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HAZARD WARNING SYMBOLS

The following symbols appear on the equipment

Symbol Type of hazard Reference in manual
A Static sensitive device Page (iv)
_ A Component containing beryllia Page (iv)
Note ...

Each page bears the date of the original issue or the code number and
date of the latest amendment (Am. 1, Am. 2 etc.). New or amended
material of technical importance introduced by the latest amendment is
indicated by triangles positioned thus >.....<{ to show the extent of the
change, When a chapter is reissued the triangles do not appear. Any
changes subsequent to the latest amendment state of the manual are
included on inserted sheets coded Cl, €2 etc.

SECURITY NOTICE

Second functions are grouped into three levels of operation. Access to
the first two groups, Normal and First level operation can be freely gained by
carrying out the unlocking procedures described in both Operating manual and
Service Manual. Details for accessing the Second level operation however, is
only included in the Service manual. Some user units may wish to further
restrict the distribution of this information to selected calibration areas
only, To enable this, an alternative Chapter 4, page 39a/40a has been in-
cluded which has the unlocking procedure deleted, Users may then withdraw
either page 39/40 or 39a/40a as required.
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CAUTION : STATIC SENSITIVE COMPONENTS

i

Components identified with the symboliggj 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 disks, flags or labels
bearing the same symbol. Certaln handling precautions must be observed
to prevent these components being permanently damaged by static charges

or fast surges.,

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

{2) If a statie sensitive component 1s to be removed or replaced the
following 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 counductive 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 1ts
conducting mount until it is required for use,

(4) If using a freezer aercsol in fault finding, take care not to spray
programmable ICs as this may affect their contents.

CAUTION : 1L.CD HANDLING

When operating or servicing this equipment take care not to depress the
front or rear faces of the display module as this may damage the liquid
crystal display elements,

WARNING : 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, particularly when servicing the equipment, to avoid minor cuts.

WARNING : TOXIC HAZARD

Jun.

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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1 Beryllia (beryllium oxide) is used in the construction of the following

components in this equipment :

igﬁj Unit AC4 : Transistor TRI1O

® 98 A CE 0SS CORDREDOEEE O AL ST RGO B0 E SO SE S ES NS SIS DS SEOD B SR L0

This material, when in the form of fine dust or vapour and inhaled into
the lungs, can cause a respiratory disease. In its solid form, as used
here, it can be handled quite safely although it is prudent to avoid
handling conditions which promote dust formation by surface abrasion.

Because of this hazard you are advised to be very careful in removing and
disposing of these components, Do not put them in the general
industrial or domestic waste or despatch them by post. They must be
separately and securely packed and clearly identified to show the nature
of the hazard and then disposed of in a safe manner by an authorized
toxic waste contractor,
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INTRODUCTION

1. The 2018A is an 80 kHz to 520 MHz synthesized signal generator providing
calibrated output levels from =127 dBm to +13 dBm. 2019A is an 80 kHz to
1040 Miz synthesized signal generator similar to 2018A except that a frequency
doubler circuit enables it to cover frequencies up to 1040 MHz with the same
output level range. The output frequency of both 20184 and 2019A is phase
locked to a frequency standard and can be set to-a resolution of 10 Hz at
frequencies up to 520 MHz and to a resolution of 20 Hz above 520 MHz (20194
only).

2. Both instruments can be frequency, phase or amplitude modulated from
external or internal modulation sources. The internal modulation source
provides six fixed modulation frequencies; re—selection of components within
the instrument allows alternative frequéncies to be set Lf required.

3. Calibrated output levels from -127 dBm to +13 dBm (0.2 uV to 2 V e.m.f.)
in the c.w., ¢.m. and f.m. modes and up to +7 dBm (1 V e.m.£.) in the a.m.
mode are provided. A choice of nine output level calibration units can be
obtained on the front panel. The r.f. output level can be set to a
resolution of 0.1 dB or better over the entire output voltage range and
features a total cumulative accuracy of ] dB up to 320 MHz (£2 dR, 520 MHz -
1040 MHz). Protection against the accidental application of up to 50 W of
reverse power is provided by a fast responding reed relay.

4. Front panel operation is carried out by direct entry of required settings
via the keyboard. Microprocessor control ensures maximum flexibility and
allows programming by the General Purpose Interface Bus {(GPIB). This
facility is offered as an optional accessory enabling the instrument to be
used both as a manually operated bench instrument or as part of a fully
automated test system. Facility is also made for the use of an external
standard reference when this is preferred.

3. A second function mode of operation includes means of setting the GPIB
address, selection of alternative r.f., level calibration units, access to
various calibration routines and a facility to ald diagnostic fault finding
and a measure of the total number of hours that the instrument has been
switched on.

OVERALL TECHNICAL DESCRIPTION

6. The 2018A/2019A Signal Generator is divided into three main areas. The
first area is the digital control system by which the microprocessor board
AA2/1 receives and sends data to the variocus p.c.b”s in the instrument. This
is ac¢complished by means of an internal instrument bus.

7. The second area consists of a frequency synthesizer and the analogue
signal conditioning circuits that are controlled by the data bus in order to
produce the reguired output signal.

8. The third area is the modulation control system controlling the audio
signals used to amplitude modulate (a.m.), frequency modulate {(f.m.) or phase
modulate (¢.m.) the carrier output.

Chap. 4
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Digital control system

Circuit diagram : Chap. 7, Fig. 3

9. The intermnal data bus consists of a total of 17 control lines. The
first eight lines (DO to D7), are data lines. The data bus is bi-directional
e.g. data may be input into the microprocessor via the front panel keyboard or
control data can be sent to the data latches from the microprocessor.

10, The next four lines (AQ to A3), are address lines. These are used to
control the address of the latch to which the data is to be sent or from which
data is being read.

11. The next four lines (A4 to A7) are data valid lines. AQD to A3 lines are
fed to address decoders and with it one of the data valid lines A4, A5, A6 or
A7 is connected to each address decoder. Only when this line is activated
“0” low is the decoder enabled, and its decoded output then activates the
required data latch.

12. The last control line (A8) is the GPIB interrupt line. Thig line calls
for the microprocessor to service the GPIB module.

13. Bus interconnectiocns are shown in Chap. 7, Fig. 5 Servicing diagrams.
The microprocessor AA2/1 serves as the motherboard in the top r.f. box. Some
of the data is latched on AA2/1 in order to minimize the number of
interconnections. The addresses of the other latches are also decoded on
AA2/1 to minimize interconnections. The entire 17 line data bus is connected
to AD2 motherboard via an r.f. filter box. The filter box ensures that r.f.
signals are not conducted down the data bus. From the motherboard the data
bus is distributed to the boards outside the top r.f. box. A further
connection is made to the lower r.f. box containing AC2, AC3, AC4 and ACS5 via
a second filter box.

