide both acceptor and source handshakes since
the level oscillator, although primarily a listener, also has a talk capability
e.g. for reporting its status.

Acceptor handshake

149. The operation of the acceptor handshake is shown in the simplified timing
diagram Fig. 45. The sequence is started by the controller designating the
sender to be a listener by placing the sender's listen address on the DIO data

DATA BYTE
D10 1-7 LISTEN ADDRESS

ATN h

LACS

DAV L

i
)

NRFD

NDAC
ACDS

Shift in \

Input ready

T

Address byte Data byte
accepted accepted
TPB13739

% Source function

Fig. 45 Simplified timing diagram of acceptor handshakes showing
the sender being designated a listener and then the listener
accepting a data byte from a designated talker
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lines with ATN asserted and DAV unasserted to indicate that the data are not
yet settled and valid. ATN asserted by the controller causes the AIDS line
to go high to contact B9 via board AB6. With the AIDS line high and the DAV
line low to AND gate IC10b, the R-S latch IC6a and IC6b and gating remove
NRFD to indicate the interface's readiness to receive data. Upon this, the
controller asserts DAV which sets the ACDS line high via IC10d and the address
byte is accepted. The DAV line going high asserts NRFD via ICl1b and IClOa.
The high on the ACDS line to ICI1d causes C6 to discharge until Schmitt trigger
IC9b switches to provide a positive delay pulse. This pulse resets the R-S
latch which takes the ACDS line low to ICIId. C6 then charges until IC9b
triggers to end the delay pulse. This removes NDAC via NOR gates ICllc and
IClla to signify acceptance of the data byte. To end the address handshake
the controller removes DAV. This asserts NDAC via IClla and removes NRFD
via ICI1b ready for the following data byte.

150. Data is transferred in a similar manner to that used for the address but
with ATN removed by the controller to enable the designated talker to pass the
data byte or bytes to the listeners. ATN unasserted takes the LACS line high
at contact Bll to put the interface into the listener active state. To start
the handshake the talker asserts DAV which is passed in via ICl1b and ICl0a to
assert NRFD. DAV also causes the interface to enter ACDS via ICIOb and ICI0d,
and puts 'shift in' high via IClOc to the FIFO on board AB5. The data byte
is loaded into the FIFO and the input ready signal goes low. When ready to
accept a second data byte ir from the FIFO goes high. This removes NDAC to
indicate receipt of data via IC9a,d and ICllc,a. The data handshake is com—
pleted by the talker removing DAV which resets the R-S latch to assert NDAC
and remove NRFD to indicate readiness for further data.

Source handshake

151. After the sender has been addressed to talk by the controller TACS is
asserted from board AB6 which takes contact BIO high. The high on the TACS
line and the high on the NDAC line are gated by IC6d and passed via IC8b to
set rfd high at contact 29. The rfd signal is taken to board AB5 and results
in the microprocessor placing a data byte on the data output lines. The high
on the TACS line also enables transceivers ICl and IC4 so that the byte is
placed on the DIO lines and transferred to the designated listener by the hand-
shake process shown in Fig. 46. The nba (new byte available) signal to con-
tact 30 goes low then high to indicate that the two 4-bit words forming the
data byte have both been placed on the data output lines from AB5. When nba
transits from low to high, D-type bistable IC12 1is clocked and, with the data
line to earth, Q goes high which sets rfd low. C7 then charges through R2
and after this delay to allow the data lines to settle Schmitt trigger IC9c
switches. When the listeners remove NRFD, i.e. they are ready for data,
IC12b Q output is taken low via NOR gate IC8d. This asserts DAV to indicate
that the data lines have settled. After the data has been accepted, the
listeners remove NDAC and this removes DAV via the set input to ICl2a and
Schmitt trigger IC9¢. Finally, NDAC is asserted by the listeners when ready
for the next data byte and this takes rfd high.

Chap. 4-2
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Fig. 46  Simplified timing diagram of source handshake

Board AB16 - Level shifter

Cireuit diagram : Chap. 7, Fig. 16

152. This board performs level shifting between the t.t.l. and c.m.o.s. logic
levels used by the GPIB interface and the microprocessor boards respectively.
Data transferred to the GPIB boards are shifted in level by resistors R2 to

R9 each of which forms a potential divider with a pull-up resistor on board
AB5., Data transferred to the microprocessor is shifted in level by electronic
switches TRl to TR6 which switch the output between the +7.5 V and -7.5 V
power rails.
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GENERAL

1N This chapter contains information for keeping the instrument in good
working order and checking its overall performance, and to assist in fault
finding and repairing the instrument. For these purposes this chapter should
be read in conjunction with the Technical Description Chap. 4, and the Circuit
Diagrams Chap. 7.

2 Integrated circuits and semiconductor devices are used throughout this
instrument and, although these have inherent long term reliability and mecha-
nical ruggedness, they are susceptible to damage by overloading, reversed
polarity and excessive heat or radiation. Avoid hazards such as prolonged
soldering, strong r.f. fields or other forms of radiation and the use of
insulation testers.

3. In case of difficulties which cannot be resolved with the aid of this
book, please contact our Service Division at the address given inside the
rear cover, or your nearest Marconi Instruments representative. Always quote
the type and serial number found on the data plate at the rear of the instru-
ment.

PERFORMANCE TESTS

4, Test procedures described in this chapter may be simplified and of
restricted range compared with those that relate to the generally more com-—
prehensive factory test facilities which are necessary to demonstrate complete
compliance with the specifications.

5% Performance limits quoted are for guidance and should not be taken as
guaranteed performance specifications unless they are also quoted in the
Performance Data in Chap. 1.

6. When making tests to verify that the instrument meets the stated perfor-

mance limits, allowance must always be made for the uncertainty of the test
equipment used.

ACCESS TO BOARDS AND COMPONENTS

Removal of case

T The case is in two sections. Both upper and lower halves are secured
by four M4 screws which are located at the sides of the instrument.

Removal of covers

8. The top of the instrument is protected by three covers which are fastened
by M3 screws and captive studs. To release a cover, remove the screws (if
fitted) and turn the studs approximately a quarter turn anti-clockwise until
the slots in the stud heads are aligned with the bars marked on the cover.

The cover may now be lifted off to expose the boards and units.

Chap. 5
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Removal of boards

9, The majority of components are mounted on plug-in printed circuit boards
which may be lifted out from above the instrument. Note that to prevent
damage to the flexistrip connecting microprocessor and memory boards AB2 and
AB3 always remove these boards as a pair.

Access to front panel

10. Access to the rear of the front panel is obtained after removing the
four handle fixing screws and detaching the handles. The panel will then
hinge forwards. The two display boards may now be removed after releasing
the 4 corner screws. Shouldered hexagonal pillars separate the boards which
may be parted after removing the centre screw.

Access to test points

11. Access to board contacts for test purposes without having to remove
boards or units may be made via the underboard sockets or, in the case of the
control unit assembly, via the mother board accessible from the underside of
the assembly. To obtain access to board components and test points the
boards may be removed and reconnected to the instrument via the extender boards
which are available as optional accessories.

Access to adjustment points

12. Many adjustment points are accessible from above. Adjustment locations
for each of the three main assemblies, r.f. unit, control unit and local

oscillator unit are shown in the top views in Figs. 1 to 3. The lower views
identify board socket locations. For ease of identification these illustra-
tions all show the instrument as viewed when it is supported by its side feet.

FUSE REPLACEMENT

13. Two cartridge-type fuses are located on the rear panel. These main
supply fuses are slow blow, 800 mA for 95 to 130 V a.c. and 400 mA for 190 to
260 V a.c. Two 2 A quick acting fuses on board ABIl protect the battery charge
and instrument d.c. power supplies. A 1 A quick acting fuse on board ABI5
protects the d.c. power supply to the GPIB boards. Switch off the power
supply when replacing a fuse.

TRANSISTOR AND DIODE CHECKING

14, Transistors may be checked by measuring the electrode voltages and/or by
measuring the resistance between electrodes by means of a multimeter. So that
the meter voltage does not damage the transistors or diodes use the lowest
voltage and the maximum source resistance available, e.g. the @ range on the
AVO 8 or the SEI Selectest Super 50.

TEST EQUIPMENT

15. The test equipment required for the maintenance and repair of the instru-
ment is listed in Table 1.
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TABLE 1  TEST EQUIPMENT

Item Deseription Recommended model*
a Spectrum analyser TF 2370 or TF 2370/1
b 1 dB step attenuator =
c Oscilloscope (50 MHz) =
d Digital counter 2437
e High impedance probe TF 2374 or TF 2374/1
i3 Through terminator 75 @ =
g Multimeter Selectest Super 50
h DC power supply TF 2154
i Signal generator TF 2002B
i Digital multimeter -

k Return loss probes 50 @, 60 @, 75 @ =
1 Balanced probes 124 @, 135 @, 150 @ =
m Milliwatt test set =
n GPIB controller (or Commodore PET) TK 1802 or TK 1813

*Marconi Instruments type unless otherwise stated

ATTENUATOR SETTINGS

16. Attenuators are inserted into the signal path in accordance with the

level entered on the keyboard. The attenuation inserted is 10 dB below the
entered level e.g. for an entered level of +10 dBm no attenuation is inserted.
Attenuator values are formed from the largest attenuator steps i.e. 24 dB
attenuation is formed from the 20 dB and 4 dB attenuators rather than from

16 dB and 8 dB attenuators (see Table 2). There are separate 32 dB attenuators
for the balanced and unbalanced outputs.

TABLE 2  ATTENUATOR SETTINGS

0/P Level Atten. pads Atten. 0/P Level Atten. pads Atten.

dBm 124816 20 32 dB dBm 1248 16 20 32 dB

10 0000 O O O 0 0 0101 0o 0 O 10

9 1000 0 0 O 1 =1 1101 0 0 O 11

8 0100 O O O 2 =2 0011 0 0 O 12

7 1100 0 O O 3 -3 1011 0 0 O 13

6 0010 0 O O 4 -4 o111 0 0 O 14

5 1010 0 O O 5 -5 I 11 1@ & © 15

4 01 106:.0 0 0 6 -6 0000 1 0 O 16

3 1110 0 0 O 7 -7 1000 1 0 O 17

2 0001 0 0 O 8 -8 0100 1 0 O 18

1 1001 0 O O 9 -9 1100 1 0 O 19
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TABLE 2  ATTENUATOR SETTINGS (continued)

0/P Level Atten. pads Atten. 0/P Level Atten. pads Atten.
dBm 124816 20 32 dB dBm 124816 20 32 dB
-10 0 00110 --0-—-1" -0 20 =40 0100 1 0 1 50
=11 IS0RE%0. O 1 0 21 =41 1100 1 0 1 51
~-12 O 1-00==0 1 0 22 ~42 00,00 0 1 1 52
=3 1105029 - 1% .0 23 =43 -0 000 =0 1 1 53
=1 6010 0 % © 24 =44 0100601 1 54
=15 10106.0 1 0 25 =45 1,108 & 1 1 55
=16 01100 1° 0 26 -46 0-0 1.8 01 1 56
-17 1110 0 1 O 27 -47 B0 1.0 0% 1 | 57
-18 00 01-QG 1 0 28 -48 0110 0 1 1 58
-19 L 070 =0 1+ 0 29 =49 1110 0.1 1 59
=20 0101 0 1.0 30 =50 0001 O 1 1 60
-21 1 1 0l ~g a2 0 31 =51 L0 R 0 [ I 0] e R | 61
-22 0000 ¢ 0 1 32 =52 04701 o3 62
-23 1 800 @ 0: 1 33 -53 1 10 3 B s 1 63
-24 0100 O O 1 34 =54 -0 1 3 0.1 1 64
=25 I'1 00 @ 0 1 35 =55 "0 11 8 1 1 65
=26 0010 0 0 1 36 -56 o111 0 1 1 66
=27 1,0 0 0 0¥ 1 2l =57 | S RN P I o e [ 67
-28 a1a0e -0 051 38 -58 ooee F 1 1 68
=29 L. 1 % O 09 Q. 1 39 -59 1@69@ 1 1 1 69
-30 0001 O @ 1 40 -60 0100 1 1 1 70
=31 1 @ Q1 0y 1 41 -61 I 13006 T 1.1 71
-32 0101 8 -0, 42 =62 0010 1 1 1 72
=33 1S A 0 IO R & i 43 -63 1 @10 1 1 1 73
=34 L6080 & IS Y R © JRET @ i | L4 —64 QEE T -1 1 74
=35 101 L Q1 45 -65 1R I G T I (R 75
-36 0 0 B O il | 46 -66 00T 1 a4 i 76
-37 [ R [ P B o R 47 -67 Fo:01 1 1 .1 77
-38 0000 1 0 1 48 -68 cirot1 1 1 1 78
=39 1 Q@901 @ 1 49 -69 L A O S R [ | 79

~70 et 1 1 1 80

FAULT FINDING

17. The fault finding tables which follow provide a systematic procedure for
localizing faults to board level or to comparatively small groups of components.
Fig. 4 summarizes the fault finding procedure. Start at Table A and observe
the display while carrying out the steps in the table. This should indicate
the fault in one of three probable areas each of which is checked by means of
tables. These areas are control unit (entered via Table B), local oscillator
unit (Table I) and r.f. unit (Tables D and F). The local oscillator and r.f.
units are covered in detail by secondary tables. Those for the local oscil-
lator check the three phase locked loops (Tables J to L) while the r.f. unit
tables check the signal source and attenuators and work towards the output
(Tables D to H). Following this procedure the fault may be traced to com-
ponent level using the board checks detailed under 'Board Testing'.

Chap. 5

May 80 Page 9




H 52356-900D

TABLE A

GENERAL

TABLE B

TABLE F

TABLE

a's
CONTROL UNIT

TABLE 1

TABLE J TABLE K TABLE L

TPC&10)

—
LOCAL OSCILLATOR UNIT

Fig. 4 Fault finding procedure surmary
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H 52356-900D

TABLE A  FAULT FINDING - GENERAL

0l.

0z,

03.

04.

05.

06.

07

08.

15

16.

Set supply switch to . If display does not light up go to Table B.
Select SLM CONTROL OFF, KEYBOARD, dBm and OUTPUT SEND. Check that no
loads are connected to 10 MHz STD EXT IN or 30-50 MHz IN sockets.
Check OUTPUT socket for 1 MHz. If not, go to Table I.

Display should read -70.0 dBm, 1000.00 kHz. If not, go to Table C.
If EXT LEVELLING HIGH or LOW lamps are 1lit go to Table D.

Select 75 Q output impedance. If level from OUTPUT socket is not
2.45 V p-p go to 10.

Select KEYBOARD + FINE. Adjust FINE LEVELcontrol to indicate f.s.d.
on meter, If level at OUTPUT socket varies by 1.1 dB go to Table F.

If AA4, 22 changes #7.5 V as FINE LEVEL control is varied there is a
fault on AA4,

Check AA4, 26/27 for +7.5 V and AA4, 30/31 for -7.5 V. 1If not, go to
Table B.

FINE LEVEL potentiometer is faulty.
If AA3, 6 is not at +10 dBm go to Table D.

If AA7, 32 is not at +10 dBm there is a fault on AA7 (or with data
input to board).

. If AA6, 6 is not at +10 dBm there is a fault on AA6 (or with data input

to board).

If AA5, 32 is at +10 dBm there is a fault on AA8 (or with data input to
board).

Press ENTER and check AA5, 17 for positive-going +7.5 V pulse. If not,
data input to AA6 is faulty or there is a fault on AA6 (check power
supplies, ICI, TR5, TR6).

There is a fault on AA5 (check power supplies, RLA, RLB).

If fault is still unidentified return instrument to Marconi Instruments
Service Division.

May 80
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TABLE B FAULT FINDING - POWER SUPPLY

Page 12

01. Check supply fuses,
02. If voltage on AB8, +12 V tag is +12 V #0.6 V go to 10.
03. If voltage on ABll, PLA contact 11 is +28 V nominal there is a fault
on ABIZ2.
04. If voltage on ABll, PLA contact 7 is +28 V nominal, replace ABI1 FSI,
05. If voltage on ABll, tag 2 is 22 V a.c. rectifier circuit is faulty.
06. Either wiring or mains transformer is faulty.
10. If voltage on AB8 -12 V tag is —11.4 V go to 20.
11. If voltage on AB15 tag 10 is -12 V, AB15 D5 is faulty.
12, If voltage on ABIl, PLA contact 8 is -28 V nominal there is a fault
on ABI2,
13. If voltage on ABIl, tag 5 is —28 V nominal, replace ABIl FS2,
14, If voltage on ABlIl, tag 1 is 22 V a.c. rectifier circuit is faulty.
15. Wiring or supply transformer is faulty.
20. If voltage on AB8, +7.5 V tag is +7.5 V #0.02 V go to 25.
21. ABIl is faulty or there is a short on +7.5 V supply rail.
25. If voltage on AB8, -7.5 V tag is -7.5 V #0.04 V go to 30.
26. ABl is faulty or there is a short on -7.5 V supply rail.
30. If voltage on AB8, +5 V tag is 45 V #0.25 V go to 35.
31. AB15 is faulty or there is a short on +5 V rail.
35. If voltage on AB8, -5 V tag is -5 V £0.25 V go to 40.
36. AB15 is faulty or there is a short on =5 V rail.
40. If voltage on AB8, tag 13 is +5 V #0.25 V go to 45.
41, AB15 is faulty or there is a short on +5 V (GPIB) rail.
45. If battery selection is not needed go to Table C.
46, Connect 62 Q 12 W resistor across + and — battery connections with
centre—tap open circuit.
47. If measured voltage is not 27 V *20%, ABl11 trickle charger section
is faulty.
48. Set SUPPLY selector to CHARGE.
49, Check that CHARGE lamp lights.
50. If measured voltage is not 27 V #207% ABIl charge section is faulty.
51. Set SUPPLY selector to OFF and disconnect resistor.
52, Switch SUPPLY to ON and go to Table C.
Chap. 5
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TABLE ¢  FAULT FINDING - PROCESSOR/FRONT PANEL

(1.
02.

03.

04.

05.
06.

07.

10.

1 18

12
13.

Check AB2, 29 for processor clock waveform. If not go to 10.

Check AB2, 31 for SYNC waveform (see Fig. 5). If not, IC2 is
probably faulty.

Check AB8 tags 26, 27, 29, 30 for 'random' data at #7.5 V when ENTER is
pressed. If levels incorrect, remove AA4 to AAIO in turn until fault
found. If not, AB2 faulty (probably IC7).

Check AB8 ROM 0O OUT tags 9, 10, 16 and 17 for 'random' data switching
between +7.5 V and -7.5 V. If not present, there is a fault on AB2
(probably 1IC9).

Check that 24-way lead from AB8, SKB to front panel is firmly plugged in.

If display still does not light up, then fault lies in front panel cir-
cuits i.e. AB9, ABI10.

Monitor AB8, tag 29 using oscilloscope. Press ENTER and CLEAR alter-
nately. Waveform should alter each time either key is pressed. If
yes, keyboard is being 'read' and fault lies in display section. If
no, address decoder/latch circuits are probably faulty.

If AB2, B11/B12 is not at +7.5 V there is a fault on AB20, AB2 or AB3.
Remove AB2/AB3 and recheck.

If AB2, B7/B8 is not at -7.5 V there is a fault on AB20, AB2Z or AB3.
Remove AB2/AB3 and recheck.

There is a fault on AB2 (probably ICl).

If fault is still unidentified return instrument to Marconi Instruments
Service Division.

C TN
S ninininialaipinin]

Sync
TPRLOS)

Fig. 5 Microprocessor timing

Chap. 5
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TABLE D  FAULT FINDING — RF

01, If AAl, 32 is not at 30.1 MHz, -10 dBm *2 dB into 50 Q go to 05.
02. 1If AAll, 12 is not at 10 MHz, -14 dBm *2 dB into 50 Q there is a
fault on AD1 (check power supplies, TR6).
03. Go to 10.
05. If AAl, 4 is at +7.3 V #0.2 V go to Table I.
06. There is a fault on AAl (check power supplies, TR1, TR2, TR3).
10, Switch EXT LEVELLING ON with no comnnection to EXT LEVELLING socket.
11. If FINE LEVEL control can be adjusted to give 0 V on AAll, 2 go to I5.
12. If AA4, 22 changes 7.5 V at FINE LEVEL control is varied there is a
fault on AA4.
13. If #7.5 V supplies are correct FINE LEVEL potentiometer is faulty.
15. With AAIl, 2 at O V is AAll, 7 at 30 MHz, -22 dBm +1 dB? If not,
go to 20.
16. If AAl, 6 is not at -28 dBm *1 dB into 50 2 there is a fault on AAl.
17. 1If AA2, 32 is not at -8 dBm *! dB into 75 § there is a fault on AA2.
18. Go to Table E.
20. TIf AAll, I is at =7.5 V there is a fault on AAll.
21. Data input to AA6 is faulty or there is a fault on AA6 (check power
supplies, IC2).
22, If fault is still unidentified return instrument to Marconi Instruments
Service Division.
TABLE E  FAULT FINDING - ALC
01, Select KEYBOARD and switch EXT LEVELLING off.
02. TIf AA3, 28 is not at -1.05 V 0.1 V go to 05.
03. 1If AA3, 21 is at -7.5 V there is a fault on AA3.
04. Data input to AA6 is faulty or there is a fault on AA6 (check power
supplies, IC2).
05. If AA12, 21 is at O V there is a fault on AAl2.
06. If AA4, 22 changes *7.5 V as FINE LEVEL control is varied there is a
fault on AA4.
07. 1If +7.5 V supplies are correct FINE LEVEL potentiometer is faulty.
08. If fault is still unidentified return instrument to Marconi Instruments
Service Division.
Chap. 5
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H 52356-900D

TABLE F  FAULT FINDING - ATTENUATORS

01.

02.

03.

04.

05.

12,

135

Check for operation of 0.1, 0.2, 0.4 and 0.8 dB attenuator steps.
If not, data input to AAl2 is faulty or there is a fault on AAI2
(check ICl1, IC3, IC4).

Check for operation of 1, 2, 4 and 8 dB attenuator steps. If not,
data input to AA7 is faulty or there is a fault on AA7.

Check for operation of 16 and 20 dB attenuator steps. If not, data
input to AA6 is faulty or there is a fault on AA6.

If 32 dB attenuator step operates go to 10.

With 32 dB attenuator step selected check AA5, 17 for +7.5 V 6 ms pulse
each time ENTER is pressed. Select 32 dB attenuator step out and

check AA5, 17 for -7.5 V 6 ms pulse each time ENTER is pressed. If not,
data input to AA6 is faulty or AA6 is faulty (check TR5, TR6, ICl).

There is a fault on AA5 (check RLA, RLB).

Enter 0 dBm on keyboard.

Check at OUTPUT socket for 0.632 V pk-pk across 50 { load when 50 @
impedance selected, and for 0.693 V pk-pk across 60 § when 60

impedance selected. If so go to Table G.

Data input to AA8 is faulty or there is a fault on AA8 (check ICI,
TR1, TR2, TR3, RLA, RLB, RLC).

If fault is still unidentified return instrument to Marconi Instruments
Service Division.

Chap. 5
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TABLE G  FAULT FINDING - BALANCED OUTPUT

01. Select 150 2 impedance. Load BALANCED OUTPUT socket with 150 & and
check for 1.095 V pk—pk. Ef g0, go to 104

02. Check AA9, 6 for 775 mV pk-pk. If so, data input to AA8 is faulty
or there is a fault on AA8 (check ICl, TR3, RLD).

03. Check AAlO0, 17 for 6.9 V pk-pk. If so, data input to AAlO is faulty
or there is a fault on AAIO.

04. Check AA9, 21 for 6.9 V pk—pk. If so, data input to AA8 is faulty
or there is a fault on AA8 (check ICl1, TR4, RLE).

05. Data input to AA9 is faulty or there is a fault on AA9.

10. Select in turn 135 Q, 124 Q and O Q balanced impedances and load
BALANCED OUTPUT socket with 135 @, 124 Q and 150 Q respectively.
Check for 1.039 V, 0.996 V and 1.095 V respectively. TE not,
data input to AAIO is faulty or AAIO is faulty.

11. If, with balanced impedance selected, 32 dB attenuator step operates
go to 15

12, With 32 dB attenuator step selected, check AAIO, 21 for +7.5 V 6 ms
pulse each time ENTER is pressed. Select 32 dB attenuator step out
and check AAlO, 21 for -7.5 V 6 ms pulse each time ENTER is pressed.
If not, data input to AA6 is faulty or AA6 is faulty (check ICl).

13. There is a fault on AAIO (check TR2, TR5, RLA).

15. Select 0 2 unbalanced impedance. Load OUTPUT socket with 75 @
load and check for 775 mV pk-pk. If so, go to Table H.

16. Data input to AA8 is faulty or there is a fault on AA8 (check ICI,
TR4, RLE).

17. If fault is still unidentified return instrument to Marconi Instruments
Service Division.

TABLE H  FAULT FINDING — OUTPUT DISABLE

01. Select O dBm and 75 § output impedance.

02. Check at OUTPUT socket that level drops by at least 60 dB when OUTPUT
OFF is selected. If so, go to 12.

03. If, with OUTPUT OFF selected, level at AAll, 2 is less than -6.5 V go to 10.

04. If, with OUTPUT OFF selected, AA3, 21 is at +7.5 V there is a fault on
AA3 (check D5).

05. Data input to AA6 is faulty or there is a fault on AA6 (check IC2).

10. If, with OUTPUT OFF selected, AAll, 1 is at +7.5 V there is a fault on
AA1l1 (check ICl, TR3, DI).

11. Data input to AA6 is faulty or there is a fault on AA6 (check IC2).

12. If fault is still unidentified return instrument to Marconi Instruments
Service Division.

Chap. 5
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TABLE I

FAULT FINDING — SYNTHESIZER

H 52356-900D

ot.

02,

03.

04.

05.

06.

07.

08.

Set instrument to 1 MHz and measure frequency on AD4, TPI.

not 12 MHz go to Table J.

Increment in 5 Hz steps from 1 MHz to 1.009995 MHz.

not increment from 12 MHz in 500 Hz steps go to Table J.

Set instrument to frequencies
listed. If frequencies on AD4,1
are not as shown there is a fault
on AD4.

Set instrument to frequencies
listed. If frequencies on AD6,21
are not as shown go to Table K.

Set instrument to frequencies
listed. If frequencies on AD6,37
are not as shown there is a fault
on AD6.

Set instrument to frequencies
listed. If frequencies at AD8,12
are not as shown go to Table L.

If this is

If AD4, TPl does

Instrument AD4 Contact 1
1 MHz {171.2 Hz

2 MHz 752 Hz

5 MHz 688.07 Hz
15 MHz 534.76 Hz
19.999995 MHz 521.3 Hz

Instrument ADE Contact 21
1 MH=z 2.007772 MHz
2 MHz 2.00752 MHz
5 MHz 2.0068807 MHz
15 MHz 2.0053476 MHz
19.999995 MH=z 2.005213 MHz
Instrument AD6 Contact 37
1 MHz 10.0389 kHz
2 MHz 10.0376 kHz
5 MHz 10.0344 kHz
15 MHz 10.0267 kHz
19.999995 MHz 10.0261 kHz
Instrument AD8 Contact 12
1 MHz 31 MHz
2 MHz 32 MH=z
5 MHz 35 MHz
15 MHz 45 MHz
19.999995 MHz 49,999995 MHz

Tune instrument over entire frequency range and if level on AD8, | is not
-10 dBm *2 dBm there is a fault on ADS.

If fault is still unidentified return instrument to Marconi Instruments

Service Division.

May 80
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H 52356-900D

TABLE J  FAULT FINDING - INTERPOLATION LOOP

01. Measure signal on AD3, 17. If it is not —10 dBm at 10 MHz there is a
fault on ADI.

02. Measure frequency on AD2, 6. If it is not 200 kHz 7.5 V there is a
fault on ADI.

03. Set instrument to 1.005 MHz and examine signal on AD2, TP4. Lt a8 &a
-5V to +3 V ramp at 500 Hz go to 10.

04. Examine signal on AD2, IC3 pin 9. If it is a 500 Hz pulse train at 1:9
mark/space ratio ramp generator IC4 operation is faulty.

05. The operation of divider ICl, IC2 or IC3 is faulty.

10. Examine signal on AD2, 1. If it is a 500 Hz train of 0.5 us pulses go
to 20.

11. Examine signal on AD3, TP3. If it is a 2 to 3 MHz square wave divider
IC4 operation is faulty or there is a fault on ADIO.

12, Examine signal on AD4, 21. If it is a 12 to 13 MHz signal at —-10 dBm
go to 15.

13. Remove AD3 and connect AD4, 37 to earth. If a 13 MHz signal is not
present on AD4 TR2 emitter, the v.c.o. operation is faulty.

14, Buffer TR3 is faulty.

15. Examine signal on AD3, tag 6. If it is not 0 dBm at 2 to 3 MHz mixer
operation is faulty.

16, Amplifier TR2 operation is faulty.

20. Examine signal on AD2, TP5 and TP6. If 120 ps sampling pulses are not
present pulse generator operation is faulty.

21. If sampling pulses separated by 200 us occur regularly and during ramp
rise time go to 30.

22. Check ADIO latched outputs.

23. Examine d.c. on AD2, 37. If level is fixed there is a fault with IC5 or
TR9 of phase detector.

24, Examine d.c. on AD3, 37. If level is fixed there is a fault with D/A
conversion and summation with error voltage.

25. There is a fault with AD4 v.c.o. operation.

30. Increment instrument from 1 MHz in 5 Hz steps to 1.009995 MHz. If fre-
quency at AD4, TPl does not increment from 12 MHz in 500 Hz steps to
12.9995 MHz repeat 10 and subsequent steps at the faulty frequency.

Chap. 5
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H 52356-900D

TABLE J  FAULT FINDING - INTERPOLATION LOOP (contd.)

31. Set instrument to frequencies Instrument AD4 Contact 1
listed. If frequencies on AD4 1 MHz 777.2 Hz
contact 1 are not as shown there 2 MHz 752 Hz
is a fault with dividers ICl and 5 MHz 688.07 Hz
IC3 operation. 15 MHz 534.76 Hz

19.999995 MHz 521.3: H=z

32, If fault is still unidentified return instrument to Marconi Instruments
Service Division.

TABLE K  FAULT FINDING - TRANSLATION LOOP

01. Set instrument to frequencies Instrument ADS5 Contaet 1
listed. If frequencies on AD5,1 1 MHz 777.2 Bz
are not as shown go to Table J. 2 MHz 752.82 Hz

5 MHz 688.07 Hz
15 MHz 534.76 Hz
19.999995 MHz 5213 Hz

02. Measure frequency on AD5, 37. If it is not 2 MHz 0.1 V pk-pk there is a
fault on ADI.

03. Examine signals on AD5, 1 and IC4 pin 11. If signals are in lock go to
15,

04. Remove AD5. Apply voltages Contact IC1 pin 1
listed to AD6, 6 and 9. If 6 9 (levels 0.8 V & 2 V)
frequencies on ICI pin 1 are -7V =7.5V |10.0225 MHz
not as shown there is a fault 0V =7.5%V 10.032 MHz :} +2.5 KkHe
either with AD6 v.c.x.o0. or +4 V  +7.5V | 10.045 MHz
with AD5 v.c.x.0. switching
circuit.

05. Measure frequency on AD6, 21 with AD5 replaced. If it is not approx.

2 MHz divide by five ICl is faulty.

06. Disconnect link between AD5, 17 and AD6, 6. Set instrument to 8 MHz and
AD6, 6 to 0 V. If AD5, IC3 pin 14 is not at approx. 6.5 kHz +7.5 V mixer
or low-pass filter is faulty.

07. If AD6, TPl is not at approx. 650 Hz with link removed and AD6, 6 at O V,
divider IC3 is faulty.

08. Remove board AD4 and connect AD5, IC4 pin 3 to pin 1l1. With link removed
and AD6, 6 at O V check for positive voltage spikes at approx. 650 Hz on
IC5 pin 6. If not present IC4 or IC5 is faulty. Disconnect pin 3 from
pin 11, Reconnect link.

09. With AD4 removed and contact 1 disconnected, check that TR2 is off and
TR4 is on. If not, TR2Z or TR4 switching operation is faulty.

10. With AD4 removed and contact 1 disconnected, check that contact 17 is at

May 80

0 V. If not there is a fault with charge pump operation of TR3 or TR5.
Replace board AD4.
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H 52356-900D

TABLE K  FAULT FINDING - TRANSLATION LOOP (contd.)

15. Set instrument to 7.12 MHz and check AD5, 6 is at -7.5 V. If not, there
is a v.c.x.0. switching circuit fault.
16. Decrement instrument frequency by 5 Hz and check AD5, 6 is at +7.5 V.
If not, there is a v.c.x.o0. switching circuit fault.
17. Set instrument to the frequencies Instrument IC1 pin 12
listed. If frequencies on AD6, 1 MHz 1.00389 MHz
IC! pin 12 are not as shown ICI 2 MHz 1.00376 MHz
operation is faulty. 5 MHz 1.00344 MHz
15 MHz 1.00267 MHz
19.999995 MHz 1.00261 MHz
18. Set instrument to frequencies Instrument AD6 Contact 37
listed. If frequencies on 1 MH=z 10.0389 MH=z
AD6, 37 are not as shown AD6, 2 MHz 10.0376 MHz
IC2 or IC3 is faulty. 5 MHz 10.0344 MHz
15 MHz 10.0267 MHz
19.999995 MH=z 10.0261 MH=z
19. If the fault is still unidentified return instrument to Marconi Instruments
Service Division.
TABLE L FAULT FINDING - OUTPUT LOOP
01. Set instrument to frequencies Instrument AD9 Contact 7
listed. If frequencies on 1 MHz 10.0389 kHz
AD9,7 are not as shown go to 2 MHz 10.0376 kHz
Table K. 5 MHz 10.0344 kHz
15 MH=z 10.0267 kHz
19.999995 MH=z 10.0261 kHz
02. If pulse train on AD9, 1 is locked with that on contact 7 go to 50.
03. Check AD8, 4 for +7.5 V. If not, TR1, TR2 or TR3 on AAl is faulty.
04. Disconnect AD8 input connector and set input to 0 V. If 39.5 MHz +1 MHz
1 V pk-pk is not present on TR2 emitter, v.c.o. operation is faulty.
05. If AD8, 12 is not at 39.5 MHz +1 MHz and -10 dBm, output buffer TR3 is
faulty.
06. Set instrument to 10 MHz and check AD7, 32. If 0.5 us pulses present at
approx. 10 kHz go to 30.
10. Check for e.c.l. threshold voltages of -1.1 V and -1.5 V on AD7, ICI pin 1.
If levels incorrect, there is a fault with TRl or TR2.
11. Set instrument to frequencies Instrument AD?7 Contact 1
listed. If frequencies on 6 kHz 30.006 MH=z
AD7,1 are as shown go to 55. 6.89 MHz 36.89 MHz
9.99 MH=z 39.99 MHz
10.12 MHz 40,12 MHz
10.31 MHz 40.31 MHz
Chap. 5
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H 52356-900D

TABLE L, FAULT FINDING - OUTPUT LOOP (contd.)

13.

14,

155

16.

{76

22.

23

24,

25.

26.

2F

28,

29,

30.

31,

32,

. Set instrument to 10.12 MHz. If AD7, TP2 is not at v.c.o. frequency %20

at 7.5 V then ICl1 or IC2 divider operation is faulty.
Check AD7, TP6. If not permanently high go to 20.

If clock input to AD7, ICIl1 pin 11 is not present IC6 gating operation is
faulty.

If AD7, ICII pin 9 is low IC11 is faulty.
If AD7, IC9 pin 13 is low IC9 is faulty.
Presettable divider IC4 or IC5 reload operation is faulty.

Check that AD7, TP3 is at v.c.o. frequency #20 at *7.5 V. If not,
IC6bec or IC6d is faulty.

Check that AD7, TP4 is at v.c.o. frequency =100. If not, divide by 5
operation is faulty.

Check that AD7, IC4 pin 12 is at v.c.o. frequency +4000. If not, IC4
or IC5 divider operation is faulty.

Check that AD7, TP5 is at v.c.o. frequency +4000. If not, IC9d or ICllb
is faulty.

Check that AD7, IC3 pin 12 is at v.c.o. frequency *4000. If not, IC3 or
IC11b is faulty.

Check for 0.5 us negative pulses on AD7, IC3 pin 4. If not, IC10b or
IC7 is faulty.

Change instrument frequency to 10.31 MHz and check AD7, IC3 pin 4 for
negative pulses whose widths equate to 19 TP2 pulses (i.e. approx. 10 us).

Check for ome clock period delay (approx. 0.5 us) between negative pulses
on AD7, IC3 pin 4 and TRI. If not, ICl0a operation is faulty.

Check for 1:1 mark/space ratio pulses on AD7, ICl pin 3. If not, IC2
operation is faulty.

Set instrument to 10.14 MHz. Check that when AD7, TPl goes low, widths
of following first two pulses on TP2 are greater than remaining pulses.

Reconnect AD8 input connector. Check for high set pulses on AD9, IC2
pin 3. If present go to 35.

Check that AD9, ICl1 pins 1 and 13 are clocked low. If not, ICl is faulty.
IC2 is faulty on AD9.

Remove board AD7. Check that AD9, ICl1 pins 1 and 12 are high. If not,
there is a fault on ICI.

. Check that AD9, IC3b is on and TRl is off. If not, switch operation is

faulty.
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TABLE L  FAULT FINDING - OUTPUT LOOP (eontd.)

37. Check for +7.5 V at AD9, d.c. output plug. If not, current mirror
operation is faulty. Replace AD7.

38. Remove board AD6. Check that AD9, ICl pins | and 12 are low. If not,
there is a fault on ICI.

39, Check that AD9, TRl is on and IC3b is off. If not, switch operation is
faulty.

40. Check for -7.5 V at AD9 d.c. output plug. If not, current mirror
operation is faulty.

41. Check for +7.5 V at AD9, 12, If not, out of lock indicator operation is
faulty.

42. Connect AD9, 1 and 7 together. Check for a low with positive—going
spikes on ICl pin 12, and a high with negative-going spikes on ICl pin 1.
If not, ICl or IC2a is faulty.

43. Check that AD9, IC3b and TRl are both off. If not, switch operation is
faulty.

44, Check for 0 V at AD9 d.c. output plug. If not, current mirror operation
is faulty.

45, Check for -7.5 V at AD9, 12. If not out of lock indicator operation is
faulty. Remove connection between contacts 1 and 7. Replace board AD6.

50. Set instrument to 0.1 kHz and check AD8, 12 is at 30.0001 MHz, -10 dBm
+2 dBm. If not, AD8 v.c.o. operation is faulty.

55. Set instrument to frequencies Instrument AD8 Contact 12
listed. If frequencies at 1 MHz 31 MHz
AD8, 12 are not as shown, suspect 2 MHz 32 MHz
AD8 v.c.o. operation for errors 5 MHz 35 MHz
at frequency limits, otherwise 15 MHz 45 MHz
suspect AD7 division error and 19.999995 MHz 49.,999995 MHz

return to 10.

56. If frequencies at AD8, 12 are at a fixed offset other than 30 MHz there
is a fault on board ADIO.

57. Check AAIl, 12 for 10 MHz, -10 dBm into 50 f. If not, there is a fault
on ADI,

58. If fault is still unidentified return instrument to Marconi Instruments
Service Division.
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BOARD TESTING

18. The board tests which follow may be used for fault finding to component
level as well as being used to ensure correct board operation following repair
or replacement. When testing at board level note that the various tests are
carried out sequentially. This often means that test equipment and instru-
ment settings for the second and subsequent tests in a sequence are dependent
upon those used for the first test in the sequence.

19. Tables 3 to 5, which are intended for use with Figs. 1 to 3, summarize
the board tests which are associated with the various adjustment points.
Adjustment points shown in the tables but not in the figs. are normally only
adjustable following board unit removal. Note however, that in the majority
of cases adjustment should only be necessary following component replacement.
Adjustments may then be made in accordance with the details given under the
appropriate board headings.

TABLE 3  RF UNIT ASSEMBLY ADJUSTMENT GUIDE

Adjustment Board Component
30 MHz buffer AAl L1
20 MHz l.p. filter alignment AAl L2,L3,L4
31.1 MHz rejection AA2 L1
46.1 MHz rejection AA2 L2
RF gain AA3 R&42
Amplifier frequency response AA3 L3
Level comparators AA3 R30,R31
Levelled frequency response iﬁ?Z g;g
RF level AAL R26
AAS5 L1,12
Output return loss AAB L1,L2
AAB L1
Balanced output accuracy AA9 R16
Output level AATI L1,L2
Output level accuracy AA12 R35
Fine level AA12 R24

Note...

Refer to relevant procedures detailed under board headings
before attempting any adjustment.
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TABLE 4  CONTROL UNIT ASSEMBLY ADJUSTMENT GUIDE

Adgjustment Board Component
Voltage regulation AB1 R8
Current limiting AB1 R5,R14
Timing AB4 R2
Ramp generation AB13 R29

Note...

Refer to relevant procedures detailed under
board headings before attempting any adjustment.

TABLE 5  LOCAL OSCILLATOR UNIT ADJUSTMENT GUIDE

Adjustment Board Component
Frequency multiplier output level AAL1 L1 L2
TCX0 frequency AD1 C3,C26
LP filter rejection AD3 L.l ;12
Mixer input level AD3 1.3
D/A conversion AD3 R25,R26,R27
Ramp settling time AD3 R26,R27
Oscillator frequency AD4 Tl
30-50 MHz v.c.o. AD8 Ll

Note...

Refer to relevant procedures detailed under board headings

before attempting any adjustment.

AAl - Mixer board

Test equipment : Items a, e and g.

Checking switching

20. The operation of electronic switches TR1, TR2 and TR3 controlling the
+7.5 V supply to AD8 is checked as follows:-—

(1) Connect a } W resistor of less than 10 kQ between AAl, 36 and 37

(or to 30-50 MHz IN socket on rear panel).

(2) Remove resistor and check AAl, 21 for +7.5 V.

Chap. 5
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Check for 0 V on AAl, 21.

Disconnect meter.
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Checking limiter and mizer drive

21. Check the operation of limiter and mixer drive amplifiers TR4 to TR8 as
follows:—

(1) Set analyser controls :

REFERENCE FREQUENCY : CENTRE 10 MHz

HORIZONTAL SCALE : 2 MHz/div.
VERTICAL SCALE RANGE : 1 dB/div.
VERTICAL SCALE : =25 dBm
FILTER BANDWIDTH :  NORMAL
SWEEP MODE :  SINGLE
STORE : REFRESH A
DISPLAY : A&B

(2) Connect analyser STD 10 MHz socket to its INPUT socket via probe
fitted with x10 multiplier. Press analyser START button and read one
sweep into STORE A as reference.

(3) Transfer probe to AAl, TP2,

(4) Enter 10 MHz on sender keyboard. Set analyser REFERENCE FREQUENCY
to CENTRE 40 MHz and select REFRESH B.

(5) Press analyser START button, and adjusting VERTICAL SCALE as neces—
sary, check that level is +12 dBm #1 dB i.e. 22 dB above reference.
If not, check limiter output.

(6) Check that level is within *1 dB between 200 Hz and 20 MHz.
If not, check limiter output.

Checking limiter output

22, 1If levels in (5) and (6) above are incorrect, check limiter TR5 and TR6
as follows:—

(1) Remove Cll and transfer probe to junction of CIl1 and RI7 (do not
use TPl since capacitive loading may affect the measurement).

(2) Press analyser START button and check that level is -11 dBm *1 dB
i.e. 1 dB below stored reference.

(3) Check that level is within *0.5 dB between 200 Hz and 20 MHz.
Disconnect analyser and probe.

Adjusting 30 MHz buffer

23. This may be necessary following component replacement. Proceed as
follows:—

(1) Select EXT LEVELLING ON and set FINE LEVEL control to centre of
range. Observe sender meter and adjust L1 for maximum indicated out-
put level. Switch EXT LEVELLING off.

Chap. 5
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Checking output filter

24. The 20 MHz low-pass filter and high-pass termination are factory set and
should normally not require further adjustment. Following component replace-
ment however, it may be necessary to make adjustments (mote that power is not
required for setting up the filter). Proceed as follows:-—

(1) Remove link between AAl, TP5 and TP6.
(2) Set analyser controls :

REFERENCE FREQUENCY CENTRE 33.4 MHz

HORIZONTAL SCALE : 2 MHz/div.
VERTICAL SCALE RANGE : 10 dB/div.
VERTICAL SCALE : -5 dBm
FILTER BANDWIDTH : NORMAL
SWEEP MODE : AUTO
DISPLAY $ A& B

(3) Connect analyser TRACKING GENERATOR socket to AAl, TP6 (earth to
TP4) . Connect AAl, 6 via probe to analyser INPUT socket.

(4) Check for notch at 33.4 MHz. If not, adjust L4.
(5) Transfer probe to AAl, TP3.
(6) Reset analyser controls :

CENTRE 40 MHz
0.5 MHz/div.

REFERENCE FREQUENCY
HORIZONTAL SCALE

we ®¢ ss se ws

VERTICAL SCALE RANGE 1 dB/div.
VERTICAL SCALE -10 dBm
SWEEP MODE SINGLE
STORE : REFRESH A
DISPLAY : A

(7) Press analyser START button and read one sweep into STORE A as
reference.

(8) Reset REFERENCE FREQUENCY to CENTRE 24 MHz. Select REFRESH B
and DISPLAY B. Press analyser START button and check that level at
24 MHz is 6 dB 0.5 dB below level at 40 MHz. If not, adjust L2.

(9) Remove probe and recomnect analyser INPUT socket to AAl, 6.

(10) Select REFRESH A and DISPLAY A. Set REFERENCE FREQUENCY to
CENTRE 10 MHz. Press analyser START button and check that level at
24 MHz is 6 dB +0.5 dB below that at 10 MHz. If not, adjust L3.
Disconnect analyser and reconnect link.
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Checking pass band response

25. The pass band response may be checked as follows:-

(1) Set analyser controls

REFERENCE FREQUENCY
HORIZONTAL SCALE
VERTICAL SCALE RANGE
VERTICAL SCALE
FILTER BANDWIDTH
SWEEP MODE

DISPLAY

.
.

CENTRE 30 MHz
2 MHz/div.
1 dB/div.

=15 dBm
NORMAL
AUTO

HIGH DEFN

H 52356-900D

(2) Connect analyser INPUT socket via probe to AAl, 17. Select EXT
LEVELLING ON and adjust FINE LEVEL control until analyser shows —-22 dBm.

(3) Transfer probe to AAl, 6.
conform. Check that levels agree with those shown:-—

Frequency

6 kHz
100 kHz
1 MHz
5 MHz
10 MHz
15 MHz

Enter frequencies listed below in turn
on sender keyboard, each time adjusting analyser reference frequency to

Output level

-28
-28
-28
-28
-28
-28

19.99999 MHz -28

Disconnect analyser and probe.

AA2 - Low-pass filter and amplifier board

Test equipment : items a, b and e.