Frequency synthesizer and signal processing

Circuit diagram : Chap. 7, Fig. 1

14. The frequency synthesizer provides a stable frequency source at the
output of AB3 RF oscillators board covering the frequency range 260 MHz to
520 MHz that is phase locked to the internal frequency standard, board AA3/2
with a resolution of 10 Hz. As an aid to deriving the frequency at any point
in the synthesizer the output frequency from AB3 is considered to be of the
form
fo = m = 100000 + 1 x 10
where m is between 2600 and 5200
n is between G000 and 9999

If an output frequency of 512.34567 MHz is selected then m = 5123 and n = 4567
and the cutput

fo < 2 (m-1) l‘m"f + (10* + n) 10°
o= 200 L m-1

Intermediate frequencies at significant points within the synthesizer are
given as fl, £f2, £f3 and f4 and are shown on the simplified block diagram

Chap. 7, Fig. 1. Each frequency can be determined by applying one of the
following formulae ;

Chap. 4
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£1 = (10% + n) 103 = 14.567000 MHz
4 EN
g2 = UL 20 10 = 2.844006 Miz
L 3
£3 = 107 + Qyimﬁgr%l_ﬁl = 10.002844 MHz
(10* + n) 103
o 107 + w1 -
£4 7 0.05001422 MHz
_ 2 (5122) | 107 + (10% + 4567) 103| _
fo =L mntls =7y 512.34567 MHz

15. The internal frequency standard is derived from a temperature controlled
crystal oscillator on AA3/2 which 1s free running when internal standard is
selected. If external standard is selected a 1 MHz signal derived from the
internal oscillator is phase compared with a ] MHz signal derived from the
external standard. The phase detector output corrects the internal standard
frequency such that it is phase locked to the external standard. When
internal standard is selected the output from the phase detector is an open
circuit.

16. The least significant digit (l.s.d.} loop, board AAl phase locks an
oscillator covering the frequency range 10 to 20 MHz to multiples of 1 kHz.
The resulting signal is divided by m—=1 in a variable ratio divider (v.r.d.)
before being fed to the voltage controlled crystal oscillator (v.c.x.o.)} board
ABS. Its frequency is then between 2 and 8 kHz. VCX0O board ABS5 then phase
locks to the sum frequency of 10 MHz and the 2 to 8 kHz signal from AAl. The
resulting 10.002 to 10,008 MHz signal is divided by 100 before being fed to
AB4 Output phase detector board, The phase detector on AB4 is used to lock
the oscillators on AB3 to the required output frequency. AB3 output is
divided by 2(m—1) by a v.r.d. on board ABl. The resulting signal has a
frequency of between 50.01 and 50.04 kHz and is fed to AB4,

17. 1If the instrument has not been set to provide £.m. the phase detector
system operates at the frequency of 50.01 to 50,04 kHz, However if f.m. is
selected, the phase locked loop handwidth is reduced to avoid the loop
removing the required f.m. The frequencies are then divided by 5 before
phase comparison and an alternative phase detector and loop filter is used
with a lower gain. The resulting signal from ABE3 is therefore a 260 to
520 MHz carrier phase locked to the internal frequency standard and is
frequency modulated if rvequired. The divide~by-two system on AB2 divides the
output from AB3 so that it can provide output frequencies of between
2.03125 MHz and 520 MHz, The output at this point is a nominal square wave.

18. The output from AB2 is connected via a semi-rigid cable to ACS5 Amplitude
modulator in the lower r.f. box, ACS5 contains a double balanced mixer that
is used as an amplitude modulator. The resulting amplitude modulated signal
is then passed on to AC3 or ACl3 board. These are different versions of the
same board, AC3 Filter board in 2018A, or ACl3 Filter and frequency doubler
board in 2019%A. if the output signal level from the instrument is required
to be greater than +7 dBm then ACS5 is set to give its peak envelope power of
nominally =5 dBm provided the amplitude modulation is off, The output from
AC5 1is nominally a square wave.

Chap. 4
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19. The signal into AC3/AC13 is divided into two main paths. Frequencies
from 2.03125 MHz to 32.5 MHz are routed via a buffer amplifier to a bank of
filters operating in a 200 Q@ characteristic impedance system. The filters
convert the square wave into a sinusoidal signal. In order to generate a
0.08 to 2.03125 MHz band a 10 MHz to 12.03125 MHz signal is routed to AC2 BFO
system where the signal is mixed with 10 MHz from the internal frequency
standard and filtered to produce an 80 kHz to 2.03125 MHz sine wave. Fre-
quencies below 80 kHz may be selected but the accuvacy of the r.f. level
output may be Ilmpaired.

20. The output from AC2 is a nominal 40 mV, 80 kHz to 32.5 MHz sine wave
operating in a 200 0 system. This signal is fed to AC4 OQutput amplifier
board where it is amplified by a variable gain amplifier, the gain of which is
controlled by two j.f.e.t”s used as voltage controlled variable resistors.
The output from the variable gain amplifier is connected to the output stage
amplifier where the output signal level is detected by an r.f. detector. The
resulting d.c. signal is compared to a variable reference voltage by a
comparator. The comparator output controls the gain of the j.f.e.t. variable
amplifier so as to obtain the correct output level from ACA.

21. The 32.5 MHz to 520 MHz signal on AC3/AC13 is switched to an amplifier
and a 520 MlHz low=~pass filter. If the instrument is a 2019A the signal can
then be switched to a frequency doubler and filter system to gemerata a 520 to
1040 MHz signal.

22. In both 2018A and 2019A the signal from the 520 MHz low-pass filter goes
through a filter bank to produce a sinusoidal output signal which is then fed
to AC4 output amplifier. i

23. The 32.5 to 520 MHz {or 1040 MHz for 2019A) signal is amplified by a pin
diode controlled variable gain amplifier and is then connected to the output
stage. The output level from AC4 is controlled by an a.l.c. system
consisting of an r.f. detector, comparator and two variable gain amplifiers
(j.f.e.t. and pin diode controlled). The level is normally varied over the
range +7 dBm to -3 dBm by controlling the reference voltage to the a.l.c. If
levels greater than +7 dBm are requested and the a.m. is off the level is
increased up to a maximum of +13 dBm. The reference voltage to the a.l.c. is
also varied to compensate for the insertion loss of the attenuator, cables and
connectors that connect the output signal to the front panel,

24, The attenuator provides electro-mechanical attenuation of the output
signal from AC4. Provision is made to attenuate the output signal in 10 dB
increments from O dB to 120 dB. The attenuator output is connected to a
reverse power protection system (RPP) which protects the attenuator pads from
the accidental application of reverse power. The RPP uses a coaxial reed
relay to open circuit the output of the signal generator and can be reset from
the front panel or by the GPIR.

Modulation control and AF level system

Circyit diagram : Chap. 7, Fig. 1

25. The internal modulation oscillator is a j.f.e.t. stabilized Wien bridge
oscillator which can be programmed to one of six frequencies. These
frequencies can be altered by the user by changing two resistor values for
each frequency.

Chap. 4
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38. 1ICl4 contains 2 K bytes of RAM at addresses 8000 - 8FFF. This is the
instrument”s primary RAM. ICl2 contains 256 bytes of RAM (read/write), with
addresses (AO0O to DAQFF. This contains the stack. Port A (pins 21 = 28)
in ICl2Z carries the instrument”s 8~bit bi-directional data bus via a bus
transceiver IC10, and Port B {(pins 29 - 36), via ICll, the instrument”s
address bus. This is in the form of 4 address lines (bits A0 = A3) and uncoded
data valid lines (bits A4 - A7) giving a total of 64 available latch
addresses.

39. The mode of operation of the address bus is that the required address is
presented to the bus with bits A4 - A7 high and the bus is allowed to settle.
Then the required data valid line is activated by pulling it low, which either
latches the information on the data bus onto the addressed lateh (for outputs
from the microprocessor) or allows the addressed data source to drive the data
bus (for inputs to the microprocessor: either from keyboard or GPIB board).
The data valid lines are thus only activated when a valid (and stable) address
is present on the other 4 address lines, The direction of the data bus
buffer is controlled by a line on Port C of ICI12Z (pin 39).

40. IC13 is the decoder for the first 7 addresses served by data valid line
A6 (i.e. it supplies chip enables corresponding to bus addresses AB6LO to
ABL6), and IC20 is the A6L5 data latch, used to hold the information which
selects which oscillator is in use via AB4, and other signal routeing
information on AA3/2.

41, ICl4 contains 2 kbytes of non-volatile electrically alterable ROM which
holds calibration data in the address range CO00 to C7FF, To ensure that the
integrity of data in the non-volatile memory is maintained, it is essential
that there is no risk of writing to it whilst the microprocessor is not
completely functional. This can occur if the +5 V rail falls to some
undefined level. In this event, ICl9 and its essential circuii will come into
operation. 1ICl9 is a comparator that compares the +5 V raill with a stabilized
voliage derived from the +24 V rail. 1If the +53 V rail falls below 4.5 V the
RESET LINE of the microprocessor (IC9) will be held low due to TR2 being
turned on. This inhibits operation of the microprocessor until the +5 V rail
rises above the +4.5 V at which time the 2022 will re-initialize itself. This
circuit is in addition to the initial protection against low supply volts
present in EPROM IClé4.

42. The time elapse system is generated by dividing the microprocessor clock
output by a factor of 256 in IC23 and using this to drive the timer function
in ICl2. The timer output from ICl2 drives the RST 7.5 interrupt on ICY at a
rate of approximately 0.8 Hz. The interrupts are softwars counted to provide
a time elapse function, using the noan-volatile store, to update the stored
value every 15 minutes elapsed time. A software coding system is used to
minimize wearout mechanisms in the non-volatile store.
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AA3/2 - Frequency standard

Circuit diagram : Chap. 7, Fig. 8
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Fig. 4 1Internal/external frequency.standard (AA3/2)

43. AA3/2 provides the frequency standard required as a master frequency
reference for the synthesizer. Control data is brought from the latch on
AA2/1 via feed-through capacitors to PLEPa/2. If INT standard is selected
(INT/EXT STD high) the phase detector ICld Q/4 is clearsd and TR!, TR2 are
turned off. The frequency of the crystal osc. is controlled by the setting
of R3. The 10 MHz output from the crystal osc. is distributed as reference
for the instrument. TR3, L1, C20 produce & nominal 10 MHz sine wave which is
further filtered by XLl and routed via PLBPb/2 to AR5 VCXO loop.
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44, A 1 kHz reference is generated for use on AAl by dividing the 10 MHz by
10000 using IC4 and ICS8. If carrier frequencies below 2.03125 MHz are
selected the BFO ON line is low and a 1§ MHz signal, filtered by L2, €23 and
XLZ2, is supplied to SKAU for use in the BFQO system on AC2.

45, If the instrument has been set to operate on a 10 MHz frequency standard
the 10 MHz/1 MHz line is set high and the 10 MHz frequency standard signal on
IC5 pin 3 is routed to ICS pin 4. If INT STD has been selected the signal is
then routed via SKAR to the rear panel. If a 1 MHz standard has been
selected then the 1 MHz signal omn IC5 pin 2 is routed to IC5 pin 4. If INT
STD has been selected the 1 MHz signal is routed via SKAR to the rear panel.

46, If EXT STD is selected the intermal standard output is turned off by
IC7c¢/4 and. the external standard is enabled by IC7d/4. If the instrument is
set to work from a 10 MHz standavrd a I MHz external standard is passed on to
IC5 pin 7 via the divider IC9,. If the instrument is set to a 1 MHz standard
the 1 MHz external standard is passed directly to IC5 pin 7 via IC5 pin 5.
IC3 compares the phase of the internal I MHz on pin 3 with the external 1 MHz
on pin 1l1. . The phase detector tramsisters TR1, TRZ drive the phase locked
loop filter, C2 and Rl, to phase lock the internal reference crystal osc. to
the external reference.

47, ICZ2 and 1ICH are used to generate an interrupt signal for the
microprocessor on PLBPb/2 pin 11. If the voltage supplied to pin 5 of the
crystal osc. is out of limits (that is <0 V or >5 V), then IC6é is cleared (pin
5 low) and ICH pin 6 is set high (interrupt enabled)}. Similarly if the 1 MHz
external standard frequency is not present on IC6 pin 1 then IC6 pin 6 is
again set high. If everything is correct then IC6 is constantly retriggered
by pin 1 and pin 6 1is low, If the interrupt on pin 11 PLBPb/Z is high and
external standard is selected then the microprocessor displays an error
message on the front panel.

AB]l ~- G‘Itput v-r-dc_

Circuit diagram : Chap. 7, Fig. 9

48, The board ABl contains the high speed variable ratioc divider (v.r.d.)
which is used in the output phase locked loop to control the four most
gsignificant digits of the carrier wave output frequency. The v.r.d. is
driven by a signal from the r.f. oscillator board, AB3, and provides the
signal for the output phase detector, AB4. Control data for the v.r.d. is
fed to two eight bit latches IC4 and IC5 via the instrument bus,

49, The r.f. input signal of approximately —6 dBm is amplified by TRl and fed
to a divide~by~two prescaler, ICl, to produce a frequency between 130 -

260 MHz at the input teo IC2, pin 1. To operate at such a high speed a dual
modulus (divide=by=10/11) counter system is used. The duval modulus counter,
I1C2, initially divides by 11 its control line #10/11 low, when the control
line 4is high its wmodulus is 10. The state of this control line can change at
any time whilst counting, but before the arrival of the eleventh pulse. Thus
the time period available for a change of the control line is approximately
ten times the input clock period.
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Fig. 5 ~Qutput v.r.d. simplified block diagram (ABl)

50. The output from the 10/11 counter drives the clock line, (TPl), for the
chain of the presettable decade counters. Each counter is loaded with a
nines complément number and counts upward with each pulse (falling edge at
each pin no. 8). The two least significant counters, IC6 and IC7 are
incrementaed simultanecusly,

51. The 10/11 counter IC2 starts in the modulus 1l mode. After every 11
input pulses IC6 and IC7 are both incremented. When IC6 output reaches 9
(1001 im b.c.d.) a low level appears at IC3b, pin 3 causing TP2 to ge high to
set the 10/11 counter to divide by 10. IC7 is then incremented every 10
input pulses.
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52, 1IC8 and ICY are driven in cascade from IC7. I1C6 will continue to count
but there will be no further change at TP2 until the RESET pulse occurs.
"The early decode" method is used at the end of each v.r.d. sequence in order
to reset the decade counters for the next sequence. When the counters 1IC7,
IC8 and IC9 reach the state 995, TP4 is asserted high, and the last four
pulses at TPl are counted by ICll slave counter.