Checking amplifier

dBm
dBm
dBm
dBm
dBm
dBm
dBm

e
+
)
2
+
i
+

1

dB

1 dB
1 dB

1

dB

1 dB
1 dB
1 dB

26. The power amplifier gain and response may be checked as follows:-

(1) Set analyser controls

REFERENCE FREQUENCY

CENTRE 10 MH=z

HORIZONTAL SCALE : 2 MHz/div.
VERTICAL SCALE RANGE : 1 dB/div.
VERTICAL SCALE : =25 dBm
FILTER BANDWIDTH :  NARROW
SWEEP MODE :  SINGLE
STORE v A
DISPLAY : A& B
(2) Remove board AAl. Disconnect link between AA2, TPl and TP2.

Comnect analyser TRACKING GENERATOR socket to AA2, 6 via attenuator

set to 18 dB attenuation.

May 80
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(3) Connect analyser INPUT socket via probe to AA2, 6. Press analyser
START button and read one sweep into STORE A as reference.

(4) Transfer probe to TPl (earth to TP3). Select REFRESH B. Press
START button and check output level at 10 MHz is 21.6 dB *0.5 dB above
reference (adjusting VERTICAL SCALE as necessary).

(5) Check frequency response is within #0.3 dB from 200 Hz to 20 MHz.
Disconnect probe and reconnect link.

Checking Ll.p. filter

27.

To check the 20 MHz low-pass filter continue as follows:-

(1) Transfer probe to AA2, 32. Check that frequency response is
within +#0.5 dB from 200 Hz to 20 MHz.

(2) Reset analyser controls :

REFERENCE FREQUENCY ¢ CENTRE 31.1 MHz

HORIZONTAL SCALE : 1 MHz/div.
VERTICAL SCALE RANGE : 10 dB/div.
VERTICAL SCALE : 0 dB
SWEEP MODE :+  AUTO

(3) Check for rejection frequency at 31.1 MHz. If not, adjust Ll.
(4) Reset analyser controls

REFERENCE FREQUENCY : CENTRE 46.1 MHz
VERTICAL SCALE : -10 dBm

(5) Check for rejection frequency at 46.1 MHz. If not, adjust L2.

(6) Check that total stop band rejection is greater than -38 dB.
Disconnect probe and analyser. Replace AAl.

AA3 - Power amplifier and a.l.c. detector board

Test equipment : items ¢, f, j and m.

Checking amplifier gain

28. Check amplifier TRl to TR4 gain as follows:-
(1) Select EXT LEVELLING off, KEYBOARD + FINE and enter 10 MHz on
keyboard.
(2) Connect oscilloscope to AA3, 32. Adjust FINE LEVEL control until
AA3, 32 is at 300 mV pk-pk.
(3) Transfer to AA3, 6 and check that level is 2.4 V pk-pk £150 mV.
If not, r.f. gain setting must be adjusted. Discommect oscilloscope.
Chap. 5
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Setting r.f. gain

295

R42 on AA3 compensates for gain variations on AA2 and AA3. To set the

gain continue as follows:-

(1) Adjust FINE LEVEL control to display O dB on sender meter.

(2) Switch EXT LEVELLING ON and adjust R42 for 0 dB on meter.

Checking amplifier frequency response

30.

To check amplifier frequency response continue as follows:-—
(1) Switch EXT LEVELLING ON and enter 1 MHz, —-70 dBm on keyboard.

(2) Connect oscilloscope to AA3, 6. Adjust oscilloscope to display
positive peaks of waveform (using maximum gain) at a convenient reference
level.

(3) Zero instrument meter using FINE LEVEL control.

(4) Enter 19 MHz on keyboard. Adjust FINE LEVEL control to bring dis-
played level to previously selected reference. Note meter reading
(this indicates attenuator response and should be within -0.5 dB and

=1 ARy,

(5) Transfer oscilloscope to AA3, 37. Enter 1 MHz on keyboard and
adjust FINE LEVEL control to zero meter.

(6) Reset displayed level to previously selected reference adjusting
oscilloscope controls as necessary.

(7) Enter 19 MHz on keyboard. Adjust FINE LEVEL control to return
oscilloscope display to previously selected reference.

(8) Check that instrument meter reading is within #0.25 dB of reading
in (4) above. If not, adjust L3.

Checking level comparators

31,

The operation of level comparators IC2 and IC3 may be checked as follows:-

(1) Select KEYBOARD, EXT LEVELLING off and 75 Q output impedance.
Enter 10 MHz, O dBm on keyboard.

(2) Connect oscilloscope with 75  termination to OUTPUT socket.
Adjust oscilloscope to display positive peaks of waveform (using maximum
gain) at a convenient, low, reference level.

(3) Select EXT LEVELLING ON and adjust FINE LEVEL control until dis-
played level is 57 mV (1.2 dB) above reference.

(4) Transfer oscilloscope to AA3, TPl and check for >+5 V and that

EXT LEVELLING HIGH lamp is 1it. If not, adjust R30 until comparator
just trips.
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(5) Connect 1 MQ { W resistor from AA4, 32 to +7.5 V rail to provide
external levelling input.

(6) Switch EXT LEVELLING off. Recomnect oscilloscope to OUTPUT socket
and adjust oscilloscope to display positive peaks of waveform (using
maximum gain) at a convenient, high, reference level.

(7) Switch EXT LEVELLING ON and adjust FINE LEVEL control until display
is 194 mV (6 dB) below reference.

(8) Transfer oscilloscope to AA3, TP2 and check for >+5 V and that EXT
LEVELLING LOW lamp is lit. If not, adjust R31 until comparator just
trips.

(9) Recheck (4) above and, if readjustment is necessary, repeat (4) to
(8). Disconnect oscilloscope.

Checking a.l.c. control voltage and muting
32. The operation of ICl is checked as follows:-

(1) Select KEYBOARD and EXT LEVELLING off.

(2) Comnect d.v.m. to AA3, 28 and check for approx. -1.05 V. Transfer
to AA3, 29 and check for approx. 0 V.

(3) Remove AAll. Check AA3, 29 for -5.7 V approx.

(4) Select OUTPUT OFF and check AA3, 21 for +7.5 V. Transfer to
AA3, 29 and check for approx. +5.8 V. Disconnect d.v.m. and replace
AATL.

Checking levelled frequency response

33. Check the frequency response as follows:-
(1) Select 75 Q output impedance and enter 100 kHz, 0 dBm on keyboard.
(2) Connect milliwatt test set to OUTPUT socket. Select +0.2 dB range.
(3) Check that test set shows 0 dBm. If not, adjust AAl12, R35.
(4) Check that AA4, TP5 is within *1 V.

(5) Enter 19 MHz on keyboard. Check test set for 0 dBm. Tf 1ot ;
adjust AA3, C28.

(6) Check that AA4, TP5 is within 4 V.

(7) Spin manual TUNING control and check that frequency response is
within specification (see Chap. 1) over frequency range. Disconnect
milliwatt test set and voltmeter.
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Resetting level error gain

34,

Following component replacement it may be necessary to change the value

of s.i.c. resistor R46. Proceed as follows:-

(1) Select KEYBOARD + FINE and 75 output impedance. Enter 0 dBm on
keyboard. Connect milliwatt test set in #0.2 dB range to OUTPUT socket.

(2) Adjust FINE LEVEL control for O dBm on milliwatt test set. Connect
d,v.m. to AAl2, TP3 and note voltage as reference.

(3) Adjust FINE LEVEL control until voltage on AAl2, TP3 increases by
1 dB (+0.01 dB).

(4) Check for +1 dB #0.02 dB on milliwatt test set. If not, replace
R46 with resistor of lower value for a positive error, or with resistor
of higher value for a negative error, and repeat (2) to (4). Disconnect
milliwatt test set and d.v.m.

AA4 — ALC controller board

Test equipment : items c and g.

ALC mode selection

35.

ALC mode selection by IC5, IC6 and IC7 is checked as follows:-

(1) Select internal local mode by switching EXT LEVELLING off.
Select KEYBOARD and enter a frequency above 6 kHz.

(2) Refer to Table 6 and check that logic levels on IC5 output pins
conform to those shown for internal local, KEYBOARD above 6 kHz.

(3) Select remaining operating modes shown in Table 6 and check that
logic levels on IC5 are correct.

TABLE 6  ALC MODE SELECTION LOGIC - AA4

Operating mode 7 ISICS pjzs 577
INTERNAL LOCAL, KEYBOARD above 6 kH=z L., H L <L H 6 H
INTERNAL LOCAL, KEYBOARD below 6 kHz L " BUEL S BN
INTERNAL LOCAL, KEYBOARD + FINE above 6 kHz | L H L L H L
INTERNAL LOCAL, KEYBOARD + FINE below 6 kHz L H H L H L
EXTERNAL LOCAL H L L.H ., L L
INTERNAL REMOTE, above 6 kHz L H L L H H
INTERNAL REMOTE, below 6 kHz L H H L H H
EXTERNAL REMOTE H L L L H H

H=+7.5V; L=-7.5V
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(4) Select EXT LEVELLING ON. Refer to Table 7 and check that switch
IC6a is closed by measuring a resistance (typically 100 Q) across IC6,
pins 1 and 2. Switch EXT LEVELLING off and check that pins ! and 2
are open circuit.

(5) Check operation of remainder of switches by means of Table 7.

TABLE 7  BILATERAL SWITCH OPERATION (KEYBOARD selected) - AA4

Switeh | Switeh position when function selected
Ic Closed Open
ba EXT LEVELLING ON EXT LEVELLING off
6b EXT LEVELLING ON EXT LEVELLING off
6c EXT LEVELLING off EXT LEVELLING ON
6d EXT LEVELLING off EXT LEVELLING ON
7Ta EXT LEVELLING ON EXT LEVELLING off
b EXT LEVELLING ON EXT LEVELLING off
e EXT LEVELLING off EXT LEVELLING ON
7d Below 6 kHz Above 6 kHz

Checking amplifier operation

36.

Check the operation of the board amplifiers as follows:-—

(1) Switch EXT LEVELLING off and select KEYBOARD + FINE. Connect
voltmeter to AA4, TPl and check for *7.5 V as FINE LEVEL control is
varied between limits. Transfer to AA4, TP2 and check for #4.2 V

as FINE LEVEL control is varied. This checks operation of FINE LEVEL
CONTROL amplifier ICI.

(2) Connect AA4, TPl by jumper lead to TP6. Using FINE LEVEL control
set +1 V on TP6. Check TP7 for +5 V. Repeat for -1 V on TP6, checking
for =5 V on TP7. This checks operation of EXT LEVELLING amplifier IC4.
Disconnect jumper lead.

(3) Switch EXT LEVELLING ON and check AA4, 37 for +2.5 V as FINE LEVEL
control is varied between limits. This checks operation of LEVEL CON-
TROL amplifier IC3.

(4) Switch EXT LEVELLING off. Adjust FINE LEVEL control to display
+1.1 dB on sender meter (corresponding to —0.25 V on TP3) and check P2
for +3.7 V. Readjust FINE LEVEL control to display —1.1 dB on meter
(corresponding to 0.25 V on TP3) and check TP2 for =33 Vs

Checking r.f. level control

37. To check the level control operation continue as follows:-
(1) Adjust FINE LEVEL control for O dB on sender meter. Switch EXT
LEVELLING ON and check for -28 dBm 50 @ on AAl, 6 (this 1is difficult
with an oscilloscope and may require spectrum analyser and probe) .
If not, adjust R26.
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AA5 - 32 dB programmable attenuator board

Test equipment : None
Checking attenuator operation and frequency response

38. The procedures for checking attenuator operation and frequency response
and adjusting Ll and L2 are included in the checks for board AA6.

AA6 - Programmable attenuator board

Test equipment : items a, c, f, k and n.
Checking attenuator operation

39. Check the operation of the 16 dB and 20 dB attenuators on AA6 and the
32 dB attenuator on AA5 as follows:—

(1) To check bilateral switch ICl operation select +10 dBm, 75
followed by sequence:-

]l MHz & + 1 MHz 1 MHz ENTER =+« - ENTER

(2) Press SLM CONTROL START key. This will cause data to be
continuously clocked into AA6.

(3) Using dual beam oscilloscope trigger from and display positive-
going 6 ms clock pulses on AA6, 10. Connect second channel to ICI
pangiolly 4y 9uand 2 16 tabns Check that IC] outputs are all at 0 V
when clock is low (-7.5 V) and -7.5 V when clock is high (+7.5 V).

(4) Refer to Table 8 first column -and enter levels shown in turn
(changing output impedance when necessary) followed by sequence in
(1) above. Check each time that logic on ICl output pins agrees
with that in table during positive clock pulse period.

TABLE 8  BOARDS AA5 AND AA6 ATTENUATOR SELECTION

Output Keyboard At AA6 IC1 pins | Transistor emitter Junctions
Impedance | entry 17 4 '8 & TR3,4 | TR1,2 | TR5,6
75 @ +10 dBm 0 dB L L L L L L L
75 Q -6 dBm 16 dB H L L L H L L
75 Q -10 dBm 20 dB L H L L L H L
75 @ -22 dBm 32 dB L L H' L L L H
150 @ -22 dBm 32 dB L Is, oala ¢ H L L L

H=+7.5V; L=-7.5V

(5) Transfer oscilloscope to emitter junctions of transistor switches
TRl to TR6 and check that logic levels agree with those in Table 8 as
level is changed on keyboard.
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(6) Reselect +10 dBm and 75 Q output impedance. Connect oscilloscope
to OUTPUT socket terminated with 75 @ and display level at top of screen
as reference.

(7) Enter in turn -6 dBm, -10 dBm and -22 dBm on keyboard and check that
level falls 16 dB, 20 dB and 32 dB below reference respectively.

Checking muting and rtl

40. Check the operation of latch IC?2 supplying muting and return to local
signals as follows:-

(1) Select OUTPUT SEND and check AA6, 28 and 29 for -7.5 V. Change
to OUTPUT OFF and check AA6, 28 and 29 for +7.5 V.

(2) Set rear panel AUTO MUTE ENABLE switch to 1 followed by sequence:-

1] Mz & + 1 MHz 1 MHz ENTER =+ -+ ENTER and press SLM CONTROL
START key.

(3) Trigger from and display AA6, 29 MUTE pulses. Connect second
channel to AA6, 28 and display ALC MUTE pulses. Check display is as
shown in Fig. 6(a).

(4) Transfer oscilloscope to OUTPUT socket and check that shape of
envelope conforms to that shown in Fig. 6 (b) . Switch AUTO MUTE
ENABLE to O.

(5) With GPIB boards installed, place sender in remote condition
using controller (or bus analyser) and check AA6, 24 for -7.5 V.
Press C (clear) button and check AA6, 24 for +7.5 V.

AAG, 28 g e | 2 e e ey
| I
(a) I I
| |
I
AAB,29 ! 130ms
I
' |
I (]
—»] P_Qms 12ms_q o
]
! .
{b) OUTPUT ' '
o——120MS5 s
TPA L1112

Fig. 6 Auto mute enable signals (approx. values given) - AA6

Chap. 5
Page 34 May 80




H 52356-900D

— Checking output return loss

41. The output return loss is factory set and should normally not require
further adjustment. Following component replacement likely to affect the
return loss on boards AA5 to AA8 however, adjustment may be necessary.
Proceed as follows:-

(1) Set analyser controls :

REFERENCE FREQUENCY : CENTRE 10 MHz
HORIZONTAL SCALE : 2 MHz/div.
VERTICAL SCALE RANGE : 10 dB/div.
VERTICAL SCALE : As required
FILTER BANDWIDTH : NORMAL

SWEEP MODE ¢ AUTO

STORE : REFRESH A
DISPLAY : A& B

75 @ return loss

(2) Connect TRACKING GENERATOR socket to 75 Q return loss probe and
connect probe detected output to analyser INPUT socket. Leave probe Z
input disconnected.

(3) Position trace at top of analyser screen as reference using
VERTICAL SCALE control.

(4) Select REFRESH B on analyser and connect probe input to sender
OUTPUT socket. Remove AAll.

(5) Select 75 Q output impedance and enter =22 dBm on keyboard to
switch in 32 dB attenuator. Check for return loss of greater than
36 dB from 6 kHz to 20 MHz. If not, adjust L2 on AA5 and LI on AAS8
(see Table 9).

TABLE 9  OUTPUT RETURN LOSS

A Output Attenuator pads Min. return loss Adjustment
level 1 2 4 8 16 20 32 6 kHz — 20 MH=z
—22 dBm X 36 dB AA5,L2. AA8,LI
-10 dBm X 36 dB AA5,L1
-6 dBm X 36 dB AA6,L2
-5 dBm X X X X 36 dB AA6,LI

(6) Enter remaining output levels shown in first column of Table 9 and
check that return losses agree with those given in table. If not, adjust
as shown in last column of table.

(7) With -5 dBm entered on keyboard increase level in dB increments up
to +10 dBm and check for return loss of at least 36 dB from 6 kHz to
20 MHz.
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60 @ return loss

(8) Replace 75 Q probe with 60 Q return loss probe and select 60 Q out-
put impedance. Connect analyser TRACKING GENERATOR socket to probe
input and connect probe detected output to analyser INPUT socket.

Leave probe Z input disconnected.

(9) Position trace at top of screen as reference using VERTICAL SCALE
control.

(10) Select REFRESH A on analyser and connect probe input to sender
QUTPUT socket. Enter 0 dBm on keyboard and check that return loss is
at least 32 dB from 6 kHz to 20 MHz (60 Q return loss does not change
signficantly with attenuator setting so that it is only necessary to
check at one level).

50 @ return loss
(11) Repeat (8) to (10) using 50 { return loss probe and selecting 50

output impedance. Disconnect analyser and probe and replace AAll.

AA7 - Programmable attenuator board

Test equipment : item c.
Checking attenuator operation

42. Check the operation of the 1 dB, 2 dB, 4 dB and 8 dB attenuators as
follows:—

(1) To check bilateral switch IC1 operation select +10 dBm, 75 Q
followed by sequence:-

1 Miz & + || MHz 1 MHz ENTER =+ =+ ENTER

(2) Press SLM CONTROL START key. This will cause data to be con-
tinuously clocked into AA7.

(3) Using dual beam oscilloscope trigger from and display positive-
going 6 ms clock pulses on AA7, 10. Connect second channel to ICl
pins 3, 8, 10 and 2 in turn. Check that ICl outputs are all at -7.5 V
during +7.5 V clock pulse, and that they rise to 0 V during -7.5 V
clock period.

(4) Refer to Table 10 first column and enter levels shown in turn
followed by sequence in (1) above. Check each time that logic on
IC! output pins agrees with that in table during positive clock pulse
period.

(5) Transfer oscilloscope to emitter junctions of transistor switches
TR1 to TR8 and check that logic levels agree with those in Table 10 as
level is changed on keyboard.
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TABLE 10  BOARD AA7 ATTENUATOR SELECTION-
Keyboard IC1 pins Transistor emitter junetions
entry Attenuation| 3 8 10 2 TrRil,2 TR3,4 TR5,6 TR7,8
+10 dBm 0 dB L L L L L L L L
+9 dBm 1 dB H L L L H L L L
+8 dBm 2 dB L H L L L H L L
+6 dBm 4 dB T R | L L L H L
+2 dBm 8 dB L L L H L L L H
H=+7.5V; L=-=7.5V
(6) Reselect +10 dBm and 75 Q output impedance. Connect oscilloscope

to OUTPUT socket terminated with 75 Q and display a level at top of
screen as reference.

(7) Enter in turn +9 dBm, +8 dBm, +6 dBm and +2 dBm on keyboard and
check that level falls 1 dB, 2 dB, 4 dB and 8 dB below reference res-—
pectively. Disconnect oscilloscope.

AA8 - Unbalanced matching board

Test equipment :

items c¢ or j.

Checking switeh operation

43,

Check the unbalanced matching operation as follows:—

(1) Enter 6 kHz, 0 dBm on keyboard. Select 150 @ unbalanced output
impedance and check that ICl pins 10, 11, 2 and 1 are all low (see Table 11).
Check transistor switches TRl to TR4 are all off and that diodes D2, D3,

D7 and D8 are not conducting. Check for no signal at OUTPUT socket to
check relay operation.

(2) Select remaining output impedances shown in first column of Table 11
and check that transistor, diode and relay operations agree with those
given in table. Use d.v.m. or oscilloscope to check that voltages on
OUTPUT socket agree with table when correctly terminated (use 75 Q ter-
mination for 0 Q).

TABLE 11  UNBALANCED MATCHING — AA8
Supply Transistors Diodes Output
Output impedance voltage IC1 pins conducting conducting level r.m.s.
H L ol i ER | TR1 TRZ2 TR3 TR4 D2 D3 D7 D8 (0 dBm)
Balanced 150 @ *7:35 =T5 L L L L ¥
Unbalanced 0 Q@ |+6.0 -6.1 L L L H X 775 mV
Unbalanced 50 Q | +4.8 -4.9 L HY L © X X X 224 mV
Unbalanced 60 Q | +4.7 -4.8 B L Ll X X X 245 mV
Unbalanced 75 Q@ | +6.1 -6.1 Ly L BL X 274 mV
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AA9 - Balanced matching buffer board

Test equipment : items ¢, j, 1 and m.
Level switching
44, Check the level switching operation of ICl and TRl to TR4 as follows:-—

(1) Select in turn 0 @, 124 @, 135 © and 150 @ balanced output impe-
dances and using oscilloscope, check ICl pins 1, 2, 10 and 11 respec-
tively for +7.5 V. At each selection check remaining output pins of
ICl For =75 -V Disconnect oscilloscope.

(2) Comnect 150 Q load across BALANCED OUTPUT socket. Select
KEYBOARD and 150 @ output impedance. Enter 6 kHz, 0 dBm on keyboard.

(3) Connect d.v.m. to AA9, 21 and check for approx. 0.79 V r.m.s.
Note exact reading as reference.

(4) Change to 135 Q output impedance. Check that level on AA9, 21
is 0.46 dB below reference.

(5) Change to 124 § output impedance. Check that level on AA9, 21
is 0.83 dB below reference.

(6) Change to 0 Q balanced output impedance and check AA9, 21 for
0.775 #0.015 V¥ ¥.m.8, (0 4B,

(7) Change to 0 2 unbalanced output impedance and terminate OUTPUT
socket with 75 § load. Check AA9, 21 for 0.775 +0.015 V r.m.s. (0 dB).
Discomnect d.v.m.

Balanced output accuracy
45, Check the balanced output level accuracy as follows:-—

(1) Select 150 Q output impedance and enter 100 kHz, O dBm on keyboard.
Connect milliwatt test set via 150 Q balanced probe to BALANCED OUTPUT

socket.

(2) Select +0.2 dB range on milliwatt test set and check for 0 dBm
+0.15 dB. If not, adjust RI6.

(3) Tune from 6 kHz to 1.6 MHz using TUNING control and check that
output level varies by less than *#0.07 dB from 6 kHz to 620 kHz, and
#0.1 dB from 620 kHz to 1.6 MHz.

(4) 1If 124 Q and 135 Q balanced probes are available, repeat (1) to
(3) above but do not readjust R16. Alternatively, use 150 { balanced
probe and substitute 0 dBm in (2) above with -0.01 dBm for 124 @ and
with -=0.04 dBm for 135 Q.

(5) With 150 Q balanced probe connected to BALANCED OUTPUT socket,
select 0  balanced output impedance and enter 100 kHz, -6 dB on
keyboard. Check for +0.02 dBm #0.15 dB. Repeat (3) above.
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0 Q unbalanced output accuracy

46.