53, The pulse 997 will cause the RESET control line TP3 to be asserted low.
This reloads the four decade counters to the nines complement data held in the
8~bit latches IC4 and ICS5. Pulse 999 will cause TP3J to assert high once more
to enable the counters and also to cloek the flip-flop ICLO resetting TP2 low,
This reverts IC2, the dual modulus counter to the modulus !l mode and so the
v.r.d. is ready for the next count sequence.

54, The microprocessor AA2/]1 ensures that the modulus of the v.r.d, falls
between 2599 and 5199 according to the required carrier wave output frequency.
The v.r.d. output is taken from the “8” output (QD) of ICY9 to PLBU, pin 2 and
has a frequency of just over 50 kHz.

AB2 = Divide—by~two chain and f.m. drive

Circult diagram : Chap. 7, Fig. 10

55, Board AB2 has two functions, the majority section is used for the
divide~by~two chain and a minor section for the f.m. drive. The purpose of
the divide-by—-two chain is to divide the carrier frequency from AB3 down to
the carrier frequency selected by the front panel keyboard or via the GPIB.
The input frequency to AB2 is between 260 MHz and 520 MHz. Up to seven
divide-by~two elements can be switched in to provide frequency cover from
260 MHz down to 2.01325 MH=z. ’

56. 1If no division of the basic frequency is required (frequencies in the
range 260 MHz - 520 MHz) the signal is instead routed directly to the output
socket SKBX. Frequencies below 2,01325 MHz are derived on a different board,
for details see (AC2) BFO system.

57. Seven bits of control data from AA2/]l microprocessor DO -~ D6 are used to
control the dividers, these are fed to IC8 octal latch via the instrument bus.
Different logic technologies are used to implement the chain of dividers and
consequently different methods are used to switch elements in and out.

58, The input signal of approximately -6 dBm comes in on SKBW and is
amplified by TRI. It is then routed according to the state of latch output
LD6 either

(1) To the output socket SKBX via TR4, other control lines ensure that
TR6 is held off, or

(2) The state of LD5 controls the divided signal of ICl which is either
routed through TR8 and TR6 to the output (TR4 and TR7 both held off) or
alternatively, used to clock the second divider IC2.

(3) Similarly, LD4 determines whether the output from IC2 is routed
through 1C6, TR7 and TR6 to the output or is used to clock the next
divider IC3 and so on. Transistors TR12 and TR13 form an e.c.l. to
teto.l. interface, The two flip-flops in IC4 are driven synchronously
with the control lines setting the division to divide-by-two or four as
required. IC5 operates in a similar way.
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59, The divider outputs are gathered together in an e.c.l. wired-GOR
configuration {(IC6, TR7, TR8) so that at the output socket SKBX, all
frequencies from 2.03126 =~ 520 MHz are available the nominal level being
0 dBm. .

60. The f.m. drive circuit on AB2 provides the coarse adjustment of the f.m,
drive voltage delivered to the r.f. oscillators on AB3. Three bigs of
control data DG = D2 are used and brought to the quad latch IC9 via the
instrument bus. The f.m. drive signal is on PLCJ from where it is fed to
IC10 voltage follower which in turn drives a network of switched resistors.
These are operated by relays RLA, RLB and RLC,. With all the relays
energized, maximum f.m. drive signal is applied to the r.f., oscillators ABR3,
and each relay de—energized decreases the drive by a factor of four.

AB3 ~ RF oscilllators board

Circuit diagram : Chap. 7, Fig. 11

61. Board AB3 contains the main oscillators for the instrument. Four
oscillators each one covering a quarter octave frequency range between 260 MHz
and 520 MHz. Only one oscillator is ever turned on at any time and its
output frequency is phase locked to the required output frequency by the phase
detector AB4. Each oscillator can be frequency modulated by a signal from
AB2Z., The board is contained in a solid aluminium box to reduce microphony to
a minimum.
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62, Hach oscillator uses a resonant circuit with a maintaining transistor
capacitively coupled to maintain oscillation. The tuning inductor is a
printed track which can be adjusted using a sliding link. Varactor diodes
are used to voltage tune the oscillator. Chip capacitors atre used to tap the
transistors TR2, 4, 7, 9, into the tuned circuit, This avoids spurious
resonances. Care must be taken when attempting to solder chip components,
for details see Chap. 5, Maintenance, Introduction. Each oscillator is
designed to have a substantially linear f.m. tracking curve which is
instrumental in reducing f.m. distortion and noise.

63. The required oscillator is turned on by comnecting tag 3, 4, 5 or 6 to a
negative voltage on AB4, This supplies emltter current to the required
maintaining transistor. The collector current of the transistor forward
biases diodes connected to its collector and therefore connects the r.f.
signal to the amplifier TRG. Two outputs from TR6 are taken, one direct via
tag 11 to AB2 board for frequency division, the second is via isolating

transistor TR11l and tag 10 to the output v.r.d., ABl, to phase lock the
carrier frequency. The nominal output from both tag 10 and tag 1l is -6 dBm.

64, 'The oscillators are frequency modulated by a signal appearing on tag 12.
This signal is attenuated by R18 and Rl and is then applied to the anode of
each varactor diode via r.f, chokes L2, L3, L7 and Lil. The main frequency
control is achieved by the phase detector signal on tag 2. It is connected
to the cathode of each varactor via an R~C network consisting of R2, R3, TRI
and C8. When the f.m. is on the phase locked loop bandwidth is low and TRI
is switched off by connecting tag 1 to ~11,2 V on AB4. R2 and C8 then have a
long time constant and filter signals appearing on tag 2.

65, When the f.m. is off the loop bandwidth is increased in order to reduce
the frequency settling time. The j.f.e.t. TRl is then turned on so that the
R~C time constant 1s formed by R3 and C8, This prevents potential feedback
instability.
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AB4 -~ Qutput phase detector

Circuit diagram : Chap. 7, Fig. 12

66. Board AB4 contains the phase comparator used to lock the output frequency
from AB3 output oscillators to the selected frequency, It also contains
voltage regulators to provide low noise power supplies for AB3 and transistor
switches TRI - TR4 with IC8, to switch the required AB3 oscillator omn.

67. The output from AB5 v.c.X.0. loop inputs on PLCC, pin 2. Its frequency
is approximately 100 kHz. The frequency is then divided by two in part of
IC1. The resulting 50 kHz square wave 1is then routed to the phase comparator
IC5 by one of two routes. If the f.m. is off the phase locked loop bandwidth
is high and the 50 kHz signal is routed via IC4 to IC5.