Check the O @ unbalanced output level accuracy as follows:-—

(1) Select 0 @ unbalanced output impedance and enter 100 kHz, -9 dBm
on keyboard. Connect 75 @ milliwatt test set to OUTPUT socket and
check for +0.03 dBm.

(2) Using TUNING control check that response is within *0.5 dB over
range 200 Hz to 20 MHz.

AAlIQ0 - Balanced matching board

Test equipment : items c and j.

Checking switch operation

47.

Check the balanced matching operation as follows:-

(1) Enter 6 kHz, 0 dBm on keyboard. Select 0 @ balanced output impe-
dance and check that ICI pins 1, 10 and 2 are all low (see Table 12).
Check transistor switches TR1, TR3 and TR4 are all off. Check resis-—
tance across Rl1Z and R17 is 0 Q with BALANCED OUTPUT socket unterminated.

(2) Terminate BALANCED OUTPUT socket with 150 2 and check socket for
775 mV to check relay operation.

(3) Select remaining output impedances shown in first column of
Table 12 and repeat (1) and (2) above using correct terminations and
check that transistor and relay operations agree with those given in
table. Disconnect multimeter.

Checking 32 dB attenuator relay

48.

Check the operation of electronic switches TR2 and TR5 and relay RLA as

follows:—

May 80

(1) To check transistor switch operation select +10 dBm, 150 §
followed by sequence:-

1 Miz & + | MHz 1 MHz ENTER - - ENTER

(2) Press SLM CONTROL START key. This will cause continuous switching
pulses to be applied to AA10, 21.

(3) Connect oscilloscope to emitter junctions of TR2 and TR5 and check
for 0 V pulsing to -6 V as TR5 switches on. Enter —-22 dBm on keyboard
and check for +6 V as TR2 switches on.

(4) Transfer oscilloscope to BALANCED OUTPUT socket terminated with
150 @ load. Reselect +10 dBm on keyboard and display a reference level
at top of screen.

(5) Enter -22 dBm on keyboard and check level on BALANCED OUTPUT socket

falls 32 dB below reference as RLA operates. Disconnect oscilloscope.
Chap. 5
Page 39




H 52356-900D

AW /8¢ 8 %L X X X T T HH STE BTt ¢ 051 peomelRyg
Am /9¢€ 6 99 X X X T H ST[0%L- 0%t % SE1 pesusisy
AT ZGE 8 6709 X X X {2 R WRPE-1 R 0 U %71 peoueleg
A glf 50 (I S (A e 5 o G 0 peoueleg
(ugp 0) LI % EId | 9 4 A @ O 4 | P4 ¢85 I[85 )| 8 0L L[| 7 H
*sTwta 12097 88040D pazibasus shvgay buggonpuoo | suzd rpr| ebvigoa souvpadur gndang
gndangp goupqsLsay S0 8 LEUDLT, R7ddng
OLVV - ONIHJOIVW QAONVIVE gL AT4V.]

May 80

Chap. 5
Page 40




H 52356-900D

AAll - Frequency multiplier board

Test equipment : item c.
Checking output level
49. Check the board output level as follows:—

(1) Switch EXT LEVELLING ON and set FINE LEVEL control to centre of
range. Observe sender meter and adjust LI and L2 for a maximum indi-
cated output level.

(2) Switch EXT LEVELLING off and select KEYBOARD + FINE. Adjust
FINE LEVEL control to display 0 dB on meter.

(3) Switch EXT LEVELLING ON and check AAll, 7 for 30 MHz, -22 dBm

50 @ (this may be done using an oscilloscope but requires care due to
the high frequency involved and a spectrum analyser and probe is recom-
mended) . If not, reselect EXT LEVELLING off and carry out r.f. level
control check detailed under board AA4.

Checking level control operation
50. The level control operation may be checked as follows:—

(1) Select EXT LEVELLING ON and enter 1 MHz, +10 dBm on keyboard.
Adjust FINE LEVEL control for O V on AA4, TP5.

(2) Connect oscilloscope to OUTPUT socket and set a reference.

(3) Adjust FINE LEVEL control for -2 V on AA4, TP5 and check that level
at OUTPUT socket drops >3 dB below reference.

(4) Readjust FINE LEVEL control for +2 V on AA4, TP5 and check that
level at OUTPUT socket rises +2 dB above reference.

Checking muting operation
51. To check the muting operation continue as follows:-

(1) Select OUTPUT OFF and check AAll, 1 for +7.5 V. Transfer to
AAl11,2 and check for less than -6.5 V.

(2) Select OUTPUT SEND and 75 { output impedance. Connect oscil-
loscope to OUTPUT socket and set a reference level at top of screen.
Switch to OUTPUT OFF and check that output level drops by at least

60 dB (this can be checked to 50 dB below reference to check operation
using oscilloscope or measured to greater than 60 dB using spectrum
analyser). Disconnect oscilloscope.
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AAl12 - Fine level control board

Test equipment : items c, j and m.
Checking level reference voltage
52. Check level reference as follows:-

(1) Select KEYBOARD. Check AAl12, TP3 for approx. —1.05 V using d.v.m.
Note value as reference.

(2) Change to KEYBOARD + FINE. Observe sender meter and adjust FINE
LEVEL control to display +1 dBm. Check that AAl2, TP3 is 1 dB above

reference.

(3) Adjust FINE LEVEL control to display -1 dBm on meter. Check that
AAl2, TP3 is 1 dB below reference. Disconnect d.v.m.

Checking output level accuracy and fine level control

53. To check output level accuracy and fine level control accuracy continue
as follows:-

(1) Check that meter is mechanically zeroed. If not, adjust zeroing
screw under meter.

(2) Select KEYBOARD and 75 Q output impedance. Enter 0 dBm, 100 kHz
on keyboard.

(3) Connect milliwatt test set on *0.2 dB range to OUTPUT socket and
check for 0 dBm. If not, adjust R35.

(4) Select KEYBOARD + FINE and adjust FINE LEVEL control to display
+1 dBm on sender meter. Adjust R24 for +1 dBm on milliwatt test set.

(5) Adjust FINE LEVEL control for -1 dBm on sender meter. Check that
level shown on milliwatt test set is =1 dBm. If not, readjust R24
slightly to halve the deviation. Disconnect milliwatt test set.

Checking D/A conversion

54, To check the 0.1 dB and 0.01 dB step operation continue as follows:-

0.1 dB steps

(1) Select KEYBOARD and 75 § output impedance and enter 0 dBm on key-
board. Connect d.v.m. to AAl12, TP3 and note voltage as reference.

(2) Select -0.1 dB on keyboard and using oscilloscope check ICl, pin 2
for +7.5 V and ICl, pins 10, 11 and 1 for -7.5 V. Check that level on
AA12, TP3 drops 0.1 dB below reference.

(3) Select in turn -0.2 dB, -0.4 dB and -0.8 dB on keyboard and check
ICl, pins 10, 11 and 1| respectively for +7.5 V. With each selection
check remaining ICl output pins for -7.5 V. Check each time that AAl2,
TP3 level drops by the entered decrement.
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0.01 dB steps

(4) Switch to dB and enter e.g. -10.1 dB on keyboard (entering least
significant digit of .l ensures 0.1 dB step attenuators are not activated)
Check IC2, pins 10, 11 and | for +7.5 V and pin 2 for -7.5'V. Check
that level on AA12, TP3 drops 0.07 dB below reference (see Table 13).

TABLE 13 0.01 dB STEPS ATTENUATION - AA12

Output impedance sigﬁi?gzant IC2 pin Attenuation
digit 2 10 11 1 dB
Unbalanced 75 @ ol L H H H 0.07
Unbalanced 60 @ | H L L H 0.09
Unbalanced 50 g .8 Livel L H 0.01
Unbalanced 0 @ .0 L L L L 0
Balanced 124 @ 9 L H L H 0.05
Balanced 135 @ +5 L L H L 0.02
Balanced 150 Q sl Hoiwdiao T L 0.08
Balanced 0 @ .0 L L L L 0

H=+7.5V; L=-=7.5V

(5) Se{ect remaining output impedances given in first column of Table 13
(changing l.s.d. of level enter on keyboard as required) and check logic
levels and attenuation conform to those given in table. Disconnect

oscilloscope and d.v.m.

ABl - *+7.5 voltage regulator board

Test equipment : item j.
Preliminary

55. Following component replacement it may be necessary to readjust the
regulation, limiting and short circuit protection operations. For these
purposes it is necessary to simulate "no load' and 'full load' conditions.
Proceed as follows:-

Full load : Position board under test in ABl socket in control unit assembly
(max. supply 1.2 A).

No load : Remove all other removable boards with board under test in ABI
socket in control unit assembly. Alternatively, position board under test
in ABl socket in local oscillator unit assembly (max. supply 250 mA).
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Adjusting regulation
56. The voltage regulation operation is adjusted as follows:-

(1) Set RI4 and R5 fully anti-clockwise. Select no load and apply
d.v.m. to ABl, 26 and check for +7.5 V %0.02 V. If not, adjust R8.
If at end of adjustment, reselect R9 in range 9.1 kQ to 13 kf.

(2) Transfer d.v.m. to ABI, 30 and check for -7.5 V +0.04 V. If not,
adjust R8 then repeat (1) and (2) until voltages are within limits.

Adjusting current limiting
57. To adjust current limiting continue as follows:—

(1) Select full load and note if voltage on ABl, 30 has dropped. If
so, turn Rl4 slowly clockwise until voltage reaches its former value
and then stops rising. Stop turning R14 slightly after this point is
reached.

(2) Check ABl1, 26 and note whether voltage has fallen under full load.
If so, turn R5 slowly clockwise until voltage reaches its former value

and then stops rising. Stop turning R5 slightly after this point is
reached.

Checking protection

58. Short circuit protection is checked as follows:-

(1) With full load selected, momentarily comnect ABIl, 26 to earth and
check voltage on ABl, 30 immediately drops to between 0 V and -1 V.

(2) Transfer d.v.m. to ABl, 26 and momentarily commect ABI, 30 to earth.

Check that positive rail voltage immediately drops to less than 2 V.
Discomnect d.v.m.

AB2 and AB3 - Microprocessor and memory boards

Test equipment : item c.

Checking timing

59. Check the operation of clock generator ICl as follows:-
(1) Connect oscilloscope to AB2, 29 and check for 7.5 V pulse train (&1)
at approx. 740 kHz. Check AB2, 30 for similar non—overlapping pulse
train at different phase (92).

Checking microprocessor

60. Check the operation of microprocessor IC2 as follows:-

(1) Connect oscilloscope to RESET AB2, 28 and check for negative—going
reset pulse when power first applied.
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(2) Transfer oscilloscope to CARRY AB2, 33 and check for *7.5 V
'random' data.

(3) Transfer to CM ROM AB2, 17 and 32 and check for 'random' data
at, typically, +6.2 V and -3.6 V.

(4) Transfer to DATA AB2, B31 to B34 and check for *7.5 V 'random'
data.

(5) Transfer oscilloscope to SYNC AB2, 31 and check for train of
1.3 ps negative pulses at approx. 93 kHz.

(6) Comnect oscilloscope to CM RAM 1 AB2, 34 and check for 65 us
group of 8 negative-going pulses with group interval 180 ms.

Checking ROM output ports
61. Check the operation of interface IC3 and ROM output ports as follows:-—

(1) Connect oscilloscope to ROM O AB2, 11 to 14 and check for +7.5 V
data.

(2) Transfer to ROM 1 AB2, 1, 2, 7 and 8 and check for 'active'x7.5 V
data when TUNING control is adjusted.

(3) Transfer to ROM 2 AB2, 3 to 6 and check for *7.5 V data.
(4) Transfer to ROM 3 AB2, 9, 10, 15 and 16 and check for 'active'

+7.5 V data when data is sent remotely. For local operation check
that AB2, 9 and 16 are at +7.5 V and AB2, 10 and 15 are at -7.5 V.

Checking RAM output ports
62. Check the operation of the RAM output ports as follows:-—

(1) Connect oscilloscope to RAM 0 AB2, 19 to 22 and check for *7.5 V
'random' data.

(2) Transfer to RAM 1 AB2, 24 to 27 and check for 'active' #7.5 V
data when TUNING control is adjusted.

AB4 - Control interface board

Test equipment : item c.

Checking address decoder

63. Check the operation of address decoder IC5 as follows:—

(1) Cohmect oscilloscope to AB4, 30 and check for a positive-going
22 us pulse each time EXT LEVELLING switch it operated.

(2) Remove d.i.l. plug from AB8, SKA. Set AUTO MUTE ENABLE to 'l',
select OUTPUT SEND and 0 dB balanced output impedance.
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(3) Enter -70 dBm on keyboard and key in sequence :-
] MHz & + |1 MHz 1 MHz ENTER -+ =+ ENTER
and press SLM CONTROL START key.

(4) Transfer oscilloscope to AB4, 31, 32, 34, 35 and 36 in turn and
check for 64 us positive-going pulses.

(5) Transfer to AB4, 33 and 37 and check for approx. 7 ms positive-
going pulses.

(6) Transfer to IC5 pins 3 and 14 and check for positive-going 22 us
pulses. Check IC4 pin 4 for inverse of IC5, l4.

(7) Press C to clear sequence and replace d.i.l. plug.

Checking control latch

64. To check the operation of control latch IC4 continue as follows:-—
(1) Connect oscilloscope to INTERFACE SENSE MULTIPLEXER AB4, 26 and
check for positive—going 126 us pulses at approx. 50 Hz. Connect
second channel to AB4, 24, If GPIB interface is fitted, check that
AB4, 24 is low during period when AB4, 26 is high. If GPIB interface
not fitted, check AB4, 24 remains low during this period.
(2) Transfer oscilloscope to MOTOR STOP AB4, 18 and check for low logic
level. Press C key and check AB4, 18 goes high and then returns low
when ENTER is pressed.

(3) Transfer to SYNC O/P AB4, 10 and check for +5 V. Press ENTER
and check AB4, 10 returns to O V for approx. 140 ms (t.t.l.).

(4) Check IC4 pin 12 for +7.5 V.

(5) Check GPIB LISTEN AB4, 9 for -7.5 V (when in local mode).

Checking timer

65. To check the operation of timer ICl continue as follows:-
(1) Connect oscilloscope to AB4, 14 and check for p.r.f. of 16 Hz.
If not, adjust R2 for 16 Hz within 0.1 Hz (turning R2 clockwise
increases frequency).

Test input multiplexer

66. Checking the operation of multiplexer IC3 requires that the oscilloscope

used be d.c. coupled in order to act as a pull-up resistor. Note also that
the pulse widths may differ from those found in practice due to the resistance
and eapacitance of the probe in use. Continue as follows:-—
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(1) Connect oscilloscope to IC3 pin 12 and check for approx. 0 V.
Temporarily short rear panel REMOTE COMMAND socket and check IC3 pin 12
for 11 ms pulses at approx. +7.5 V.

(2) Connect oscilloscope second channel to AB4, 24 and check that logic
level corresponds to that on channel 1 during same time interval.

(3) Transfer oscilloscope to IC3 pin 15 and check for approx. -7.5 V.
Temporarily connect a load of <10 kQ to rear panel 30-50 MHz IN socket
and check that display blanks. Check IC3 pin 15 for 0 V pulsing to
+7.5 ¥ for 0.35 ms. Repeat (2).

(4) Switch EXT LEVELLING ON and set FINE LEVEL control to mid-position.
Connect oscilloscope to AB4, 29 and check for <-6 V pulsing to approx.
+1 V for 0.25 ms. Repeat (2).

(5) Select OUTPUT OFF and check AB4, 29 for >+6 V and that EXT LEVELLING
LOW lamp illuminates. Reselect OUTPUT ON.

(6) Transfer oscilloscope to AB4, 28 and check for <-6 V pulsing to
approx. +1 V for 0.5 ms. Repeat (2).

(7) Turn FINE LEVEL control clockwise until EXT LEVELLING HIGH lamp
illuminates. Check AB4, 28 for >+6 V., Reselect EXT LEVELLING off.

(8) With AUTO MUTE ENABLE set to '0' check AB4, 25 for 0 V. Set AUTO
MUTE ENABLE to 'l' and check for 14 ms, +7.5 V pulses. Repeat (2).

AB9 and AB10 - Keyboard and display boards

Test equipment : item c.
Checking function enable
67. Check the operation of AB9 function enable as follows:—

(1) Connect oscilloscope to monostable IC4, pin 11 and check for a
train of 14 us negative-going pulses.

(2) Enter -10 dBm, 10 MHz on keyboard. Connect oscilloscope to IC6
and IC7 output pins supplying addresses 1 to 11 and check for presence
of positive—going address pulses of various pulse widths.

Checking manual tuning operation
68. Check decoder IC7 and manual tuning switches TRl, TR2 and TR3 as follows:-

(1) Connect oscilloscope to IC7 address 12 and check for 0.33 ms
pulses when frequency is changed by slowly turning manual TUNING control.

(2) Spin TUNING control to produce electronic flywheel effect. Check
for 630 us pulses in range 100 Hz to 100 kHz, 1.3 ms pulses in range
100 kHz to 1 MHz, and 1.8 ms pulses in range 1 MHz to 20 MHz. Stop
tuning.
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(3) Transfer oscilloscope to IC7 address 14 and spin TUNING control.
Check for positive—going reset pulses of 2.9 ms when increasing fre-
quency and 3.1 ms when decreasing frequency.

(4) Trigger oscilloscope from and display IC7 address 10 pulses.
Connect second oscilloscope channel to AB9, tag 6 and check for pulses
while decreasing frequency using TUNING control. Check that pulses
do not appear when frequency is increased.

(5) Transfer second channel to AB9, tag 3 and check for pulses when
frequency is changed by TUNING control. Check that pulses do not
appear when tuning is stopped.

(6) Trigger from and display IC7 address 9 pulses. Connect second
channel to AB9, tag 5 and check for pulses while adjusting frequency
by TUNING control. Stop tuning and check that pulses do not appear.

(7) Select OUTPUT OFF. Trigger oscilloscope from and display address
11 pulses to IC16 pin 13. Spin TUNING control and connect second
channel to AB9, tags 3, 4, 6 and 5 in turn and check for data pulses.

(8) Trigger oscilloscope from and display address 12 pulses to ICl4
pin 13. Spin TUNING control and connect second channel to AB9, tags 3,
4, 6 and 5 in turn and check for data pulses.

Checking keyboard and switches

69. The operation of the keyboard and other front panel switches is checked
as follows:-

(1) Select 0 Q balanced output impedance, KEYBOARD and SLM CONTROL OFF.

(2) Trigger oscilloscope from address 1 (anode side of AB9, D25) and
display pulse on lower trace.

(3) Connect second channel to AB9, tag 3. Select in turn 0, 4, 8, +,
KEYBOARD + FINE, SIM ON, 0 @ unbalanced and 124 @ output 1mpedance and
check at each selection that pulses appear in positions shown in Fig. 7
(note that pulse widths appear to vary irregularly; this is normal).

(4) Transfer oscilloscope input to AB9, tag 4. Select in turn functions
shown in second column of Fig. 7 and check positions of pulses.

(5) Continue above procedure for remainder of functions shown in Fig. 7.
Disconnect oscilloscope.

Chap. 5

Page 48 May 80




H 52356-900D

FUNCTIONS
ON AB9 TAG:
- 24ms +| 3 [3 5 6
Address 1 [~ |__ 07ms—of " e 0 1 2 3
Address 2 —[ J-07ms 4 4 5 6 ’
Address 3 [ -07ms 8 9 - |ENTER
Address 4 —s]  le=07ms » + ) - c
Address 5 [  J-0:7ms kHz MHz dB»
Address 6 | k-to0ms _ Revpoan. START | CcE
Address 7 - J—lims SLM EXT dB
F ON LEVEL
Address 8 - J-12ms 0n
H Unbal. 50n 60n 75n
Address 9 - p=lims 24n | 1354 | 1504
Address 10 0:7m —..| |-— outp
2 SEND
TPCLTN # Keyswitch

Fig. 7  Keyboard and switch operation summary - AB3

ABl1l - Rectifier and charger board

Test equipment : Item g.
Checking rectifier operation
70. Check the rectifier as follows:-

(1) Set SUPPLY selector to ~ and check alternating voltage is 22 V
nominal across ABIl, tags 3 and 1 and across ABIll, tags 3 and 2.

(2) Check rectified voltage is 28 V nominal across ABIl, tags 3 and 7
and =28 V nominal across tags 3 and 5.

Checking charger operation
71. To check the charge operation continue as follows:-—

(1) Trickle charge : Connect 62 Q 12 W resistor across rear panel
BATTERY connector. Check that voltage across resistor is 2.7 V 0.6 V,

(2) Full charge : Set SUPPLY selector to CHARGE and check that CHARGE
lamp lights. Check that voltage across resistor is 27 V %6 V. Dis-
connect resistor.
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AB12 - Pre-regulator board

Test equipment : None

Checking regulators

72. The procedure for checking the regulators associated with this board is
included in the checks for board ABI5.

AB13 - Motor control board

Test equipment : Items ¢ and g.
Checking motor latehing

73. The procedure for checking the motor latching providing the electronic
flywheel facility is as follows:—

(1) Disconnect output at AB8, tag 20 to AB13, 17. Conmnect 10 kf } W
potentiometer between AB13, 26 (+7.5 V) and AB13, 30 (-7.5 V). Set
potentiometer to mid-position and connect slider to ABi3, 37. Connect
AB13, 36 to earth. Connect voltmeter between AB13, 36 and ABI13, 37.

(2) 1Increase potentiometer output positively and check that between
+1.,2 V and +1.4 V reading jumps to approx. +4 V indicating TRI has
switched on. This checks operation of IC! and TRI.

(3) 1Increase potentiometer output negatively and check that between
-1.2 V and -1.4 V reading jumps to approx. —4 V indicating TR2 has
switched on. This checks operation of IC2 and TR2.

(4) Connect jumper between motor stop ABI3, 28 and positive rail and
check that meter reading changes to 0 V. This checks operation of
TR3 and RLA. Disconnect potentiometer and remove jumper to ABI3, 28.

Checking ramp generation
74. Check the operation of ramp generator IC3 and TR4 as follows:-

(1) Connect jumper lead between AB13, 36 and AB13, 37 and check for
0 V at AB13, TPI. If not, adjust R29 for 0 V. Disconnect jumper.

(2) Reconnect potentiometer between AB13, 26 and ABI3, 30. Set
potentiometer to mid-position and connect slider to ABI13, 37. Connect
oscilloscope to AB13, TPI. Slowly increase potentiometer output
positively and check for generation of negative ramps whose rate increases
as input voltage is increased.

(3) Increase potentiometer output negatively and check for generation
of positive ramps whose rate increases as input voltage is increased.
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Checking window comparator

75. Check the operation of window comparator IC4 and IC5 and R-S bistable
IC6ab as follows:-—

(1) Connect oscilloscope to IC6 pin 6 and check for negative-going
50 ps triangular pulses. Check IC4 pin 6 for +5 V, and ABI3, 9 for
=F v Wi

(2) Increase potentiometer output positively and check IC4 pin 6
for negative-going 50 ps triangular pulses. Check IC5 pin 6 for
+5 V and ABI3, 9 for +7.5 V.

Checking pulse generator
76. Check the operation of pulse generator IC6cde as follows:-

(1) Comnect oscilloscope to ABI3, 10 and check for positive-going
pulse train of 25 ps pulses. Increase potentiometer output positively
and check pulse rate decreases until no further pulses are generated.

(2) Continue increasing potentiometer output positively and check that
positive-going pulse train reappears and pulse rate increases with in-
creasing input voltage. Disconnect potentiometer and earth lead.
Reconnect ABI13, 37 to AB8 tag 20.

(3) Spin TUNING control in both directions and observe oscilloscope.