68, If the f.m. is on, the loop bandwidth should be lower in order to avoid
the loop interfering with the required f.m. This is reduced by several
methods. The phase detector current is reduced by a factor of 30 and the
loop filter time constants are altered by switching in resistors R41l, R42.
In addition the phase detector operating frequency is changed from 30 kHz to
10 kHz. When the f.m. 1is on, the divide-by-five circuit in IC3a is enabled
by ICl, pin 5 and its output is routed via I1C4 to the phase comparator IC5.

69, Similarly the nominal 50 kHz signal from ABl - Output v.r.d. is routed to
the phase comparator, IC5 via IC4 also, and if the f.m. 1s on its frequency is
divided by five in IC3b before reaching IC5 via IC4.

70. In order to minimize any transient frequency change when switching the
f.m. on or off the f.m. on/off instruction on PLBY, pian 5 is latched by ICl so
that the divide-by~five circuits of IC3 are synchronously enabled,

71. Phase comparator. IC5 compares the phase of the signals on pins 3 and
11, 1f tne frequency on pln 3 is higher than that on pin 11, IC5 will
produce a string of pulses on. pin 6. If the frequency on pin 3 is lower than
that on pin 11, ICS5 will produce a string of pulses oa pin 8. When the
signals are phase locked by the loop IC3, pins 6 and 8 are normally low except
for a 30 ns pulse,

72. Phase detectors, there are two, TRI2 to TR17 and TR18 to TR23, these
differ only in that the first phase detector operates at 3 mA and the second
at Q.06 mA. If the f.m. is off both the phase detectors operate. If the
f.m. is on the 3 mA detector (TRiZ - TR17) 1s turned off by IC6 and so the
gain of the phase locked loop is reduced. Because both phase detectors
operate in a similar manner only one is described.

73. The signal on IC6, pin 1l is level shifted by TR1Z and used to control a
differential pair formed by TR14 and TR15. The signal on TPl switches either
TR15 or TRI4 on. When TR15 is switched on its base wvoltage is established by
the Zener diode Dl and curreut flows from R21 into TR15. This current
charges up the loop filter formed by Cl4, R42, R4l, TR24 aand Cl13. Similarly
TR13 level shifts the waveform on IC6, pin 6, in order to contrel the
differential pair TR16, TRI7. When TR17 is on charge is drawn out of the
loop filter,
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74, 1f the loop looses lock either TRLS5 or TR17 (assuming f.m. is off) is
switched on by the pulses from IC5 and either increases or decreases the
charge on the loop filter and hence changes the voltage on TP6 in the
direction required to regain phase lock. At phase lock TRI5 and TR17 are off
except for a nominal 30 ns time interval when both transistors are on. If
the f.m., is on TR13 and TRl4 are held off and TR21 and TRZ3 control the loop
filter,

75, Loop filter time constants, these are switched by TR24 according to
whether the f.m. is on or off, When the f.m. is on TR24 is switched on by
TRY. This makes the time constants of Cl4, Cl3 short to ensure stability in
the lcop. If the f.m. is off the loop bandwidth is reduced and the time
constants of €13, Cl4 are increased by turning TR24 off. The loop filter is
earthed on the box containing AB3 wvia PLBZ pin 5. This reduces mains hum and
phase detector related interference,

76, The phase detector output on TP6 is buffered by the source follower TR25,
transistor TR26 1s a second source follower that ensures the source-drain
voltage of TR25 is low in order to minimize gate leakage current (j.f.e.t”s
suffer leakage due to impact ionization if their drain~source voltage is
high). The output from TR25 source is then fed to AB3 via PLBZ pin 14 to
control AB3 oscillators,

77. The signal on PLBZ, pin 1 controls a filter time constant on AB3 board.
When the f.m. is on PLBZ, pin 1 is connected to =1l.2 ¥V via TRIl. If the
fom., is off, TRILl is switched off and PLBZ, pin 1 is pulled to the sanme
volrage as PLBZ, pin 14 by R&49, Note that PLBZ, pin ] is a high impedance
point and can only be monitored by a high impedance probe.

78, IC2 and IC7 are voltage regulators that produce =-11,2 V and +11.5 V
supplies for use on AB3 and ABR4. This ensures that the supplies to
oscillators are free from hum and noise,

79. The required oscillator on AB3 is switched on by the circuits formed by

TRl to TR4 and IC8B as determined by the lines LDQ to LD3 derived from AA2
microprocessor board.

AB5 -~ Voltage controlled crystal oscillator (VCXQ) loop

Cireuit diagram : Chap. 7, Fig. 13

80, The board AB5 phase locks a v.c.x.0. L0 a frequency equal to the 10 MHz
frequency standard plus the output frequency from AAL, LSD loop. The output
from AB5 is used as the reference by AB4 ocutput phase detector.

8l. TRl is the maintaining transistor for a v.c.X.o. using tuning elements
L1,L2,D2,XL1,C3 and (4, The Zener diode Dl provides a regulated +12 V supply
to the oscillator. The varactor diode, D2, enables the oscillator to be
voltage tuned over the frequency range 10.002 MHz to 10.008 MHz,.

82. The output signal from TRl collector is connected to ICl where the signal
is converted to t.t.l. levels, The output from ICl pin 13 1s used to drive
IC3 which divides the frequency by 100. The output from IC3, pia 9 is then
fed to AB4 via PLCF, pin 2.
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83. The output from ICl, pin 10 is used to drive the phase locked loop to
lock the v.c.x.0. to the selected frequency. The output is level shifted and
buffered by TR8 and the signal on the collector of TR8 is used to drive a
double balanced mixer, IC2. Pin 10 of IC2 is a.c. coupled to ground by C9 so
the v.c.x.0. frequency appears across pins 8 and 10, this serves as the local
oscillator for the mixer. The linear input for IC2 mixer is developed across
pins 1 and 4 and is a 10 MHz sinusoidal signal derived from AA3/2 frequency
standard via PLCD, pin 2.

84, IC2 mixes the 10 MHz signal with the v.c.x.0. frequency to produce an
audio difference frequency on IC2, pin 6. IC2, pin 12 is also connected to
pin 6 via C26, this is an anti-phase component and provides cancellation of
the sum product and possible local oscillator breakthrough {at high
frequencies) further filteéring is provided by Cll.

85, The resulting signal is then a.c. coupled by Cl7 in order to produce a
signal referenced to ground at ICS, pin 3. R20, R21, C20, C25 provide
further filtering of the audio signal. The comparator IC5 converts the audio
signal into a nominal t.t.l. compatible square wave at IC5, pin 7. This
signal is fed to phase comparator IC4 via ICéa.
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86. The phase comparator is formed by IC4 and IC6b comparing the phase of the
signals con pins 3 and 1l. The signal on pin 3 is the output frequency from
AAl, LSD loap. If the frequency at pin 11 is higher than that at pin 3 a
series of pulses will appear at pin 8. If the frequency at pin 1! is lower
than at pin 3 a series of pulses will appear at pin 5.

87. The outputs from IC4 drive a phase detector and loop filter to control
the v.c.x.0, TR6 and TR7 are level shifting transistors that drive two
differential pairs TR3, TR2 and TR4, TR5. The differential pairs inject
current pulses into the loop filter formed by Ci, R33, C2. If the v.c.X.0.
frequency is low TR5S is turned on by the pulses from IC4, pin 5 and the
voltage on TP4 will be increased to regain phase lock, Similarly if the
VeCsX.0, Erequency is high TR2 will be turned on by the pulses on pin 8 and
the voltage on TP4 will be decreased to attain phase lock. At phase lock
both TR2 and TR5 are normally off except for a short interval of about 30 ns
when both transistors are switched on by narrow pulses from IC4.

88, IC7 is a voltage follower that buffers the voltage on TP4. The
resulting d.c. signal 1s used to control the varactor diode D2 and hence the

frequency of the V.C.X.0.

AC2 - Beat frequency oscillator (BFQ) system

Circuit diagranm :

89I

board by mixing a signal of 10 - 12.03125 MHz with the 10 Miz standard.

Chap. ?, Figl 15

Carrier frequencies below 2.03126 MHz are generated in a b.f.o. on this

The

resulting signal is filtered leaving only the difference frequency, which is
then fed to the output amplifier AC4,
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90,. The 10 = 12.03125 MHz signal input at PLCV, pin 1 is buffered by TR2 and
applied to the linear port, pin ! of mixer Xl. The 10 MHz signal, from the
frequency standard, at PLCU, pin 2 is amplified by TR1 and applied to the
local oscillator peort, pin 8 of the mixer. The process of mixing produces
sum and difference signals at the i.f. port, pins 3, 4. A low~pass filter
{2.1 MHz) L1, L2, C5 -~ €8 suppresses the sum component so that TR3 is fed with
a signal of 80 kHz - 203125 MHz. Tl transformer prevents breakthrough of
mixer input frequencies (particularly 10 MHz) on the b.f.o. output, and allows
the earth plane to be split; this helps to contain the r.f. earth currents.
After Tl the signal passes through a second 2,1 MHz low—pass filter, 13, L4,
C17 - C20, to join & common 1.f. channel output to AC4 via DI, C21 and PLCW,
pin 1.

9l1. For b.f.o. operation the d.c. voltage on PLCW, pin 3 is high {(controlled
from AC3/AC13) so that D2 is off and Dl is on, D2, together with other
diodes on AC3/AC13, prevent 10 - 12.03125 MHz signal breakthrough on the
output from ACZ2. If b.f.0. operation is not required (carrier frequency
>2.03125 MHz) PLCW, pin 3 is low, consequently D2 is on and Dl is off. This
allows the l.f. channel input at PLCW, pin 3 to be routed direct to AC4 via
PLCW, pin 1. At the same time the [0 MHz and 10 - 12.03125 MHz signals are
turned off,
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100. For carrier frequencies below 2.03126 MHz the b.f.0. line is low turning
D51 and D53 on and D52 off. The b.f.0. board, ACZ, is supplied with a
10 - 12.03125 MHz signal via PLCR, pin 1 which is mixed on AC2 with the 10 Mz
standard to give the required carrier frequency. D53 helps to prevent
breakthrough of 1.f. channel frequencies on the b.f.o. output.

101. Frequency doubler (520.00002 MHz = 1040 MHz). The input toc phase
splitter and frequency doubler is taken from after the 520 MHz low-pass
filter. A transistor phase splitter, TR4, feeds the matched pair of diodes
D55 and D56 in full wave rectification configuration. A bias supply is
derived from a third diode (D57), matched with the other two. This ensures
thermal compensation and a sensibly linear ocutput over a wide range of level,
Thus a.m. will be wvirtually unaffected by the doubler. The output from the
frequency doubler is then amplified by TR35.

102. The output from the frequency doubler contains both sub-harmonics and
harmonics which must be improved hy filtering. The filter must reject the
sub~harmonic and harmonics while allowing the required frequency to pass with
low insertion loss. This is affected by a series of band reject filters.
Switching between capacitive elements is carried out with diodes and at two
break frequencies, 660 MHz and 820 MHz, in order to give the frequency
responses required. Capacitors C119, Ci20, C123, Ciz24, CI35, Cl36 form
switched notch filters that attenuate the sub-harmonic components in the
output, The output from the frequency doubler is then amplified by TR6
before being routed to the output connector, SKCS, via the diode switeh D3l.

AC4 = Qutput amplifier

Circuit diagram : Chap. 7, Fig. 17

103, This board contains the r.f. output amplifiers, the automatic level
control (a.l.c.) circuits, the electronic fine attenuator, and the imsertion
loss control (i.l.c.). It receives h.f. channel signals from AC3/ACL3, 1.f.
channel and b,f.o. signals from AC2, and delivers a levelled and calibrated
output signal with a 50 Q source impedance to the coarse attenuator ATO/1.
Control data for the amplifier switching, fine attenuator and i.l.c. is
brought to AC4 via the instrument bus.

104. HF channel and a.l.c. This is selected by a “high” instruction on ICZ,
pin 5, and a “low” on IC2, pin 9. TR5 is then turned on and supplies current
to the h.f. channel amplifiers, whilst TR1&6 is off. The h.f. input
{(frequencies greater than 32.5 MHz) at PLCS is amplified by four r.f.
trangistor stages. The first two, TR2, TR4, glve +6 dB each but the gain can
be trimmed at the 1 GHz end by moving R9, R19 along L2, L4 respectively. The
last two stages (common with the 1l.f. channel) have a combined gain of +10 dB.
At high frequencies the gain of TR0 tends to fall; to compensate for this
the gain of TR8 is held down at low frequencies but allowed to rise with
frequency.

105. High frequency gain can be trimmed by moving R34, R35 along L7. Diodes
D8 - D10 protect TRIO from voltage transients. All four stages use active
bias networks, TRL, 3, 7 and 9.
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N

106. RF level control for the h.f. channel is accomplished usiag pin diode
attenuators in the r.f. amplifier chain. The two fixed-gain stages, TRZ2 and
TR4 are placed between three pin diode attenuator elements, D18-DI9, D2 and
B4, The attenuatiocn produced by these diodes is determined by the control
voltage applied to them; the smaller the magnitude of the control voltage,
the higher the attenuation. This control voltage is derived by comparing, at
the voltage comparator ICle, a d.c. reference voltage from ICld with the r.f.
detector voltage from IClb. The voltage from IClc (TP2) comtrols D2, and the
inverted voltage from ICla (TPl) controls D18, D19 and D4. If the r.f.
detector voltage differs from the reference voltage, the pin diodes will be
driven so as to annul this difference. TR16 1s off, and providing D4 is
forward biased D5 will also be turned off disconnecting the l.f. chanmnel
drive,

107. The r.f. detector measures the peak voltage at the output of the fixed
gain transistor pair, TR8, TRI0, immediately before the 50 O resistor, R4&47.
Thus the voltage can be precisely controlled behind a 50 Q source impedance.
D12, C34 form the negativewpeak detector whose voltage is buffered by IClb.
D13 provides temperature compensation for the detector diocde. Dil, C33 act
as a mimic positive—peak detector to help equalize the loading on TRIO.
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108. LF channel and a.l.c. The 1.f. channel is selected by a “high”
instruction on IC2, pin 9, and a “low” on IC2, pin 5. TR16 is then turned on
supplying current to the 1.f. amplifiers, whilst TR5 is turned off. The 1.f.
channel input (frequencies less than 32.5 MHz) at PLDA is amplified by three
transistor stages, TR1l, 13, 15, operating in a 200 @ system, and then by the
common output transistor pair, TR8, TR10, operating in a 50 Q system. The
transfer from 200 to 50 Q@ is accomplished with a consequential signal loss of
12 dB, this is however compensated for by the ample gain in the amplifier
chain, When the 1.f. channel is on, D5 is forward biased and D4 reverse
biased allowing signals to be routed from TR15 to TRS.