Check for positive-going pulse train showing tuning motor is operating
correctly. Disconnect oscilloscope.

AB15 - Rectifier and regulator board (includes AB12)

Test equipment : Item g.
Checking regulator operation

77. The following procedure is used to check the +5 V regulator operation
both off load and on load (i.e. with GPIB boards fitted):-

(1) Set SUPPLY selector to n check alternating voltage across ABI15,
tags 1 and 2 is 11 V (on load 10 V).

(2) Check rectified voltage on AB15 tag 6 is 14 V (12 V on load).
(3) Check ICI regulated output on ABI5, tag 13 is +5 V +0.25 V.

78. The following procedure is used to check the operation of the *5 V and
the *12 V regulators:—

(1) Check regulated voltage on AB15, tag 11 is +12 V 0.6 V. This
checks operation of heat sink mounted +12 V regulator ICI.

(2) Check regulated voltage on AB15, tag 10 is -12 V 0.6 V. This
checks operation of heat sink mounted -12 V regulator IC2.

(3) Check output on AB15, tag 14 is -11,2 V +0.6 V. This checks
operation of diode D5.
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(4) Check regulated voltage on ABI5, tag 15 is +5 V #0.25 V.

(5) Check regulated voltage on ABI5, tag 16 is -5 V #0.25 V,

AD1 - Crystal oscillator board

Test

equipment : items a, c, d and e.

Checking levels

795

Check board output levels as follows:-—
(1) Set analyser controls :

REFERENCE FREQUENCY : CENTRE 10 MHz

HORIZONTAL SCALE : 10 kHz/div.
VERTICAL SCALE RANGE : 1 dB/div.
VERTICAL SCALE : =10 dBm
FILTER BANDWIDTH : WIDE

SWEEP MODE :  AUTO

STORE /DISPLAY : HIGH DEFN

(2) Connect ADl, 21 to analyser INPUT socket via probe and chetk level
is =10 dBm *2 dBm. This checks operation of internal standard amplifiers.

(3) Transfer probe to AD1, 32 and check level is =4 dBm *2 dBm.
Disconnect analyser and probe.

(4) Connect oscilloscope to ADl, 1 and check for 200 kHz square wave of
7.5 Vs This checks operation of frequency dividers.

(5) Transfer to ADl, 6 and check for 2 MHz square wave of 60 mV to
100 mV p-p. Disconnect oscilloscope.

Checking frequencies

80.
well

Chap.

Page

The following procedure is used to check output frequency accuracy as
as internal standard disable switch operation:-

(1) Connect counter to ADl1, 32 and check for 10 MHz *20 Hz. If not
adjust C3 and C26.

(2) Connect } W resistor of less than 10 kQ between ADI, 36 and 37 and
and check on counter that output is disabled. This checks operation of
internal standard disable switches.

(3) Connect output from TF 2370 STD 10 MHz —-10 dBm socket to TF 2356

10 MHz STD - EXT IN socket, still with resistor in (2) providing d.c.
path. Connect sender OUTPUT socket to TF 2370 INPUT socket. Enter

10 MHz, -10 dBm on keyboard and check for this output.  Remove resistor
and interconnections.

(4) Connect counter to AD1, 6 and check for 2 MHz *4 Hz. This checks
operation of 2 MHz dividers ICI.

(5) Transfer counter to ADl, 1 and check for 200 kHz +2 Hz. This
checks operation of 200 kHz divider IC2. Disconnect counter.
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AD2 - Interpolation phase detector board

Test equipment : Item c.
Checking divider operation
81, The operation of the 500 Hz divider is checked as follows:-

(1) Connect oscilloscope to AD2, 21 and check for 200 kHz square wave
of approx. 14 V p-p.

(2) Transfer oscilloscope input to AD2, 32 and check for 100 kHz with
3 V p-p fast rising edge.

(3) Transfer input to IC3 pin 9 and check for 500 Hz square wave of
15 V p-p.

Checking phase detector operation
82. Check phase detector operation as follows:-—

(1) Comnect oscilloscope channel 1 to AD2, TP4 and check for 500 Hz
ramp rising from -5 V to +3 V. This checks operation of 500 Hz
dividers and ramp generator.

(2) Connect oscilloscope channel 2 to AD2, TP5 and trigger from TP4.
Display 500 Hz train of approx. 120 us pulses occurring during rise
time of TP4 ramp. This checks generation of first sampling pulse.

(3) Use manual spin tuning in 5 Hz steps and check that pulse position
w.r.t. ramp changes. This checks phase detector operation.

(4) Stop frequency incrementing and transfer oscilloscope chanmel 1
input to TP6. Check that displayed pulse on channel 1 is delayed
approx. 180 pus w.r.t. pulse on channel 2. This checks generation
of second sampling pulse.

(5) Connect oscilloscope to AD2, 37 and using manual spin tuning in

5 Hz steps check that d.c. level varies. This checks operation of
sample and hold circuit. Disconnect oscilloscope.

AD3 - Interpolation variable divider board

Test equipment : Items a, c, d and e.

Checking low-pass filter

83. To check the 4 MHz 1.p. filter proceed as follows:-
(1) Remove AD3 link between tags 4 and 6.

(2) Set analyser controls :
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REFERENCE FREQUENCY : CENTRE 5 MHz
HORIZONTAL SCALE : 1 MHz/div.
VERTICAL SCALE RANGE : 10 dB/div.
VERTICAL SCALE : 0 dBm
FILTER BANDWIDTH : NORMAL

SWEEP MODE : AUTO

STORE /DISPLAY : HIGH DEFN

(3) Comnect analyser TRACKING GENERATOR socket to TP4 with earth to 1P5.
Connect TP7 via probe to analyser INPUT socket.

(4) Check for dip at 7.5 MHz. If not, adjust L2.

(5) Reset analyser HORIZONTAL SCALE to 2 MHz/div and check that
rejection in the stop band between 8 MHz and 20 MHz is at least 50 dB
below pass band. If not, adjust L1 (and L2 if necessary).

(6) Reset analyser HORIZONTAL SCALE to 0.5 MHz/div and VERTICAL SCALE
RANGE to 1 dB/div. Check that ripple in pass band is no greater than

2.5 dB in pass band up to 3 MHz. If not, adjust L1 (and L2 if necessary).

(7) Replace link, disconnect analyser.

Checking mixer operation
84. Check the operation of mixer IC3 as follows:-

(1) Connect oscilloscope to AD3, TP1 and check for 10 MHz signal of at
least 220 mV p-p. If not, adjust L3. Disconnect oscilloscope.

(2) Enter 1 MHz on keyboard. Connect counter to AD3, TP7 and check
that frequency is 2 MHz.

(3) Decrement 5 Hz and check that AD3, TP7 frequency is 2.9995 MHz.
Disconnect counter.

Checking amplifier operation
85. To check the operation of squaring amplifier IC5 continue as follows:-—

(1) Connect oscilloscope to AD3, TP3 and check for square wave of
7.5V p-p.

(2) Change frequency to 1 MHz and check AD3, TP3 that square wave
amplitude is unchanged.

Checking divider operation
86. To check the variable ratio divider IC4 continue as follows:-

(1) Transfer oscilloscope input to AD3, 1 and check for 500 Hz train
of 0.5 us pulses.

(2) Change frequency to 1.009995 MHz and check that AD3, 1 pulse
repetition frequency is unchanged.
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Checking D/A operation

87. The procedure for checking the variable ratio divider operation is as
follows:-

(1) Enter 1.00999 MHz on keyboard. Set R25 fully clockwise. Connect
oscilloscope to AD3, 37 and check for approx. -1.5 V. If not, adjust
R27.

(2) Enter 1 MHz on keyboard and check for approx. -5 V on AD3, 37.
If not, adjust R26.

(3) Transfer oscilloscope to AD2, TP4. Trigger from and display
500 Hz ramp. Connect second oscilloscope channel to AD2, TP5.
Check that pulses on AD2, TP5 are locked approximately to centre of
ramp. If not, adjust R25 on AD3.

(4) Increment in 1 kHz steps and check that pulses do not become
unlocked from ramp.

(5) Connect oscilloscope to AD3, 37. Select 5 kHz increments and,

while spin tuning, adjust R26 and R27 to minimize ramp restart settling
time. Disconnect oscilloscope.

AD4 - Interpolation oscillator board

Test equipment : Items a, c, d and h.
Checking oscillator operation

88. Check the v.c.o. output frequencies as follows:-

(1) Remove board AD3. Connect d.c. power source set to O V to AD4, 37.
Connect counter to AD4, 21 and check for 13 MHz +250 kHz. If not,
adjust TI.

(2) Change power source to -4 V and check AD4, 21 for 12 MHz *250 kHz.
Disconnect counter.

89. To check the oscillator output levels continue as follows:-

(1) Connect analyser INPUT socket to AD4, 21 and set the controls as

follows:—
REFERENCE FREQUENCY : CENTRE 13 MHz
HORIZONTAL SCALE : 1 MHz/div.
VERTICAL SCALE RANGE : 1 dB/div.
VERTICAL SCALE : 0 dBm
FILTER BANDWIDTH 3 WIDE
SWEEP MODE s AUTO
STORE/DISPLAY . HIGH DEFN

(2) Reset d.c. input to 0 V and check that amplitude at 13 MHz is
=10 dBm +2 dBm. Check other responses, apart from harmonics at mul-
tiples of 13 MHz, are less than —-60 dBm. Disconnect analyser.
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Checking counter operation
90. To check counter ICl and amplifier IC2 operation continue as follows:-

(1) Connect oscilloscope to AD4, TP2 and check for square wave of
not less than 12 V p-p. Replace oscilloscope with counter and check
frequency is 2.6 MHz #0.005 MHz. Remove power source and replace
board AD3.

Checking presettable divider operation

91. Check divider IC3 operation as follows:-

(1) Connect counter to AD4, 1 and check for 777 Hz. This checks
operation of presettable divider. Disconnect counter.

AD5 - Translation pnase detector board

Test equipment : Items c and i.
Checking mixzer operation
92. Check mixer ICl, 1.p. filter IC2 and divider IC3 operation as follows:-

(1) Remove board AD6. Connect signal generator set to 2.001 MHz.
+12 dBm to AD5, 32.

(2) Connect oscilloscope to AD5, TPl and check for stable 1 kHz square
wave of at least 12 V p-p. Disconnect oscilloscope and replace AD6.
Checking phase detector operation
93, The in-phase operation is checked as follows:-

(1) Set instrument to 8 MHz and remove board AD4 . On AD5 connect
jumper lead between pins 3 and 11 of IC4.

(2) Disconnect link between AD5 and AD6 at contact 17 and conmnect
AD5, 6 to earth. Check input frequency at IC4 pin 11 is approx.

650 Hz.

(3) Connect oscilloscope to IC4 pin 12 and check for -7.5 V with
positive-going spikes at approx. 650 Hz. Transfer to IC4 pin 1

and check for +7.5 V with negative-going spikes.

(4) Transfer oscilloscope to IC5 pin 6 and check for high set signals.

(5) Check that TR2 and TR4 are both off.

(6) Check TR3 and TR5 operation by checking for O V at AD5, 17
(either transistor faulty will cause +7.5 V or -7.5 V at contact b2 )es

94, To check the out of phase operation continue as follows:—

(1) Remove jumper lead between pins 11 and 3 of IC4. Check that
IC4 pins 1 and 12 are both high.

(2) Check that TR4 is on and TR2 is off and check AD5y: 17 for 0.V
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(3) Remove AD6, insert AD4 and check that AD5, IC4 pins 1 and 12 are
both low and AD5, 17 is at 0 V. Replace AD6 and replace link to
contact 6.

Checking v.c.x.0. selection logic

95,

Check the crystal selection operation as follows:-

(1) Connect oscilloscope to AD5, Bl2 and check for positive-going
spikes as TUNING knob is turned. This checks operation of latch strobe.

(2) Enter 7.12 MHz on keyboard. Connect oscilloscope input to AD5, 6
and check for -7.5 V. Decrement 5 Hz and check for +7.5 V. This
checks gating of B12, BI3 and Bl4 inputs.

(3) Enter 8.12 MHz on keyboard and check for -7.5 V on AD5, 6. This
checks gating of B15 and B16 inputs.

(4) Change keyboard entry to 10.12 MHz and check that AD5, 6 remains
at =7.5 V. This checks gating of Bll input. Disconnect oscilloscope.

AD6 - Tramslation oscillator board

Test equipment : Items ¢, d and h.

Checking v.c.x.0. operation

96.

The procedure for checking the operation of the crystal oscillator,

crystal selection switches and dividers is as follows:—

(1) Remove board AD5. Apply power source to AD6, 6 and connect
counter to ICl pin 1.

(2) Apply -7.5 V to AD6, 9 by connecting it to negative rail to
select low frequency crystal XL2. Set power source voltages to
values given in Table 14, column 2 and check that output frequencies
(levels 0.8 V to 2 V min.) are as given in Table 14, column 3.

(3) Connect AD6, 9 to positive rail to apply +7.5 V for high fre-
quency crystal XLl selection. Set power source as before to values
given in Table 14, column 2 and check that output frequencies (levels
0.8 V to 2 V min.) are as given in Table 14, column 3.

(4) Transfer counter to AD6, 21 and check that for -6 V applied to
AD6, 6 the output frequency is 2.006 MHz *#500 Hz i.e. one fifth input
frequency (see Table 14).

(5) Transfer counter to AD6, 37 and check that output frequency is

10.03 kHz #5 Hz i.e. one thousandth input frequency (see Table 14).
Disconnect counter.
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TABLE 14  VCXO OPERATION - AD6

1 2 3 4 5
Vb;tage applied | Voltage applied | IC1 pin 1 |Output frequency | Output frequency
to contact § to contact 6 (+7.5 kHz) | at contact 21 at contact 37
(+500 Hz) (+5 Hz)
+6 V 10.0380MHz 2.0075MHz 10.0380kHz
=19 V oV 10.0320MHz 2.0064MHzZ 10.0320kHz
-6 V 10.0215MHz 2.0043MHz 10.0215kHz
+6 V 10.0480MHz 2.,0096MHzZ 10.0480kHz
+7.:5 V oV 10.0420MHz 2.0084MHz 10.0420kHz
-6V 10.0300MHz 2.0060MHz 10.0300kHz

Checking output levels

97.

To check the counter output levels continue as follows:-—

(1) Connect oscilloscope to AD6, 21. Check for stable square wave,
'0' = +0.8 V max., "1' = 42 V min. Check that the voltage levels
remain unchanged as power source (frequency control) voltage is varied
between +6 V and -6 V.

(2) Reconnect AD6, 9 to negative rail and repeat (1).
(3) Transfer oscilloscope to AD6, 37 and check for stable square
wave of at least 12 V p—p and remains so as power source (frequency

control) voltage is varied between +6 V and -6 V.

(4) Reconnect AD6, 9 to positive rail and repeat (3). Remove
jumper lead, disconnect oscilloscope and power source and replace AD5.

AD7 - Output variable divider board

Test equipment : Items c and d.

98. The following procedure is used to check board operatiomn:-
(1) Remove twisted pair to board AD8 input and connect AD8 socket to
earth to supply 0 V control voltage. Connect counter to AD7, 1 and
check for 39.5 MHz *1 MHz at —-10 dBm.
(2) Enter 10.12 MHz on keyboard and using oscilloscope check that
AD7, B4 to B17 are all low (-7.5 V) and AD7, B18 is high (+7.5 V).
(3) Check input amplifier TRl and TR2 operation by checking for e.c.l.
threshold voltages of -1.1 V and -1.5 V on pin 1 ICI.
(4) Check prescaler operation by checking for v.c.o. frequency =10
(approx. 4 MHz) on ICI pin 11, and v.c.o. frequency 20 (approx. 2 MHz)
on IC2 pin 9. Levels 0 V and -5 V.
(5) Check IC6 operation by checking for v.c.o. frequency 20 £7.5 V
on AD7, TP2 and TP3.
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(6) Check divide by five operation by checking for v.c.o. frequency
+100 (approx. 400 kHz) *7.5 V on AD7, TP4.

(7) Check most significant counters operation by checking for v.c.o.
frequency %4000 (approx. 10 kHz) #7.5 V on AD7, TP5 and TP6.

(8) Check for 0.5 us pulses at approx. 10 kHz on IC3 pin 4.

(9) Enter 10.31 MHz on keyboard and ensure all data inputs are low
except for AD7, B4, B7, B8 and BI18. Trigger oscilloscope from nega-
tive edge of pulse on AD7, TPl and display pulse. On second trace
display AD7, TP2 clock pulses. Check duration of negative pulse
equates to 19 clock periods (approx. 10 us).

(10) Check ICl0a operation by connecting oscilloscope to AD7, TPl and
while triggering from and displaying waveform on IC3 pin 4, check that
display approximates to that shown in Fig. 8.

(11) Ensure prescaler now dividing by 21 by counting 21 input pulses
on ICl pin 1 during one complete cycle of IC2 pin 9.

(12) Enter 10.14 MHz on keyboard and ensure all data input contacts
are low except AD7, B5 and B18. Comnect oscilloscope input to AD7,
TP2 and trigger from and display negative pulse on AD7, TP1.  Check
that after AD7, TPl goes low, widths of first two pulses (indicating
+11) on AD7, TP2 are slightly greater than widths of remainder of
pulses (indicating *10). Check that rising edge of second of these
pulses terminates negative pulse (see Fig. 9). Disconnect oscil-
loscope and reconnect twisted pair.

IC 3, pin 4

-  08ps l— —0hpsl—

——

TR

TPA4LD59

Fig. 8 Modulus selection — AD7
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.

TP2

=10 10 =10

]

TP1

TPALOBY

Hig. 8 Dual modulus operation — AD7
(pulse widths exaggerated for clarity)

AD8 - Qutput oscillator board

Test equipment : Items a, c, d, e and h.

Checking oscillator operation

99, Use the following procedure to check v.c.o. operation:—
(1) Remove twisted pair to board input and connect power source set
to 0 V to AD8 input socket to supply control voltage. Check TR2
emitter for 0.5 V p—p signal at 39.5 MHz =1 MH=z. If not, adjust LI.
(2) Transfer counter to AD8, 12. Set power source to voltages given
in Table 15 and check that frequencies agree with those given in Table.
Disconnect counter.
TABLE 15  VCO OPERATION - AD8
Frequency Output
control frequency at
voltage contact 12
+7.5V 54 *1 MHz
+5 V 51 #1 MHz
-5V 29 +1 MHz
-7V 23 +2 MHz
Chap. 5 May 80
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Checking output levels
100. To check the output levels continue as follows:—
(1) Set analyser controls:-—

CENTRE 50 MHz
0.02 MHz/div.

REFERENCE FREQUENCY
HORIZONTAL SCALE

VERTICAL SCALE RANGE : 10 dB/div
VERTICAL SCALE : 0 dB
FILTER BANDWIDTH : WIDE
SWEEP MODE : AUTO
DISPLAY : HIGH DEFN

(2) Remove connector from AD8, 1 and replace with lead to analyser
INPUT socket. Set power source to +5 V and check that level at 50 MHz
igs =11 #2 dBm. Replace comnnector.

(3) Ensure that 30-50 MHz OUT sg¢gcket on rear panel is terminated with
supplied 50 @ load. Connect analyser INPUT to AD8, 7 via probe and
check level is 11 *2 aBm.

(4) Transfer probe to AD8, 12 and check for —11 *2 dBm. Disconnect

power source analyser and probe.

AD10 - Synthesizer latch board

Test equipment : Item c.
Checking in-phase operation
101. The in-phase operation is checked as follows:-

(1) Remove boards AD7 and ADS. Connect jumper lead between AD9, 1
and 7.

(2) Connect oscilloscope to ICl1 pin 12 and check for -7.5 V with
positive—going spikes at approx. 10 kHz. Transfer to ICl pin 1 and
check for +7.5 V with negative—going spikes.

(3) Transfer oscilloscope input to IC2 pin 3 and check for high set
signals

(4) Transfer to AD9, 12 and check for -7.5 V in-lock signal.
(5) Check that electronic switches TRl and IC3b are both off.

(6) Check current mirror operation by checking for 0 V at d.c.
output plug.
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Checking out-of-phase operation
102. To check the out-of-phase operation continue as follows:-

(1) Remove jumper lead between AD9, 1 and 7. Check ICl pins 1
and 12 are both high.

(2) Check for high out of lock signal at AD9, 12,
(3) Check that IC3b is on and TRl is off.
(4) Transfer to d.c. output and check for +7.5 V.

(5) Replace boards AD7 and AD8 and remove board AD6. Check ICl
pins 1 and 12 are both low.

(6) Check for high out of lock signal on AD9, 12.
(7) Check that TRl is on and IC3b is off.

(8) Transfer to d.c. output and check for -7.5 V. Replace board
AD6 and disconnect oscilloscope. Reconnect AD8 control voltage input.

AD9 - Qutput phase detector board

Test equipment : Item c.
Checking frequency divisor outputs

103. The overall selection of the N; and Ny division ratios may be checked
as follows:-

(1) Enter | MHz on keyboard and check all output contacts are low as
shown in Table 16. Enter remaining frequencies given in Table each

time checking logic levels conform to those given in Table.

(2) Refer to Table 17 and enter frequencies given, each time checking
that associated logic levels are correct.

TABLE 16 N7 DIVISION RATIO OUTPUTS - AD10

Frequency Output contacts

(MH=z) = 7 8 9 10 11 12 13 14 15 1¢& 17 18
1.000000 L L I L L L L L L L L L
1.009995 H H L L H H L L
1.006660 L, L B B Gl gl Bely B H B0
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TABLE 17  Ng DIVISION RATIO OUTPUTS - AD10

Frequency Output contacts
(MHz) B4 BS5 B6 B7 B8 B9 B10 B11 Bl2 B13 BIl4 B15 BI16 BI17? BI8

0.006

6.89

9.99
10.12
10.31
10.14

HoE o omom
H o fom om
Poro e o
SN -
[ == A R - = A
H e om
HHHEom e
Horoeom o
SN A
I I A -
SN -
Hoe o om e
H o oEomom
Mmoo om
momom oo oo

Checking v.c.x.o0. inhibit

104. Check inhibit signal to board AD5 as follows:-—
(1) Connect oscilloscope to AD10, 6 and check for positive-going spikes
as manual TUNING knob is turned.

Checking decoder operation

105. Check operation of decoder IC9 as follows:-
(1) Trigger oscilloscope from pin 14 IC9 and connect input in turn to
pins 2, 15, 1, 6, 7, 4 and 9. Check each time that displayed pulse

occurs 150 us later than previously displayed pulse (note that triggering
is difficult owing to time variations for each cycle).
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INTRODUCTION

1. This Annex is intended to be used as an aid to fault finding on the
GPIB interface when fitted in the TF 2356 or TF 2357. For this purpose the
Annex should be read in conjunction with the technical description in Chap.
4-2 and the servicing diagrams in Chap. 7 of the Service Manual, Detailed
information on GPIB interface operation will be found in IEEE Standard 488-
1978 and IEC Publication 625-1. .

2. The tests which follow, which are not exhaustive, are based upon the
use of a bus analyser in order that the interface may be single-stepped
through its operating modes. Tests commence with a main sequence during
which the bus analyser and instrument displays are used to indicate the
probable fault area. Fault finding checks are then used to diagnose faults
down to component level or to comparatively small groups of components.
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FAULT FINDING PROCEDURE

3. Commence fault finding using the main sequence and ensure that no
equipment other than the bus analyser is connected to the instrument under
test. When following the sequence take care in entering data since if an
error is made it will often be necessary to backtrack to an earlier part of
the sequence in order to repeat the check correctly. If in doubt, restart
the sequence, this may be tedious but will prevent incorrect diagnosis.