109, LF channel levelling 1s implemented by making the first two amplifiers
variable—-gain stages. JFETs are used in the emitter circuits of TR1l and
TR13 for this purpose. The drain=-source resistance of the f.e.t”s and hence
the gain of each stage, is controlled by the control voltage on TPl; the more
negative this voltage is, the lower the gain. The control voltage is derived
in the same way as for the h.f. channel, except that because TR16&6 is on, the
voltage on TPl is offset by =7.5 V (due to R69).

110. ALC reference voltage. The d.c. reference voltage to the comparator
ICle is the means through which accurate control of the output r.f. signal
level is obtained. The actual d.c. voltage required for any given frequency
and output level is influenced by a number of different circumstances,
Further complications are present when amplitude modulation (a.m.) is applied
which are compensated for by the circuits described below.

Electronic fine attenuator

111. ATQ/1 attenuator unit provides the coarse attenuation of the output
signal from AC4 in multiple steps of 10 dB. An electromic attenuator om ACSH
is used to give fine control of the output over a range of 10 dB, with a
resolution of 1 mV (r.m.s., p.d.). This is achieved by supplying an accurate
d.c. reference voltage to the a,l.c., comparator ICle.

112. In the normal mode AC4 is required to give an output between 158 mV and
500 mV, rising to 1000 mV in the +6 dB mode. For a maximum figure of 1000
and a resolution of 1 a 10 bit binary number is needed i.e. 1000 decimal =
1111101000 binary. This requirement is implemented in IC6, IC3d where IC6 is
the 10-bit digital-towanalogue (D/A) converter to which the binary number is
sent. The D/A has its own internal data latches. :

113, The least significant digits are sent first to address AJL2, followed by
=the 2 most significant digits to A7L3. The number in the D/A determines the
géfﬁ of 1C3d, and hence the output on pin 14 in relation to the input on ICH,
pin 3. A change of 1 in the 10-bit number will give rise to a voltage change
from IC3d which in turn causes a change in the reference voltage applied to
the comparator. When calibrated this will change the output level from AC4
by 1 mV. In calibration the voltage on IC6H, pin 3 is set to give a certain
r.f. output; R89 is used to calibrate the fine attenuator across its working
range. (The purpose of D16, ICle etc. is explained under a.m., processing.)
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Insertion loss control (i.l.c.)

114, After the point at which levelling ceccurs, (TR1Q collector) the r.f.
signal is subject to the insertion loss of coaxial cables, connectors, ATO
coarse attenuator, ete. before the output socket, - The insertion loss is
frequency dependent, and becomes more pronounced the higher the frequency.
To compensate for this AC4 ocutput is increased by an amount equal to the
insertion loss at the selected frequency. This is achieved by adding a small
offset to the reference wvoltage applied to the a.l.c. comparator,. Clearly
the amount of offset needed will increase with frequency.

115. This is achieved by IC4 8-bit D/A converter, to which the microprocessor
sends a number (address ATLl) representing the correction required. At low
frequencies where insertion loss is low, the number sent to the D/A gives IC3b
a gain close to =1, and the output on IC3c, pin 8 will have a certain value
(depending on the setting of R86). As the frequency is increased the number
sent to the D/A reduces the gain towards 0 and consequently the output from
IC3c increases in magnitude. This increase in voltage at the input to the
fine attenuator is amplified according to the r.f. output level required and
fed to the a.l.c. comparator to bring about the insertion loss compensation.

li6, The number sent out to IC4 is calculated by the microprocessor from data
stored in 1its memory. A sufficiently accurate approximation to the real
insertion loss is obtained usiag just three calibration frequencies 10, 520
and 1040 MHz. At 10 MHz a code number 050 is stored {(using Second
function 6) and R86 adjusted for the correct r.f. output level. The
frequency is then set to 520 MHz and the stored code number increased until
the level is again correct. Finally the process 1s repeated at 1040 MHz
(20194 only). When a carrier frequency is selected the microprocessor
calculates the required code mumber from a straight line graph drawn between
neighbouring calibration points. The actual binary number sent to the D/A is
255.

AM processing

117. The r.f. detector D12, C34 measures the peak voltage of the r.f, signal.
When a.m. is present the detector measures the peak of the a.m. envelope; at
100% depth this will be double the wvoltage at 0% depth. To ensure that the
r.f. level is still correct the reference voltage applied to the comparator
must be increased by an amount equal to the detector wvoltage increase due to
the a.m. If this is not done there will be an r.f. level error introduced
depending on the a.m, depth.

118. This is overcome by adding to the d.c. reference processing chain an a.m.
drive signal derived from ACS via PLCZ, pin !l and including a mimic detector,
Di6, C58. The mimic detector measures the peak voltage of the a.m. drive
signal superimposed on the d.c. reference which - when calibrated = will
produce the correct r.f. output level.

119. In practise the r.f. detector has a finite time constant {(R43/C34) and so
that changes in r.f. level can take place quickly, the time constant must not
be too long. Consequently at low modulation frequencies the detector output
will decay between envelope peaks at a rate depending on this time constant.
In order to preserve the a.m, the reference voltage applied to the comparator
must match the r.f. detector voltage exactly. If this is not done the

comparator will produce & control signal that will tend to remove the a.m.
from the r.f. signal. To make the reference behave 1n the same way as the
r.f, detector voltage the mimic detector is set {o have the same time constant
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as the r.f. detector by means of the det. trim control R95. Temperature
compensation for the mimic detector is provided with D17 (similar to Di3).

120, The loop bandwidth of the a.l,c., system is approximately 50 Hz (C&47/R74)
so at very low modulation frequencies the comparator has appreciable gain and
the a.l.c. loop acts as an envelope feedback system. This means there will
be a modulation frequency signal on the comparator output which will further
modulate the carrier unless the two inputs to the comparator are accurately
matched. This is done by applying a calibrated a.m. input of low modulation
frequency and adjusting R77, set low mod. freq. until the output from AC4 is
correct.