4. A fault indicated by the analyser or instrument display normally leads
to one or more fault finding checks. For these checks, apart from the
limited use of a logic analyser, only an oscilloscope need be used. When a
fault is diagnosed and a statement such as 'there is a fault with IC1' is
made, it implies also that the fault may be with e.g. an associated pull-up
resistor, rather than with the designated component.

S In case of difficulty, return the interface boards to Marconi Instru-
ments Service Division whose address will be found inside the rear cover of
the Service Manual.

Addressing

6. To carry out an instruction to set the analyser DIO lines to MLA or MTA
proceed as follows:-

(1) Set DIO lines 1 to 5 to conform to TF 2357 or TF 2356 rear panel
ADDRESS switch settings.

(2) For MLA set DIO line 6 high and line 7 low.
(3) For MTA set DIO line 6 low and line 7 high.

Pressing the EXECUTE button will then operate the handshake to designate the
instrument as a listener or a talker.

MAIN SEQUENCE
Preliminary
7. Set initial conditions as follows:-—
(1) Connect instrument alone to bus analyser and switch analyser on.

(2) Set instrument ADDRESS switches on rear panel to 0001010 (TF 2357)
or 0000010 (TF 2356).

(3) Set analyser to INT CLOCK on rear panel and set the following

controls:-

REN D 0
MEMORY : OFF
COMP : OFF
TALK/LISTEN : TALK
FAST/SLOW/HALT : HALT
SRQ : 0
EOI : 0
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0
00101010 (TF 2357)
00100010 (TF 2356)

ATN
DIO

Interface power—on

8. To check interface power—on continue as follows:-

(1) Switch instrument on and check display shows 1000.00 kHz. If not,
go to '"Power-up fault'.

(2) Check REMOTE lamp is off. If not, go to 'Remote lamp fault'.

(3) Enter 1 kHz on instrument keyboard and check that it is displayed
correctly. If not, go to 'Incorrect local operation'.

(4) On analyser check that the following lamps are off:-

NDAC - If not, go to 'Acceptor handshake control fault (a)'.
DAV - If not, go to 'Source handshake fault'.

NRFD - If not, go to 'Acceptor handshake control fault (a)'.
SRQ - If not, go to 'Service request fault'.

EOI - If not, there is a fault with AB7 transceiver IC4x
ATN - If not, go to 'ATIN output fault',

IFC - If not, there is a fault with AB7 transceiver IC3.
REN - If not, go to 'REN output fault'.

(5) Temporarily switch analyser to LISTEN and check that analyser data
display shows 000 octal or 00 hex. Switch back to TALK.

Acceptor handshake, addressing and remote

9. Handshake, addressing and remote/local operation are checked as
follows:-

Acceptor handshake
(1) On analyser check that NDAC lamp comes on and NRFD lamp remains
off when REN and ATN are both set to 1. If not, go to 'Acceptor
handshake control fault (a)'.
(2) Press and hold EXECUTE button. Check NRFD lamp comes on and NDAC
lamp goes off (DAV lamp will be on). If not, go to 'Acceptor handshake
control fault (b)'.

(3) Release EXECUTE button and check that NDAC lamp comes on and NRFD
lamp goes off. If not, go to 'Acceptor handshake control fault (a)’'.

Listen address

(4) Set ATN to O and check NDAC lamp remains on. If not, go to 'Data
input and message decoder fault'.

(5) Check NDAC lamp goes off when IFC switch is pressed. If not, go

to 'Unlisten fault'.

Chap. 5, Annex A
Page 4 Feb. 80




H 52356-900D
H 52357-900Z

(6) Set analyser DIO switches to 00110101 (TF 2357) or 00100011
(TF 2356) for other listen address. Set AIN to 1 (NDAC lamp comes on)
and press EXECUTE.

(7) Check NDAC lamp goes off when AIN is set to 0. If not, to to
'Data input and message decoder fault'.

(8) Set instrument ADDRESS switches to 0010101 (TF 2357) or 0000011
(TF 2356).

(9) Set ATN to 1 and press EXECUTE. Reset ATN to 0 and check NDAC
lamp stays on. If not, go to 'Data input and message decoder fault'.

(10) Set analyser DIO lines to 00111111 (to assert UNL). Set AIN to 1
and press EXECUTE.

(11) Check NDAC lamp goes off when ATN set to 0. If not, go to
'Programmed unlisten fault'.

Local/remote

(12) Check instrument REMOTE lamp is on. If not, go to 'Remote/local
fault'.

(13) Check REMOTE lamp goes off when REN is set to 0. If not, go to
'"Remote fault'.

(14) Reset REN to 1 and set DIO lines to 00110101 (TF 2357) or 00100011
(TF 2356). Set ATN to 1 and press EXECUTE. Check REMOTE lamp comes oOn.

(15) Check REMOTE lamp goes off when C key on instrument is pressed (to
assert rtl). If not, go to 'rtl fault'. Restore TF 2357 display by
re—entering 1 kHz.

(16) Press EXECUTE (REMOTE lamp comes on).

(17) Set DIO lines to 00010001 (LLO) and press EXECUTE.

(18) Press C key on instrument and check REMOTE lamp remains on. If
not, go to 'LLO fault'.

(19) Set DIO lines to 00000001 (GTL). Check REMOTE lamp goes off when
EXECUTE is pressed. If not, go to 'GTL fault'.

(20) Set DIO lines to 00110101 (TF 2357) or 00100011 (TF 2356) and
press EXECUTE (REMOTE lamp comes on).

Service request

10.

Feb.

To check the service request operation continue as follows:i-—

(1) Response to incorrect data: Check SRQ lamp is off. If not, go to
'"NPRS fault'. Set AIN to O and press EXECUTE (to send incorrect data)
and check SRQ lamp comes on (TF 2356 display will blank). If not, go
to 'Service request fault',
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80 Page 5




H 52356-900D
H 52357-900Z

-

(2) Set ATN to 1 and set DIO lines to 01010101 (TF 2357) or 01000011
(TF 2356) and press EXECUTE to send MTA.

(3) Set DIO lines to 00011000 (SPE) and press EXECUTE (TF 2356 display
shows dots).

(4) Set analyser to LISTEN (TF 2357 display blanks, TF 2356 no visible
response). Check that SRQ lamp goes off. If not, go to '"SPE fault'.

(5) Check DAV lamp comes on. If not, go to 'SPAS fault'.

(6) Check analyser display shows 140 octal or 60 hex. If not, go to
'Data output latch fault'.

(7) Check DAV lamp goes off when EXECUTE is pressed and held. If not,
go to 'Source handshake fault'.

(8) Release EXECUTE button and check analyser display shows 061 octal
or 31 hex. If not, go to 'Data output latch fault'.

(9) Check DAV lamp goes off when analyser set to TALK. If not, AB6
IC7c is faulty.

(10) Set DIO lines to 01010100 (TF 2357) or 01000010 (TF 2356) and-
press EXECUTE to send OTA.

(11) Switch analyser to LISTEN and check DAV lamp remains off. If not,
go to 'OTA fault'.

(12) Check analyser display shows 000 octal or 00 hex. If not, there
is a fault with AB7 IC7e.

(13) Switch analyser to TALK. Set DIO lines to MTA and press EXECUTE.

(14) Set DIO lines to 00011001 (SPD) and press EXECUTE. Check instru-—
ment display is restored. If not, go to 'SPIS fault'.

(15) Set DIO lines to 00011000 (SPE) and press EXECUTE. TF 2356
display shows dots, TF 2357 display is unaffected.

(16) Set DIO lines to MTA and press EXECUTE. Switch analyser to
LISTEN. DAV lamp comes on and TF 2357 display blanks.

(17) Send IFC and check display is restored. If not, go to 'IFC fault'.

Transfer of data and commands

11. During the course of these checks any incorrect data received will
cause the SRQ lamp to illuminate - for a mistake made in entering data
switch instrument off, then on and repeat 11(1) onwards. To check the
transfer of data continue as follows:—

(1) Set analyser to TALK. Set DIO lines to 00110101 (TF 2357) or
00100011 (TF 2356) and press EXECUTE to send MLA.
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(2) Set ATN to 0. Set DIO lines to 01000110 (ISO F) and press and
hold EXECUTE button. Check NDAC lamp goes off. If not, go to
'Acceptor handshake control fault (b)'.

(3) Release EXECUTE button and check SRQ lamp is off. If not, go to
'Binary/decimal decoder fault'.

(4) Set DIO lines to 00110001 (ISO 1) and press EXECUTE. Check
Instrument shows 1 in FREQUENCY window and ENTER lamp comes on. If
not, go to 'Binary/decimal decoder fault'.

(5) Set DIO lines to 00110010 (ISO 2) and press EXECUTE. Check
Instrument shows 12 in FREQUENCY window. If not, go to 'Binary/decimal
decoder fault'.

(6) Set DIO lines to 00110100 (ISO 4) and press EXECUTIE. Check
Instrument shows 124 in FREQUENCY window. If not, go to 'Binary/decimal
decoder fault'.

(7) Set DIO lines to 00111000 (ISO 8) and press EXECUTE. Check
Instrument shows 1248 in FREQUENCY window. If not, go to 'Binary/
decimal decoder fault'.

(8) Set DIO lines to 01001011 (ISO K — for kHz) and press EXECUIE.
Check instrument shows 1248.00 kHz in FREQUENCY window. If not, go to
'Binary/decimal decoder fault'.

(9) Set DIO lines to 00001101 (CR) and press EXECUTE. Check ENTER
lamp goes off. If not, go to 'Binary/decimal decoder fault'.

(10) TF 2357 only: Set ATN to 1 and set DIO lines to 00001000 (GET)
and nress EXECUTE, Check that SRQ lamp comes on. If not, go to 'GET
fault'.

Device clear

(11) Set ATN to 1 and set DIO lines to 00000100 (SDC) and press
EXECUTE while watching instrument display. Check that it blanks
briefly, shows software version number, then displays 1000.00 kHz. If
not, go to 'SDC fault'.

(12) Set DIO lines to 00010100 (DCL) and press EXECUTE while watching
instrument display. Check that it blanks briefly, shows software
version number, then displays 1000.00 kHz. If not, AB6, ICl is faulty,
go to '"Data input and message decoder fault'.

(13) Set DIO lines to 00000100 (SDC) and press EXECUTE. Check that
instrument display is unaffected.

Controller functions TF 2356

12. The sender controller functions may be checked (but not comprehensively)
as follows:—

(1) Set analyser to FAST and LISTEN. Set sender rear panel switch to
SLM CONTROLLER.
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(2) Switch SLM CONTROL to ON (display goes off briefly, then is
restored). Check analyser REN lamp comes on.

(3) Set analyser to HALT. Set sender SLM control to START (display
will be replaced by 6 dots).

(4) Check that analyser displays 030 octal or 18 hex. If not, check
data bus on analyser rear panel using Table 1 to localize faulty signal
(note signals are asserted low).

(5) Single step through bus operations using EXECUTE button. Check
at each step that analyser display agrees with Table 1. TIf not, check
data bus to localize faulty signal.

TABLE 1 CONTROLLER FUNCTIONS - TF 2356

Display Signals DIO Lines AT
Oct Hex Asserted | g 7, ¢ 5 4 3 2 1
030 18 SPE M. B, B B BB ool Br| b
101 41 TAD . L & H e cemebgomipt| g
137 5F UNT H L H L L L L L L
031 19 SPD B iR OOghets gpeonyg gl R | L
077 3F UNL B ¥ ® & T & & L| L
041 21 MLA H H L H H H H L L
106 46 F B L. & 8 B L L W] H

H3 3.4V; L <0.8V

FAULT FINDING

Power—-up fault

13.

Check for a power-up fault as follows:—

(1) Remove GPIB boards then switch on and confirm that instrument
powers—up correctly. If not, fault does not lie in interface boards.

(2) Replace boards in instrument with ABl6 on extender board. Switch
on and check RESET AB16,29 (TF 2357) or AB16,28 (TF 2356) for +7.5 V.
If not, check AB16,B30 (TF 2357) or AB16,B28 (TF 2356) for O V. 1If
not, SDC or DCL signal is faulty, go to 'Data input and message decoder
fault'.

(3) Switch off, then on while checking AB16,B31 (TF 2357) or AB16,B29
(TF 2356) for 0.5 s +5 V pulse. If not, there is possibly a fault in
power reset circuitry, go to 'Power—on reset fault'.

(4) Check AB16 ICl pin 3 (TF 2357) or pin 10 (TF 2356) for O V. If
not, latch ICl is faulty.
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(5) There is a fault with level shifter TR6 (TF 2357) or TR5 (TF 2356).

Power-on reset fault

14.

Check for a power—on reset fault as follows:-

(1) Switch instrument off, then on while checking for initial 0.5 s
negative pulse on AB6,6. If not present, there is possibly a faulty
connection to RESET OUT AB2,28.

(2) Switch off, then on while checking for 0.5 s positive pulse on
AB6,5. If not present IC9b is faulty.

(3) Switch off, then on while checking for negative pulse on AB6,B5.
If not present IC9a is faulty.

SDC fault

15.

Check for a selected device clear fault as follows:-

(1) Check AB6,6 for 30 us positive pulse when EXECUTE is pressed. If
not, go to 'Data input and message decoder fault'.

(2) Check AB16,28. If low, there is a fault with AB2,D8 or RESET
INPUT of ICL.

(3) There is a fault with AB16 ICl or inverter TR5.

Remote lamp fault

16.

Check for a remote lamp fault as follows:-
(1) If AB6,10 is O V there is a fault on AE2.

(2) If AB6,10 is +5 V there is a fault in remote/local logic on AB6.
Go to 'Remote/local fault'.

Incorrect local operation

17.

Feb.

Check for incorrect local operation as follows:—

(1) Check ABl6,24 for a steady +7.5 V. If so, fault is not with GPIB
boards and instrument is probably misreading remote message from
interface. Fault probably lies with AB3 IC7.

(2) Check AB16, B24 for O V. If so, there is a fault with Inverter
TR1.

(3) Check AB6,10 for O V. 1If so, there is a fault with AB5 data
selectors. Go to 'Data selector fault'.
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(4) There is a fault with remote/local logic on AB6. Go to 'Remote/
local fault' and fault on REMOTE lamp driver on board AE2.

rtl fault

18. Check for a return to local fault as follows:-

(1) Place AB6 on extender board and switch on. With REN and ATN at 1
press EXECUTE to send MLA (REMOTE lamp comes on).

(2) Check AB6,9 for positive rtl pulse when C key is pressed. If not,
fault in RAM 1 output port or interconnections.

(3) Localize fault by comparing logic levels with those shown in

Fig. 1.
et
9
LLO
@{ . REFOTE__ | o
8
©
pon
®
ics |© i_
14 15 &4
REN®[ © 1c7 J@u-k © 1ce

madace

Fig. 1 'rtl fault' logic levels (pulse occurs when C key is pressed)

LLO fault
19, Check for a local lockout fault as follows:-

(1) Place AB6 on extender board and switch on. Set DIO lines to MLA
and with REN and ATN at 1 press EXECUTE (REMOTE lamp comes on).

(2) Set DIO lines to 00010001 (LLO). Check AB6 IC8 pin 9 for positive
pulse each time EXECUTE is pressed. If not present, go to '"Data input
and message decoder fault'.

(3) Localize fault by comparing logic levels with those shown in
Figs 2.
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g @ Ken
@{ , lcs 2 :
AT 1 |&
8
® ©
pon
©
ico  |© §| :
REN 14 >015 &4
® © Ic7

mraLIcE

Fig. 2 'LLO fault' logic levels (LLO pulse occurs when analyser
EXECUTE button is pressed, rtl pulse occurs when instrument
C key is pressed).

GIL fault
20. Check for a go to local fault as follows:-

(1) Place AB6 on extender board and switch on. Set DIO lines to MLA
and with REN and ATN at 1 press EXECUTE (REMOTE lamp comes on).

(2) Set DIO lines to 00000001 (GTL). Check AB6 IC6 pin 8 for positive
pulse each time EXECUTE is pressed. If not present, go to 'Data input
and message decoder fault'.

(3) 1IC6a is faulty.

Remote fault

21, Check for a remote fault as follows:-—

(1) Place AB6 on extender board and switch on. Check AB6,10 is low.
If not, go to 'Power-on reset fault'.

(2) Localize fault by comparing logic levels with those shown in
Fig;: 3
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REMOTE

10

TBLICE

Fig. 3 'Remote fault' logic levels (>1 s after switeh-on)

Remote/local fault

22,

Check for a remote/local fault as follows:-

(1) Place AB6 on extender board. Set REN and ATN to 0 and switch
instrument on. If AB6,10 is low and REMOTE lamp is on, there is a
fault with board AE2,

(2) Check AB6,14., If high, there is a transceiver or interconnection
fault.

(3) Set REN and ATN to 1. Press EXECUIE while checking AB6 IC6 pin 11
for negative MLA pulse. If not present, there is probably a fault with
ICl.

(4) Localize fault by comparing logic levels with those given in
Fig. 4.

© rtl

REMOTE_ | 0

AB 6

mBLICE

Fig. 4 'Remote/local fault' logic lévels (pulses occur when EXECUTE pressed)
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Service request fault

23. Check for a service request fault as follows:-

(1) Switch off, then on and set ATN to 1. Set DIO lines to MLA and
press EXECUTE.

(2) Set ATN to O and press EXECUTE (to send faulty data) while watching
AB6,B8. Check for a positive pulse (TF 2356) or continuous pulsing
(TF 2357). If not, either AB5 IC7 or ROM 3 output port is faulty.

(3) Place AB6 on extender board. Repeat steps (1) and (2) above then
localize fault by comparing logic levels with those given in Fig. 5
(to generate TF 2356 rsv pulse repeat steps (1) and (2) above).

@ SPMS

B18

B8

rsv

®

SRQ f

Ic9

TPBLIOT

Fig. 5 'Service request fault' logic levels
(see text for rsv pulse generation)

(4) Check AB6,8 is high. If not, there is a fault with transceiver
Ic2.

NPRS fault
24, Check for a negative poll response state fault as follows:-—
(1) Place AB6 on extender board and switch on. If SRQ lamp is still

on, localize fault by comparing logic levels with those given in
Fig. 6.
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&
SPO

: 10 © SPMS B18

® ©_ B8

® ., ®® o
;:% ® }: B e

pon PBLIOT

Fig. 6 'NPRS fault' logic levels (pulses occur at switch-on)

SPE fault
25. Check for a serial poll enable fault as follows:-—

(1) Place AB6 on extender board and switch on. Check REN and ATN are
at 1 and switch analyser back to TALK. Set DIO lines to MLA and press

EXECUTE.

(2) Set ATN to O and press EXECUTE to send faulty data. Check SRQ
lamp comes on.

(3) Set ATIN to 1. Set DIO lines to MIA and press EXECUTE.

(4) Set DIO lines to 00011000 (SPE). Check IC4 pin 6 for positive
pulse each time EXECUTE is pressed. If not, go to 'Data input and
message decoder fault'.

(5) Set analyser to LISTEN and localize fault by comparing logic
levels with those shown in Fig. 7.

SRQ

Ico © e ©

pon ™BLI107

Fig. 7 'SPE fault' logic levels
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SPAS fault

26. Check for a serial poll active state fault as follows:-—
(1) Check AB7,B10 is high. If not, go to 'Talker addressed latch
faule?®.
(2) Check AB7,30 is high. If not, go to 'Data output latch fault'.
(3) Place AB7 on extender board and switch on. Check REN and ATN are
at 1 and switch analyser back to TALK. Set DIO lines to MLA and press
EXECUTE.
(4) Set ATN to O and press EXECUTE to send faulty data. Check SRQ
lamp comes on.
(5) Set ATN to 1. Set DIO lines to MTA and press EXECUIE.

5 (6) Set DIO lines to 00011000 (SPE) and press EXECUTE.

(7) Set analyser to LISTEN and localize fault by comparing logic
levels with those shown in Fig. 8.

SOURCE HANDSHAKE

ice s s ©
i oyt L iz Al 5|I . 29
e[
© ® ©
13
Eg“ af3 - ? 3| © Icn
3
cs O 1c12 e 1O T AL c_‘
. @ c 3 @ . nba (PD]D
10 :(i:—
1c6 ®
@ 1
1c6
: TACS ﬁz (O)
d NRFD g,
7
Toic pin12 - © NDAC
® nrro - 2 =
H ® To 1G4 pin 12 1c7 TACS/SPAS ®Bw
Onoac 9 162 18, cuoke ?DICSpinfz,Cl;)Loq,f'_
o) SRR |
PR 127

Fig. 8 'SPAS fault' logic levels

SPIS fault
27. Check for a serial poll idle state fault as follows:-
(1) Check AB6,B18 is low. If not, go to 'SPD fault'.

(2) Check AB5,B18 is low. If not, go to 'Data selector fault'.
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SPD fault
28. Check for a serial poll disable fault as follows:-

(1) Place AB6 on extender board and switch on. Check REN and ATN are
at 1. Set DIO lines to MLA and press EXECUIE.

(2) Set ATN to O and press EXECUIE to send faulty data. Check SRQ
lamp comes on.

(3) Set ATN to 1. Set DIO lines to MIA and press EXECUTE.
(4) Set DIO lines to 00011001.

(5) Check IC4 pin 8 for positive pulse each time EXECUTE is pressed.
If not, go to 'Data input and message decoder fault',

(6) There is a fault with IC4.

Data input and message decoder fault

29. Check for a data input and message decoder fault as follows:—

(1) Place AB6 on extender board. Switch analyser to TALK and set ATN
and REN to 1. Send IFC.

(2) Monitor AB6 ICl pins 7 to 9, 24 to 27 and check that these pins
respond to analyser DIO switch settings (DIO lines set to 1 take
associated ICl pins high). If not, check for an interconnection or
transceiver fault.

(3) Monitor AB6 ICLl pins 2 to 6 and check that these pins respond to
ADDRESS switch settings Al to A5. If not, check associated pull-up
resistors or intercomnections.

(4) Check ICL pin 23 for 30 us positive pulse when EXECUTE is pressed.
If not, and there is a pulse on ICll pin 12, IClld is faulty. If pulse
not present go to 'Acceptor handshake control fault (b)'.

(5) Check ICl pin 22 is low. If not, go to 'IFC fault'.

(6) Set instrument ADDRESS switches to 0010101 (TF 2357) or 0000011
(TF 2356). Check ICl pin 18 (MA) is high. If not, ICl is faulty.

(zl_ Press EXECUTE and check for 30 ps negative pulse on ICl pin 10
(MLA). If not, pull-up resistor or ICl is faulty.

(8) Press EXECUTE and check for positive pulse on ICl pin 11 (MLA/MTA).
If not, pull-up resistor or ICl is faulty.

(9) Press EXECUTE and check for positive pulse on IC2 pin 7 (MLA) . If
not, there is a fault with ICl or IC2 (see Tables 2 and 3 for logic
levels).

(10) Check for low on ICl pin 21. If not, go to 'Listener addressed
latch fault'.
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TABLE 3 MESSAGE DECODER - AB6

Comnaiil IC2 Input Pins IC2 Output Pins
Asserted 11 10 12 13 |1 2 3 ¢ S5 6 7 14 15
SPE L L H L H L L L L L L L L
LLO L L L H L H L L L L L L L
GET L L L L L L H L L L L L L
MTA L H H H L L L H L L L L L
UNL H H L L L L L L H L L L L
SPD L H H L L L L L L H L L L
MLA L L H H L L L L L L H L L
GTL L H L L |L L L L L L L H L
SDC,DCL L H L H L L L L L L L L H
(L = 30 us (H = 30 pus positive pulse)
negative pulse)
H = +5 V3 L=0V

(11) Set DIO lines on analyser to send addressed commands GET, SDC, GTIL
and lastly UNL while checking IC2 pins 15, 3, 14 and 5 respectively for
30 pus positive pulse each time EXECUTE is pressed. If not, there is a
fault with ICl or IC2 (see Tables 2 and 3 for logic levels).

(12) Set DIO lines to send universal commands DCL, 1LLO, SPE and SPD
while checking IC2 pins 15, 2, 1 and 6 for 30 us positive pulse each
time EXECUTE is pressed. If not, there is a fault with ICL or IC2
(see Tables 2 and 3 for logic levels).

(13) Set DIO lines to MLA and press EXECUTE. Reset DIO lines to MTA
and check ICL pin 11 for 30 ps positive pulse when EXECUTE is pressed.
If not, ICl is faulty.

(14) Press EXECUTE while checking for pulse on IC2 pin 4. If not, ICl
or IC2 is faulty (see Tables 2 and 3 for logic levels).

(15) Set DIO lines to 01010100 (TF 2357) or 01000010 (TF 2356) to
assert OTA. Press EXECUTE while checking for pulse on ICl pin 15. If
not, ICl or pull-up resistor is faulty. Replace AB6.

Listener addressed latch fault

Check for a listener addressed latch fault as follows:-—

(1) Place AB6 on extender board. Set analyser to TALK and check REN
and ATN are at 1. Set DIO lines to MLA and press EXECUTE.

(2) Set DIO lines to 00111111 (UNL) and press EXECUTE.
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(3) Check logic levels agree with those shown in Fig. 9.

@ Zp@ Ics MLA/MTA
.—TQQ i 8
¥ s © s ®
O]
:© — : 2
L@MLA UNL i
5 12 ®@ 1 © T it ©
LACS ' ! 3
Ic5 ® 1c10 @L—J
pon ®©
:! 9
STROBE © N 10 9 i i S Gl
© enN® 0o \ iL
REN . ®
-— — o1 : 12 " REN - '3
ATN REN A Ics-——[?gﬂ— oL 18

Fig. 9 'Listener addressed lateh fault' logic levels

(4) Check ICll pin 6 for positive pulse when EXECUTE is pressed. If
not, go to 'Address recognition strobe fault'.

(5) Check IC3 pin 11 for positive pulse when EXECUTE is pressed. If
not present, and there is a pulse on ICll pin 5 when EXECUTE is
pressed, then ICllb is faulty.

(6) Check IC3 pin 12 goes low when EXECUTE is pressed to send MLA.
If not, check IC3 pin 9 for 30 us positive pulse each time EXECUTE is
pressed. If pulse not present, go to 'Data input and message decoder
fault; if pulse present, there is a fault with IC3b.

(7) Set ATN to O and check AB6,Bll is high. If not, and AB6,Bl4 is
low, then IC5d is faulty.

(8) If AB6,Bl4 is high, go to 'REN and ATN gating logic fault'.

Address recognition strobe fault

Check for an address recognition strobe fault as follows:—

(1) Place AB7 on extender board. Check REN and ATN are at 1. Set
DIO lines to MLA,

(2) Check AB7,B16 for positive pulse when EXECUTE is pressed to send

MLA. If not, localize fault by comparing logic levels with those
shown in Fig. 10.
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Fig. 10 'Address recognition strobe fault' and 'Aeceptor handshake
control fault (b)' logic levels
Unlisten fault
32. Check for an unlisten fault as follows:-—
(1) Place AB6 on extender board and switch on. Set REN and ATN to 1. )

Set DIO lines to MLA and press EXECUTE.

(2) Set ATN to O. Hold IFC asserted and check AB6 IC3 pin 10 is high.
If not, localize fault by comparing logic levels with those shown in
Fig. 11.

(3) Release IFC. Check IC3 pin 12 is high. If not, IC3b is faulty.

(4) Check AB6,Bll. If low, go to 'Acceptor handshake control fault
(a)'.

(5) 1If AB6,Bll is high, IC5d is faulty.

Chap. 5, Annex A
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Fig. 11 'Unlisten fault' logic levels

Programmed unlisten fault

33.

Check for a programmed unlisten fault as follows:-

(1) Place AB6 on extender board and switch on. Set REN and ATN to 1.
Set DIO lines to MLA and press EXECUTE.

(2) Set DIO lines to 00111111 (UNL).

(3) Check IC2 pin 5 for decoded UNL pulse when EXECUTE is pressed. If
not present, go to'Data input and message decoder fault'.

(4) Check IC3 pin 12. If low, IC3b or ICLOb is faulty.

(5) Set AIN to O and check AB6,Bll. If low, go to 'Acceptor handshake
control fault (a)'.

(6) 1IC5d is faulty.

Talker addressed latch fault

34,

Check for a talker addressed latch fault as follows:-—

(1) Place AB6 on extender board and switch on. Switch analyser to

TALK and check REN and ATN are at 1. Set DIO lines to MLA and press
EXECUTE.

(2) Set DIO lines to 00111111 (UNL) and press EXECUIE.

(3) Check logic levels agree with those shown in Fig. 12.

Chap. 5, Annex A
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Fig. 12 'Talker addressed lateh fault' logic levels

(4) Check ICll pin 6 for positive pulse when EXECUIE is pressed. If
not, go to 'Address recognition strobe fault'.

(5) Set DIO lines MTA.

(6) Check IC3 pin 3 for positive pulse when EXECUTE is pressed. If
not present, and there is a pulse on ICll pin 5 when EXECUTE is pressed,
then ICllb is faulty.

(7) Check IC3 pin 2 goes low when EXECUTE is pressed. If not, check
IC3 pin 5 for positive pulse each time EXECUTE is pressed. If pulse
not present, go to 'Data input and message decoder fault'; if present
there is a fault with IC3a.

(8) Set ATN to O and check AB6,B10 is high. If not, and AB6,Bl4 is
low, then IC7c is faulty.

(9) 1If AB6,Bl4 is high, go to "REN and ATN gating logic fault',

Acceptor handshake control fault (a)

35. Check for an acceptor handshake fault when instrument is not addressed
as a listener as follows:-—

(1) Switch off, then on to return instrument to local. Compare logic
levels on AB7 B29, B32 and B3l with analyser DAV, NRFD and NDAC lamps
respectively. A lamp lit corresponds with a low on the relevant
contact. If not, check rear panel interconnections.

(2) Set REN and ATIN to 1. Send instrument to remote by setting DIO
lines to MLA and pressing EXECUTE.

Chap. 5, Annex A
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(3) Set DIO lines to 00111111 (UNL) and press EXECUIE.

(4) With ATN at 1 check AB7,B9 is high and AB7,B11 is low. Set AIN
to O and check AB7,B9 and AB7,Bll are both low. If not, go to
'Listener addressed latch fault'.

(5) Set ATN to 1 and check AB7,Bl4 is high. Set ATN to O and check
AB7,Bl4 is low. If not, go to 'REN and ATN gating logic fault'.

(6) Localize fault by comparing logic levels with those shown in
Fig. 13.

o
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. . - l |
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1c7 icn
3 3
® YO ®
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o ©
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Fig. 13 'Acceptor handshake control fault (a)' logic levels
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The acceptor handshake timing diagram is shown in Fig. 14,
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Shift in  CONTACT1S o
IC9 PIN 3 -
}-——d LISTEN ADDRESS ——-| *-——— DATA o
.
Fig. 14 Acceptor handshake timing diagram
(arrows go from cause to effect)
Acceptor handshake control fault (b)
36. Check for an acceptor handshake fault when instrument is as a listener
as follows:—
(1) Place AB7 on extender board and switch on. Set REN and AIN to Il
Set DIO lines to MLA and press EXECUTE.
(2) Localize fault by comparing logic levels with those shown in
Fig. 10.
The acceptor handshake timing diagram is shown in Fig. l4. e
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REN and ATN gating logic fault

37.

Check for a REN and ATN gating logic fault as follows:-—

(1) Place AB6 on extender board. Switch instrument back on (instrument
goes to local). Set ATN to 1.

(2) Check AB6,13 is low. If not, go to 'REN output fault'.

(3) Check AB6,18 is high. If not, there is a fault with AB7 IC3 or
interconnections.

(4) Check AB6,5 is low. If not, go to 'Power-on reset fault',

(5) Localize fault by comparing logic levels with those shown in
Fig. 15.

Bs®_._¢(’ t:_zm ,i @—_TB ®

AIDS 3 @ 5

ICS : ICS @
Bit ® 13 Lo ——
LACS Tt CADS

® = ® : O,
B4 — “—{[s

ATN, REN

s © s @ AN ®

Ic9

TPALIZE

Fig. 15 'REN and ATN gating logie fault' logic levels

Source handshake fault

38.

Check for a source handshake fault as follows:-

(1) Place AB7 on extender board and switch on. Switch analyser to
TALK and check REN and ATN are at 1. Set DIO lines to MLA and press
EXECUTE.

(2) Set DIO lines to 00111111 (UNL) and press EXECUTE.

(3) Check AB7,B10 is low. If not, go to 'Talker addressed latch
fault'.

(4) Set ATIN to O and check logic levels agree with those shown in
Fig. 16.

(5) Set AIN to 1. Set DIO lines to MLA and press EXECUTE.

(6) Set ATN to O and press EXECUTE to send incorrect data. Check SRQ
lamp comes on. If not, go to 'Service request fault'.

(7) Set ATN to 1. Set DIO lines to MTA and press EXECUTE.

Chap. 5, Annex A
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Fig. 16 'Source handshake fault' logic levele
(8) Set ATN to 0. Check AB7,B10 is high. If not, go to 'Talker
addressed latch fault'.

(9) Set ATN to 1. Set DIO lines to 00011000 (SPE) and press EXECUTE
(TF 2356 display shows dots).

(10) Set analyser to LISTEN (TF 2357 display blanks). Check NDAC and
DAV lamps are lit.

(11) Check AB7,30 is high. If not, go to 'Data output latch fault'.

(12) Check AB7,7 is high. If not, check transceiver IC2. Check IC7
pin 6 is high. If not, there is a gating fault, check ICs 7c and 8a.

(13) Check AB7,30 for a narrow negative pulse when EXECUTE is pressed.
If not, go to 'Data output latch fault'.

(14) Check AB7,29 for a positive pulse when EXECUTE is pressed. If
not, there is a gating fault, checks IC s 6d and 8b.

The source handshake timing diagram is shown in Fig. 17.
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Fig. 17 Source handshake timing diagram
(arrows go from cause to effect)

Binary/decimal decoder fault

39. Check for a binary/decimal decoder fault as follows:-

(L) Place AB5 on extender board. Check REN and AIN are at 1 and set
DIO lines to MLA and press EXECUTE.

(2) TF 2357 only: Check IC7 pin 14 for 0.1 ms positive pulses at
approx. 40 Hz, Check IC7 pin 15 for 0.6 ms negative pulses at approx.
40 Hz. If not, there is a fault with IC7 or ROM 3 output port.

(3) TF 2356 only: Check IC7 pin 14 for 1.4 ms positive pulses at
approx. 500 Hz. Check IC7 pin 15 for 0.6 ms positive pulses occurring
when pin 14 goes low. If not, there is a fault with IC7 or ROM 3
output port.

(4) Load bus analyser memory in every location with CR (015 octal, OD
hex) to prevent instrument asserting SRQ. Switch analyser to SLOW.

(5) TF 2357 only: Check IC7 pin 2 for 2 MS positive pulses directly
following pulses on IC7 pin 14. Check IC7 pin 1 for 60 us positive
pulses following negative transitions of pulses on IC7 pin 15. If not,
there is a fault with IC7 or ROM 3 output port.

Chap. 5, Annex A
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(6) TF 2356 only: Trigger oscilloscope from and display pulses on
IC7 pin 2. Check for 50 us pulse followed 250 us later by 20 us pulse.
Transfer to IC7 pin 1 and check for 20 us pulses directly following

50 pys pulses on IC7 pin 2. If not, there is a fault with IC7 or ROM 3
output port.

(7) Check for positive pulses on ICl0 pin 4. If not, and there are
pulses on IC7 pin 1, then IC10b is faulty.

(8) Switch analyser to HALT. Check AB5,20 is high. If not, there is
a fault with ICl or IC2.

(9) Check AB5,19 is low. If not, go to 'Acceptor handshake control
fault (b)"'.

(10) Switch analyser to SLOW and check AB5,19 for positive pulses. If
not, switch analyser to HALT and go to 'Acceptor handshake control
fault-(b)".

(11) Check AB5,20 for narrow negative pulses. If not, ICl or IC2 is
faulty.

(12) Switch analyser to HALT and go to 'Data selectors and ROM 3 input
port fault (b)'.

Data output latch fault

40. Check for a data output latch fault as follows:-

(1) Place AB5 on extender board and switch on. Check REN and ATN are
at 1 and switch analyser back to TALK. Set DIO lines to MLA and press
EXECUTE.

(2) Set ATN to O and press EXECUIE to send faulty data. Check SRQ
lamp comes on.

(3) Set ATN to 1. Set DIO lines to MTA and press EXECUTE.
(4) Set DIO lines to 00011000 (SPE) and press EXECUTE.

(5) Set analyser to LISTEN (to clock in first status byte). Check
IC8 pins 2, 10, 11 and 1 are all low. If not, check IC8 pin 5 for 0.1
ms positive pulse each time EXECUTE is pressed. If pulse present, go
to '"RAM 0/1 output port to latches fault'; if pulses not present, go
to Binary/decimal decoder fault'.

(6) Check ICY9 pin 2 is low, and 1, 10 and 11 are high. If not, check
IC9 pin 5 for positive pulse each time EXECUTE is pressed. If pulse
present, go to 'RAM O/l output port to latches fault'; if not present,
go to 'Binary/decimal decoder fault'.

(7) Press EXECUTE (clocks in second status byte) and check IC8 pins
10, 11 and 1 are low, and 2 is high. Check AB5 IC9 pins 1, 2 and 10
are high and 11 is low. If not, go to "RAM 0/1 output port to latches
fault',
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(8) Check transceivers for fault.

RAM 0/1 output port to latches fault

41. Check for a RAM O (TF 2357) or a RAM 1 (TF 2356) output port to latches
fault as follows:-

{1) Place AB5 on extender board and switch on. Check REN and ATN are
at 1 and switch analyser to TALK. Set DIO lines to MLA and press

EXECUTE.

(2) Set AIN to O and press EXECUTE to send faulty data.
(3) Set ATIN to 1. Set DIO lines to MIA and press EXECUTE.
(4) Set DIO lines to 00011000 (SPE) and press EXECUTE.

(5) Set analyser to LISTEN (to clock in first status byte) and check
analyser display shows 140 octal or 60 hex. If not, there is a RAM
output port fault (further checks may be made using logic analyser to
monitor RAM output port lines - trigger from IC9 pin 5).

(6) Press EXECUIE (to clock in second status byte) and check analyser
display shows 061 octal or 31 hex. If not, there is a RAM output port
fault.

(7) 1If logic is correct but levels (+5 V, O V) are incorrect, check
AB16 resistors R6 to R9.

(8) IC8 or ICY9 is faulty.

REN output fault

42. Check for a REN output fault as follows:-—
(1) Place AB5 on extender board and switch on.
(2) Confirm that IC10 pin 6 is high (fault conditiom).
(3) Check IC4 pin 13. If low, IClOc is faulty.
(4) Switch off, then on while checking for positive-going pon pulse
on AB5 IC4 pin 10. If not present, go to 'Power—on reset fault'
preceded by interconnection check.
(5) Switch off, then on while checking AB5 IC4 pin 11 for absence of
positive-going clock pulse. If pulse present, there is a fault with

IC7 or its data input, go to 'Binary/decimal decoder fault'.

(6) IC4b is faulty.

Chap. 5, Annex A
Feb. 80 Page 29




H 52356-900D
H 52357-900Z

ATN output fault

43,

Check for an ATN output fault as follows:-

(1) Place AB5 on extender board and switch on.

(2) Confirm that IC10 pin 12 is high (fault condition).

(3) Check IC4 pin 1. If low, IClOe is faulty.

(4) Switch instrument off, then on while checking for positive-going
pon pulse on IC4 pin 4. If not, go to 'Power—on reset fault' preceded
by interconnection check.

(5) Switch instrument off, then on while checking IC4 pin 3 for
absence of positive-going clock pulse. If pulse present there is a

fault with IC7 or its data input, go to 'Binary/decimal decoder fault'.

(6) IC4a is faulty.

IFC fault

b4,

Data

Check for an IFC fault as follows:-

(1) Place AB6 on extender board and switch on. Check for high on
IC10 pin 9 when IFC is sent. If not, ICl0a is faulty.

(2) 1IC3a is faulty.

selector fault

45.

Check for a data selector fault as follows:-
(1) Place AB5 on extender board and switch on.

(2) Check IC6 pin 14 for high logic level. If not, there is a fault
with ROM 3 output port.

(3) Check IC7 pin 15 for high logic level (TF 2357) or positive pulses
(TF 2356). If not, there is a fault with IC7.

(4) Check IC5 pin 3. If high, go to '"Remote/local fault'.

(5) There is probably a fault with IC5 or IC6, go to 'Data selectors
and ROM 3 input port (a)'.

OTA fault

46.

Chap.

Page

Check for an other talker addressed fault as follows:-—

(1) Place AB6 on extender board and switch on. Check REN and ATN are
at 1 and switch analyser back to TALK. Set DIO lines to MLA and press
EXECUTE,
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(2) Set DIO lines to MTA and press EXECUTE.

(3) Set DIO lines to 01010100 (TF 2357) or 01000010 (TF 2356) and
press EXECUTE to send OTA.

(4) Check IC3 pin 2 is high. If not, check ICl pin 15 for positive
OTA pulse each time EXECUTE is pressed. If pulse not present, go to
'Data input and message decoder fault'.

(5) There is a fault with IC3a or IClOa.

GET fault

Check for a receiver GET fault as follows:i-—
(1) Set DIO lines to 00110101 (MLA) and press EXECUIE.

(2) Check AB16,28 is high. If not, and AB16,B28 and B29 are low, then
fault lies with IClab or TR5.

(3) 1If AB16,B28 is high, go to 'Data input and message decoder fault'.
(4) 1f AB16,B29 is high, go to 'Binary/decimal decoder fault'.

(5) Set DIO lines to 00001000 (GET) and check AB16,28 for negative
pulse when EXECUTE is pressed. If so, AB5, IC7 providing rsv signal

is probably faulty, go to 'Binary/decimal decoder fault'.

(6) Check AB16,B28 for positive pulse when EXECUTE is pressed. If so,
there is a fault with IClab or TR5. If not, ICl or IC2 on AB6 is
probably faulty.

(7) Check AB16,B29 for a positive pulse when EXECUTE is pressed. If
not, there is a fault with AB6 IC7 or ROM 3 output port.

(1) Place AB5 on extender board and switch on. Check REN and ATN are

(2) Set ATN to O and set DIO lines to 01000110. Press EXECUTE to send

(5) Check IC5 pin 5 is low. If not, gu to 'Service request fault'.

(7) Check IC5 pin 7 is low. If not, go to 'Source handshake fault'.

Chap. 5, Annex A

Data selectors and ROM 3 input port fault (a)
48. Check for a data selector or ROM 3 input port fault as follows:-
at 1 and set DIO lines to MLA and press EXECUTE.
ISO F.
(3) Set DIO lines to 00110001 and press EXECUTE to send ISO 1.
(4) Check AB> IC5 pin 1 is high. If not, IC3a is faulty.
(6) Check IC5 pin 3 is high. If not, go to 'Remote/local fault',
Feb.
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(8) Trigger oscilloscope from IC7 pin 15 and when high check IC5 pins
10 and 11 are low and pins 12 and 13 are high. If not, IC5 is faulty.
(9) Trigger oscilloscope from IC7 pin 15 and when high check B26 and
B27 are low and B24 and B25 are high. If not, IC6 is faulty.

selectors and ROM 3 input port fault (b)

49,

Chap.

Page

Check for a data selector or ROM 3 input port fault as follows:-—

(1) Place AB5 on extender board and switch on. Check REN and AIN are
at 1 and set DIO lines to MLA and press EXECUTE.

(2) Set ATN to O and set DIO lines to 01000110. Press EXECUTE to send
ISO F,

(3) Set DIO lines to 00110001 (ISO 1) and press EXECUTE.

(4) Check ICl pin 13 is high and pins 12, 11 and 10 are all low. If
not, ICLl is faulty.

(5) Check IC2 pins 13 and 12 are high and pin 11 is low. If not, IC2
is faulty.

(6) Trigger oscilloscope from IC7 pin 14 and when high check IC5 pins
10 and 11 are high and pin 12 is low. If not, IC5 is faulty.

(7) Trigger oscilloscope from IC7 pin 14 and check B26 and B27 are high
and B24 is low. If not, IC6 is faulty.

(8) Trigger oscilloscope from IC7 pin 2 and check 826 is high and B27,
B24 and B25 are all low when EXECUTE is pressed and IC7 pin 2 is high.
If not, IC6 is faulty.

(9) Trigger oscilloscope from AB5 IC7 pin 2 and check for a negative
pulse on AB16,26 when EXECUTE is pressed. If not, inverter TR4 is
faulty.

(10) Trigger oscilloscope from AB5 IC7 pin 2 and when high check for
a high logic level on ABl6, 27, 24 and 25. If not, there is a fault
with TR3, TRl or TR2 respectively (note that low level on contact 24
is 0 V).
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Components
Unir A0 - Main chassis
Unit Al - RF unit
Unit A2 - Local oscillator
Unit A5 - Power supply
Unit A4 - Display
Board AAl - Mixer
Board AA2 - Low-pass filter and amp.
Board AA3 - Power amp. and a.l.c. detector
Board AA4 - ALC controller
Board AA5 - Programmable attenuator
Board AA6 - Programmable attenuator
Board AA7 - Programmable attenuator
Board AA8 - Unbalanced matching
Board AA? - Balanced matching buffer
Board AA10 - Balanced matching
Board AAll - Frequency multiplier
Board AAl2 - Fine level control
Board ABl - %7.5 voltage regulator
Board AB2 - Microprocessor
Board AB3 - Memory
Board AB4 - Control interface
Board AB5 - Data buffer
Board AB6 - Address and message decoder
Board AB7 - Interface and handshake
Board AB8 - Mother board
Board AB9 - Keyboard
Board AB10 - Display
Board ABll - Rectifier and charger
Board AB12 - *12 V pre-regulator
Board AB13 - Motor control
Board AB15 - Rectifier and regulator
Board AB16 - Level shifter
Board ABI7 - Auxiliary memory
Board AB20 - Supply filter
Board ADl1 - Crystal oscillator
Board AD2 - Interpolation p.d.
Board AD3 - Interpolation var. divider
Board AD4 — Interpolation oscillator
Board AD5 - Translation phase detector
Board AD6 - Translation oscillator
Board AD7 - Output variable divider
Board AD8 - Qutput oscillator
Board AD9 - Output phase detector

May 80

H 52356-900D

Chap. 6
Page 1




H 52356-900D

Para.
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52 Board AE2 — Remote lamp
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INTRODUCTION

1.  Each sub-assembly or printed circuit board in this instrument has been
allocated a unit identification, e.g. A0, AA2, ABl etc.

e The complete component reference carries its unit number as a preiixr e.g.
AB3C3 (capacitor C3 on the memory board) but for convenience in the text and
on circuit diagrams the prefix is not used. However, when ordering replace-
ments or in correspondence the complete component reference must be quoted.

ABBREVIATIONS

3. The components are listed in alphanumerical order of the complete circuit
reference and the following abbreviations are used :

G : capacitor Plas : plastic
Carb : carbon R : resistor
Cer : ceramic S : switch
D : semiconductor diode SK : socket
Elec : electrolytic T : transformer
FS : fuse Tant : tantalum
IC : integrated circuit (package) TP : terminal
I : inductor TR i tramnsistor
LP : lamp Var : variable
Max : maximum W : watts at 70°C
ME : meter WW  : wirewound
Eet : metal X : ferrite bead
ic : mica Xl ~sexrystal
Min : minimum i : values selected during test;
Ox : oxide nominal value listed
PL : plug 1) : lead through

COMPONENT VALUES

4, One or more of the components fitted in this instrument may differ from
those listed in this chapter for any of the following reasons:

(a) Components indicated by a + have their values selected during test
to achieve particular performance limits.

Chap. 6
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H 52356-900D

Owing to supply difficulties, components of different value or type

may be substituted provided the overall performance of the instrument is
maintained.

(c)

As part of a policy of continuous development, components may be

changed in value or type to obtain detail improvements in performance.

5. When there is a difference between the component fitted and the one
listed, always use as a replacement the same type and value as found in the
instrument.

ORDERING

6. When ordering replacements, address the order to our Service Division
(address inside rear cover) or nearest agent and specify the following for

each component required :

(1)
(2)
(3)
(4)

Type* and serial number of instrument.
Complete circuit reference.
Description.

Marconi Instruments code number.

* As given on the serial number label at the rear of the instrument; if this
is superseded by a model number label, quote the model number instead of the
type number.

May 80
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1 Circuit notes
1 Component values
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3 PCB layouts
Page
Comp.
Fig. layout Cct.
1 Interconnection diagram ... . s S ¥a ces = 3/4
2 Motherboard terminations .. ou's oy = 5
e 3 RF unit - Boards AAl,AA2,AA3,AA4, AAll AAlZ . cnn B 7
4 RF unit - Boards AA5,AA6,AA7 arare ~oa rete Sielel= (D 9
5 RF unit - Boards AA8,AA9,AA10 o5 .e .o v cos 10 11
6 LO unit - Board ADI s » e st s csi 12 13
7 LO unit - Boards AD2,AD3,AD4 oFals vt e ees 14 15
8 1LO unit - Boards AD5,AD6 e oible R ess 16 17
9 1LO unit - Boards AD7,AD8,AD9 e T Srer soa 18 19
10 LO unit - Board ADIO 5 lste ees 20 21
11 Power supply unit - Boards ABI, ABll AB12, ABIS ‘s v v ool Ll 23
12 Control unit - Boards AB2,AB3, AB17 - oo ees 24 25
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CIRCUIT NOTES
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Capacitors : No suffix = microfarads, p = picofarads.
Symbols
2, Symbols are to BS 3936 with the following additions :
AN Static sensitive component
—O— Tag
P6 .
- Test point
- Edge connector
== Ferrite bead
Unit identification
PCB layouts
3. PCB layouts are shown as viewed from the component side.
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Fig. 2
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ABE SKA (RF UNIT CONTROL) AB8 KB (FRONT PANEL) AB8 SKC |
SOWCE  PIN _DESTINATION rNcTION ‘S0URCE PIN _DESTINATION FUNCTION SOURCE PIN
AB2,26 1 AAR,5 AAT2,15  RAM 1 0UT *1* ov 1 DISPLAY EARTH AB18,37 1 A0

AA7,15  AA6,15
AR5, 15 AA9,15 AB13,9 2 COUNTER Uk/DOWN AB2,8 2 a0
AA10,15 AAB,15
AB13,10 3 10TOR LINE 82,7 3 AD1O
AB2,24 2 AALL 13 AA12,13 RAM 1 OUT '3*
AA7,13  AA6,13 AB2,11 4 ROM O OuT *2' AB2,2 b a0
AA5, 13 AA9, 13
AA10,13 AAB,13 B2, 14 5 ROM O OUT '3 AB2,1 5  AD0,
ABA, 32 3 AA9,9  AA10,9 BAL IMPEDANCE LATCH ENABLE AB2,13 6 ROV O QUT '0* [
ABU, 34 L VTC) MUTE LATCH ENABLE AB2,12 7 ROM © OuT '1* 4
ABb, 35 5 AAB,10 UNBAL IMPEDANCE LATCH ENABLE 8 8
ABA, 27 6 ML EXT 30 to 50 MHz DETECT 9 9
ABM, 37 7 AA7,10 1dB STEP LATCH ENABLE 10 10
AB6,9 8 A6,24 RETURN TO LOCAL AB3,32 " ROM © IN '3 "
Ak, 30 9 AAb,10 ALC MUDE LATCH ENABLE 7.5V e 2 AB2, 37 12 AD,
ABk, 29 10 A3, LEVEL LOW “7.5V e 13 AB2,24 13 ADIO,
A8k, 28 1M A3 LEVEL HIGH AB3, 31 0 ROM O IN '2' AB2,26 W AD1O,
ABk, 36 12 A2,9 0.01 dB STEP LATCH ENABLE AB3,35 15 ROM 0 IN '1° AB2,25 15 AD1O,
ABM,33 13 AA6,10 16,20,32 BAL 32 dB STEP LATCH ENABLE AB3, % % ROM O IN ‘O° AB2,27 B A,
AB4, 31 W A12,10 0.1 db STEP LATCH ENABLE 7
AB2,27 1% ARG L AR12, 0 RAM 1 OUT ‘2* 18
A7, ARG, 16
AAS, 14 AAG, 14 19
AA10,1k AAB, 14
20
AB2,25 16 AAL,6 AA12,76  RAM 1 OUT 'O’
AR7,6 ARG, 16 AB2,20 21 RAY. 0 OUT ‘0'
AR, 16 AA9,16
AA10,16 AA 482,19 22 RAM 0 OUT *3'
AB2,21 23 RAN O OUT '1*
AB2,22 2 RA¥ O OUT *2'

AB8 SKE (GPIB) B8 SKG (GP18 ADDRESS) B8 sxi (
3O0URCE PIN __ DESTINATION FUNCTION SOUKCE PIN__DESTINATION FUNCTION SOUKCE PIN _ UESTL
AB7,817,18 1 SKH,18 TVISTED PAIR EARTH (DAV) BarTH 1 AB7,819,820 1 nH,2
AB7,B26 2 eKH,"? REN EARTH 2 AB2,B17,B18 2 SKH,2
A37,821 3 5KH,6 010 8 EarTH > 487,817,848 3 SKH,2
AB?7,B22 3 SKH,15 p1o ? EARTH L A21 EnarTi RETUKN 487,817,818 & SXH,2
AB7,B24 5 SKH, 14 D10 6 BAKTH 5 A47,817,818 5 SKii, 2
AB7,825 6 3XH,13 p1o 5 LnaHTH 6 AR?7,B17,818 6  SKH,!

? EARTH ? AE7,b17,818 7

8 AbL 25 8 s AUTO MUTL ENABLE 13
AB7,837 9 SKH,1 D10 1 AB16,329 9 s6 SOUTROLLES LUABLE A¥7,832 9 SKH.?
487,836 0 sk#,2 010 2 ABA, 55 0 55 ABDRESS A5 AB7,B31 0 SKH,E
AB7,B35 1" SKH, 3 Dlo 3 AB6, 34 " sh AUDKESS Al #87,828 " SAH.9
As7,B% 12 SKH, L Lo & K86, 35 12 s3 AULKLSS A3 hB?7,B30 2 SKH, W
AB7,B33 L] SKH,5 £01 AB6 36 13 s2 ALUKLSS A2 487,827 14 ShH, Y
AB7,829 W SRl 6 DAY ABE, 37 Ww s1 ALUKLSS At h

Motherboard tern




ABS KB (FRONT PANEL) AB8 SKC (SYNTHESISER) ABE SKE (EXPANSION SKT)

30URCE. PIN __ DESTINATION FUNCT1OH SOURCE PIN _DESTINATION ___ FUNCTION SOURCE PIN _ DESTINATION FUNCTION .
ov 1 DISPLAY EARTH AB18,37 1 ADW0,20 ANALOGUE TEST 1
AB13,9 2 COUNTER Uk/DOWN AB2,8 2 AD0,B34 ROM 1 CUT '0* 2
AB13,10 3 10TOR LINE AB2,7 3 AD10,B35 ROM 1 OUT '3 3
AB2,11 D) ROM 0 OUT '2' AB2,2 b aD10,B3? ROM 1 OUT '2* 482,37 0 TEST
AB2,14 5 ROM O OUT '3" AB2,1 5 AD10,B% RON 1 OUT '1* RE2,6 - HOK 2 OUT 'O*
LATCH ENABLE AB2,13 6 ROV O QUT 'O* 6 AB2,4 6 HOX 2 OUT 1
AB2,12 7 ROM © OUT "1' ? 4B2,3 7 HOK 2 our *2'
LATCH ENABLE 8 8 AB2,5 8 ROM 2 our ‘3
9 9 AB2,24 9 RAH 1 OuUT '3
10 10 AR2,27 10 RAX 1 OUT 2¢
AB3, 32 1" ROM O IN '3 1" AB2,26 " RAM 1 OUT *1*
475V e 12 AB2, 37 12 Ap10,21 TEST 482,25 2 RaM 1 OUT '0*
7.5V A 13 AB2,24 13 AD10,37 RAM 1 OUT '3' 13
AB3, 31 . ROM O [N *2' AB2,26 1 AD10, 34 RAM 3 OUY ' 1%
STEP LATCH ENABLE AB3,35 15 ROM O IN '1* ~B2,25 5 AD10,36 RAN 1 OUT ‘0" 15
BAL 32 dB STEP LATCH ENABLE AB3, % % ROM O IN 'O' AB2,27 ¥ A010,35 REN 1 OUT '2° %
STEP LATCH ENABLE 17
18
"9
20
AB2,20 21 RAY. 0 OUT ‘0"
482,19 22 RAM O OUT '3'
AB2,21 23 RAM O OUT *1*
AB2,22 2L RA® 0O OUT '2'
B8 SKG (GP1B ADDRESS) AB8 SkH (GPiB)
SOLKCE PIN __DESTINATION FUNCTION SOURCE PIN _ UESTINATION FuncTion
PAIR BARTH (DAY) BadTH 1 AB?7,819,820 1 3KH,24 DATA EARTH
EARTH 2 AB7,817,818 2 SKH,23 TWISTED Pald EARTH (ATN)
BARTH 3 A87,817,B48 3 SKH,22 TWISTED PAIK EAKTH (SRQ)
EARTH L Az EarTH WETUK 487,817,818 & SXH, 21 TWISTED PAlR EARTH (IFC)
EAKTH S 487,817,818 5 SKH,20 TWISTED PAlK ZARTH (NDAC)
LaxTH 6 AR7,817,818 6  SKH,19 T4ISTEY PAIK EAHTH (NRFD)
BARTH 7 AE7,517,818 7
Abk 25 8 s7 AUTO HUTL ENABLE [
AB16,829 9 s 20UTROLLEN MIABLE AB7,832 9  skH,? HRFU
ABA, 35 10 5 ADDRESS AS KB7,B31 10 SKH, B HDAC
AB6, 3k n sh AUIKESS Al +87,828 " SS9 1FC
#B6,35 2 s AULKESS A3 #B7,830 12 SKH,0 SRQ
AB6,36 » 82 ALUKLSS A2 #B7,827 1 SN ATH
KB, 37 W 3] ALUKLSS A1 t

Drg. No. Z52356-
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S0URCE
AB18,37
AB2,8
2,7
AB2,2

AB2, X7
AB2,24
AB2,26
nB2,25

AB2,27

SOUKCE

AB7,819,820
487,817,818
487,817,648
487,817,818
487,617,818
AH7,817,818
AE7,117,818

AB7,832
AB7,B31
87,828
k87,830
487,827

PIN

-

© @ N WM FowoN

ABB SKC (SYNTHESISER)

DESTINATION FUNCTION

AD10,20 ANALOGUE TEST

AD10,B34 ROM 1 CUT '0"

AD10,B35 ROM 1 OUT *3'

AD10,B37 ROM 1 OUT '2*

AD10,B%6 RON 1 OUT *1*

AD10,21 TEST

AD10,37 RAM 1 OUT *3'

AD10, 34 RaM 1 o1 *1*

AD10, 36 RAM 1 OUT 'O*

AD10,35 R 1 OUT '2°
skH o (cPim)

UESTINATION FuncTion sl

SRE,24 DATA EARTH

SKH,23 TWISTED PAlA EARTH (ATN)
SKH, 22 TWISTED PAIK EAKTH (SRQ)
SXH, 21 TWISTED PAIR EARTE (IFC)
SKH, 20 TWISTED PalK ZARTH (NDAC)
SKH, 19 T4ISTES PAIR EAKTH (NRFD)
SKH, 7 HRFD

SkH, B HDAC

SKH.9 1FC

SKH, 10 SRQ

ShH, 1 ATi

herboard terminations

SOURCE

FIN

DESTINATION

ABE SKE (EXPANSION SKT)

FUNCTION

AB2,37
RE2,6
AB2,4
AB2,3
2.5
AB2,24
AB2,27
AB2,26
AB2,25

2

RO

~

Drg.

ROM 2 ouT
HOM 2 ouT
KOK 2 Our
koM 2 our
RAM 1 OuT
RAX 1 OUT
RAM 1 OVUT

RaM 1 OUT

No.

A
)
bt
bos

"o

252356-900D

SOURCE
AB3, 32
AB3, 36
AB3,35
A3, 31
A82,8

AB2,7

AB2,1

AB2,2

AB2,11
AB2,12
AB3,26
AB2,22
AB2,21
AB2,20
AB2,19
AB2, 14
432,13
A32,10

428 Tacs

TAG __ DESTINATION

)

s owon

Sht. 2 of 2

H 52356-900D

FUNCTION

(TEST POINTS UNLESS DESTINATION SHOWN)

SKE. KEAK PANEL
SKF., KEAR PANEL

MOTOR, FRONT PAMEL MOTUR EARTH RETURN
MOTOR, FRUNT PANEL MOTOR FEED

Tsse]

ROM O IN '3*
HOM O IN 'O
RON O IN '1'
HOM O IN '2'
KON 1 OUT *0°
ROM 1 0UT *3*
#OM 1 OUT *1
ROM 1 oUT '2*
ROM O CUT '2*
ROM O OUT *1*
ROM 3 IN ‘0
RAN O OUT '2°
RAM 0 OUT *1
RAM O OUT ‘0*
RAM O OUT '3
ROM O OUT '3’
ROM 0 OUT ‘0
ROM 3 OUT *2°
WOM 2 OLT *0*
#OM 2 OUT *2*
ROM 2 OUT '3
ROM 2 OUT *1°
ROM 3 OUT '0*
ROM 3 OUT *3'
TES?

RA¥ 1 OUT *2*
RA¥ 1 OUT 1
ROM 3 In '3
RAM 1 OUT '3
RAN 1 OUT 'O°
HOM 3 OUT 1
SYNC OUTPUT
REMUTE CUMMAND INEUT
ROM 3 IN *2°

ROM 3 IN 1

}ou

AE2,3 FRONT PANEL “REMOTE LAMF" OUTPUT

Fig. 2
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Fig. 3e Boar

Fig. 3d Board AA4

Component layout
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Fig. 3e Board AA1l

Fig

Component layouts
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Fig. 3b Board AA2 Fig. 3c Board AA3

Fig. 3e Board AAll
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DOUBLE 20 MHz
BALANCED HIGH PASS TERMINATION
SO 1P3

c20

10 MMz
-0 dBm SOa
FROM ADY
PN 32

30 Mz
BUFFER -
‘]: »8
2 .
=
o0
MIXER I
AA1 i
44527756 P
1
- ] poe R |
30 Wz
- 22d8m 50q — o o
3 E I G _‘l
|
Bou
I
I
% 3 :
s60 311 i .3
N ».9.2
3 | |
30 MHz TUNED |
CASCODE AMP exr
( LEVELUNG 3
‘ e
| 3.3
|
|
| <75V
|
l
LEVEL
-75Y°

—— sV i

-k
2

L .

1
l

6 J |

r T ey |

|

May 80

FREQUENCY MULTIPLIER hicwz!  licsas! %.
4042 %
4L4B27-B1B W = |
L J & |
sheoh
A S LS — e — — e, SRS e
30,3
|
|
A THIS SYMBOL INDICATES A STATIC . « & REFLR TO NDB!

NOTE 1 - AAJ- D3R D& ARE A MATCHED SET B44529-0454

2 - FERRITE BEAD SHOWN THUS ===

RF unit : Boards AAl, AA2,




"

L].,,s i

se0 31!
;l m

30 MHz TUNED
TR CASCODE AmP

TR3

MUTE
TR2  SWITCH

(]

AEYEL CONTROL

MIXER @
L4B27-756F

ue
~28.dBm|

s

LEVEL CONTROL

FREQUENCY MULTIPLIER

44827-81BW
L e R A
™
e
- C & REFLR O

MATCHED SET B44529-045A

THUS ===

MUTE  FROM aAf
PN 28

LOW PASS FILTER & AMP.
44827 -787X

=t

-7V

RF unit :

R1-6
™

Boards AA1, AA2, AA3, AA4, AA11, AAI2

Drg. N




H 52356-900D

+0dBm 75a
TO AA7 PING

LOW PASS FILTER & AMP.
44827 - 787 X

!,
|
|

ALC
Low

7
P‘qu"

c R R T e e
EXT n RY, ;ﬁ M 0k L ﬁ!
|
|
|
!
|

= | = B = ALC CONTROLLER
44827-789C v

LEVEL REF
| “voutace

FINE LEVEL CONTROL
Difg DTee 44827 -997R

Drg. No. Z 44990-192B Sht. 1 of 3  Iss. 2

Fig. 3
rds AAl, AA2, AA3, AA4, AA11, AAI12
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Fig. 4a Board AA5

Component layouts
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H 52356-900D
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Board AA6

Fig. 4b
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Board AA7

Fig. 4c

nt layouts
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15x1dB PROGRAMMABLE ATTENUATOR

44827-792C ‘

1P l
+10dBm 75 !
FROM AA3 PING

75V 75V + 75V «75V 8

=75V =75V -75V -7:5V

o
I

14

|

z 1 | P

Pl [0 Pl l { . o™ T
220k 75V : 3

+ 75V -7-5V

._.
1
=

o I cs |
1 | ' '
i
l l cs
1047
| 047 2s (7
18,
L. el : 5™ :
0 § B % 1 26.27 0,3
IR T TV BV = -7V
DATA DATA
LATCH LINES

RF unit : Boards £




. [ 3248
%
’f 15x1dB PROGRAMMABLE ATTENUATOR ! 16+20dB PROGRAMMABLE ATTENUATOR
L 44827-792C | 44827-791M
3 ' '
- 248 4d8 8a8 1648 2048
\ i
L 1 _ R0 RLE ) _ALF ALG ) A RiC 1 1_ Ao
e 1| Tz o2 9% A = 1 L 5 ) 3 A 3 A5
| S I ey
T ¥ K Lo =) e Ly e 4§
3 7 7 7 7 7 7 | Re |7
T | T
s 86 | 86 697 | 1697 7927 [ T3 o
13 RIS RY7 R7 R9
‘ 3229 72 1742 742 9167 5167
- 3 =
e B = 3,3 = =
' ' H '
. 7,
% S5V +75V KX . 475V 75V .5V
cn3
oo i E N
RY b7 5 i
&
=s UNBAL 3248
™ RLH H ! CONTROL
3 |
o ‘
08 |
- |
|
=75V =75V -7-5v 1 -7-5V =75V =75V
i '
! r -2 20 BAL 3248 CONTROL O/P
7.5V | +7-5V
3.18 M.z J ssr—m- “ 9-J—‘2 % -5 28 ALC MUTE O/P
1IC1 A ‘ 20 i1 A
2.1 4016 | 4016 2 ¥ NOT USED
) | FFRT :
[ o R
- 3 o &Y ( 2% RETURN TO LOCAL O/P
‘ L) 2 MUTE 0/P
v _fo n_ J2 +78V
Q@ @ Q@ O
' i .
ez AN i
4042 '
anl] Loe 02 03 o
220k 7 13 4 =75V N
+75V -5V :
“75V -5V i [ c2
= | |20 o
F 4 220
c4 e
| ] c13
047 T '0‘7_C‘§'
047 2 |2 [s [p |o = 3 — Wiy
18,
; %" 3 X : o
.27 30,31 0 % % 15 1 s %,27 30,3
15V — 75V ATTEN e MUTE — +75V -75V
- DATA DATA DATA
LATCH LINES LATCH

RF unit : Boards AA5, AA6, AA7

Drg. No. Z 44990-192B




H 52356-9000

E 3248
PROGRAMMABL
16+20dB PROGRAMMABLE ATTENUATOR E ATTENUATOR @

44827-791M 44827 -790X

I1H

UNBAL 32dB
CONTROL

21 BAL 32dB CONTROL O/P TO PIN 21 AA0
15

28 ALC MUTE O/P TO PIN 1 AANM

NOT USED

RETURN TO LOCAL O/P TO SKT A ABS

MUTE O/P TO PIN 21 AA3

%

5 13
ATTEN Y MUTE — +7:5V 78y
DATA DATA DATA
LATCH LINES LATCH

Drg. No. Z 44990-192B Sht. 2 of 3, Iss. 1

Fig. 4
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AA8

44827-793

- o o £
S0 4OEO0 CUE,
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Fig. 5a Board AA8

Component layouts
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Fig. 5¢ Board AA10

nt layouts
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=

P

1P

FROM AAS
PIN 32

UNBALANCED MATCHING
44827~ 793R

~
s e

|

|

|

|

|5 2N

! 5

| |
| |
[r— |
| |
| |
| |
| |
o |
o |
T |
!_\ P O T T _Jsg__.J I_._.le_Jn Ao s b ko ks

(600 (50m) (752) (On), ©a) , (1%a)
UMBALANCED IMPEDANCE SELECTION

1500),
BALANCED LEVEL SWITCHING

RF unit : Boards




@ UNBALANCED MATCHING
4827~ 793R

‘ BAL. 3248
ATTENUATOR

o

ARG

3

=
u

LEVEL

C&
BALANCED OI
SWITCHING -

BALANCED O/P
BUFFER
44827-794 B

<75V -75v

: |
wn_fo e s b b -_-,_1;043_} _ kbbb By ]

; 1
{60a) (50n) (75a) (0n) (On)(wmg 5“’(!5011)
UMBALANCED IMPEDANCE SELECTION X

e+ e it # S — —— —— (o po———(5, —— | S— 4 —, i f—— 4 S— . —a T ——

- J
BE (s
RN LS
8.
|z
d —
[ gamo
|||j-J
N
£
]
@

BALANCED LEVEL SWITCHING

Drg. No. Z 44990-192B  Sht

RF unit : Boards AA8, AA9, AA10




H 52356-900D

75V -7-5v

UNBAL
orp
r—§1RE = 3
| 1
el
4
'L:LL RN TR e s
R e e ¢ e e o T 1t
L : A
= § & S Al o el Gt i - 4 el 2 e i o el kst
B e e @ (e !
ol [ 1
L i1
Vo : |
m | g
] 1
01 1
= 15y ' :
29 U g o |
r19 o
360 o ‘ BAL. 32d8 (1500) !
I ! ATTENUATOR
—— R16 v
= 47 ] |
5% E : :
! !
i 0s @ i ILL ----- 07 I
R i :
e y: 1321 BAL
10 X1 o l o
13 (B2 ]
3p 1 RN I
Re ’ 68 .
mow e :
BALANCED % civ % . | :
AL
L o-l_t i BALANCED MATCHING l
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