12l. For the a.m« £o be correct at low modulation frequencies the audio drive
level on the reference to the comparator must be exactly equal to the audio
level from the r.f. detector. Setting this condition also eliminates the
r.f. level error occcurring at higher modulation frequencies caused by the
uncalibrated peak level of the a.m. drive signal on the reference siznal.

AC5 = Amplitude modulator

Circuit diagram : Chap. 7, Fig. 18

122. ACS board provides amplitude modulation of the output signal from ABZ,
divide=~by=-two chain (frequency range 2.03125-520 MHz). The modulated signal
is then routed to the Filter board, AC3/AC13. AM depth from 0 to 997 is
programmable in 1% steps, using seven bits of control data which are brought
to the intermal latch in the D/A converter, IC4, via the instrument bus. An
eighth bit of data is used to activate the "+6 dB mode", in which the r.f.
output level from ACS5 is doubled. Under this condition no a.m. is allowed,
and the microprocessor instructs 07 a.m. depth.

From divide by 2 X1 . x2 To AC2/ACT3
igu;n %t m.drive [] \ Nl!er bearg

¥ 1 TRI —
SKOE 4B ///// L//// SkDF

AMdrive ioals. *
FLOCHD

from 3
AC3
arACt3 ) DO-D6
e e —————
PLDC A \
PLOO/T o/
AMdrive from AD2

N/

+54dB

f“‘“;éﬁﬁ&ﬁj
pLOGHT P e
+6d8 instruction 1£2 TR/
R21 R22

12€ 818

Fig. 13  Amplitude modulator (ACS)
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123, The modulator consists of two double-balanced mixers, X1 and X2, in
cascade, with a 3 dB pad (R2-R4) and a recovery amplifier, ICl, between them,
X2 is responsible for the main part of the modulation, with Xl providing a
lower level of pre-modulation at large envelope depths, The pre~modulator
can be adjusted by varying the a.m. drive signal to X1 using preset R23. The
output from X2 ig amplified by TRl and fed to SKDF.

124, The audio input is fed to the linear port of the D/A converter, IC4, from
PLDD, and is amplified by IC3 whose gain depends on the control data latched
into the D/A. The resulting a.m. signal is fed to Xl and X2, and also to the
a.l.c. system on AC4 output amplifier via PLDC, pin 10. If the +6 dB mode
line is high, TR3 is turned on thus doubling the bias current in X2, This
causes an increase in the r.f., output at SKDF of 6 dB.

ADL1 =~ Display board

Circuit diagram : Chap. 7, Figs. 20 and 21

125, The display board incorporates the three liquid crystal displays (l.c.d.)
that are used to show the current settings of the instrument. The displays
are driven using c.m.0.8. logic ICs to apply square waves to the segments of
the display. Fach l.c.d. has a backplane (b.p.) which is connected to the
backplane drive (b.p.d.). The b.p.d. is a 50 Hz square wave.

126. The segments are driven by a similar square wave that is either in phase
or out of phase with the b.p.d. If the segment drive is in phase with the
b.p.d. there is no voltage applied between the segment and the backplane and
the segment remains clear. If the segment drive is out of phase with the
b.p.d. then a square wave voltage is applied between the segment and the
b.p.d. and the segment darkens. It should be noted that d,c. voltages should
not be applied to the l.c.d”s since this can result in permanent damage to the
display. A nominal <3 V supply for the board is generated using the Zener
diode Dl.

127. The backplane drive is generated by the astable multivibrator IC19. The
output from IC19, pin 10 is a 50 Hz square wave switching between 0 V and
+5 V. Before being applied to the displays the level of the square wave 1s
translated to be between +5 V and =5 V at the outputs on IC18, pin 3 and IC26,
pin 3.

128, Information to control the displays enters the board via PLAL.  The DO
to D7 lines and the AQ to A3 logic levels are made c.m.0.S. compatible by IC1
and IC2 open collector buffers and the pull up resistors in Rl. ICi3, 15 and
16 decode the address lines to provide control lines to instruct the latches
on the board. when the A5 line is held low the output from ICL3, ICié
corresponding to the address set on A0 — A3 lines goes high (+5 V). These
output lines, labelled ASLO to ASLL2, control which latch latches the data on
the DO to DYV lines.

129, With the exception of the decimal point driving system the data lines and
the latch control lines are connected to the respective 4056 and 4054 l.c.d.
drivers. The 4056 drivers are used to drive the seven segment displays.
Each IC latches four input data lines, either DO to D3 or D4 to D7, and decode
the data to drive the seven segment display. The 4056 also level shifts the
decoded information and converts it into a square wave between +5 V and =35 V
suitable for driving the display. If a binary 15 imstruction is latched in
the display will remain blank.
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137. The AF level output is obtained by first amplifying the AF oscillator
output using IC7d/4 and then using two D-A converters, IC13 and IC18, to
manipulate the signal level. IC15 provides fine control of the level and
IC18 sets the AF level range. Additional range control is obtained using R78
to R81 as an attenuator network and I1C22 as a selector switeh. The final
amplifier, IC24, and the resistors R78 to R81, are earthed at the front panel
to minimize earth loop currents.

138. External modulation is applied on PLDX pin 3. The input is buffered and
detected by ICéa/4, IC8 and ICY, If the input signal level is low (<0.95 V
r.m.5,) the monostables in IC10 are not triggered. IC10 pin 13 is low so the
"LO" l.e.d. on the front panel is on. If the input signal level is high
{(>1.05 V rum.s.) both outputs from ILC8 will generate pulses which counstantly
trigger the monostables in IC10. Since IC1Q pin 12 is low (pin 13 high) the
"HI" l.e.d. on the front panel is displayed. At intermediate levels ICl0
pin 1 is constantly retriggered but not pin 9 and so both l.e.d”s are off.

139, IChb/4 buffers the external modulation input. The audio veltage level
at the junction of R34 and R35 is levelled on ALC system using TRI as a
variable resistor, D3 and C21 as a detector and IC6 as a comparator. - R37 is
usaed to set the level with the ALC on. R32 calibrates the input with 1 V
r.m.s. applied and the levelling off. IClia selects whether the levelled or
the unlevelled signal is used according to the status of the MOD ALC key.
IC12a/3 selects whether the internal or external modulation source is used.
ICllb/3 and IC3c¢/3 improve the isolation of the INT/EXT switch,

140, If a.m., is selected IC12b/3 passes the signal on to IC31a/2 which
amplifies the signal and routes the signal via AD2 Motherboard to the
Amplitude Modulator ACS. If f.m. is selected ICL2¢/3 passes the signal on to
IC3b/2. If ¢m is selected the signal is routed through the differentiator
circuit IC4b/2 to IC3b/2. R70 is used to calibrate the ¢.m. deviation
without influencing the f.m. calibration.

141, An asuxiliary f.m. signal is added into the signal at the output of IC3b/2
from the AUX FM INPUT on the frout panel, R75 is used to set the output of
IC3b/2 to 12 V p~p on internal modulation. A series of 3 CMOS D-A converters
are used to control the FM signal level. IC20 modifies the signal level in
accordance with the ¥M tracking data. I1C26 modifies the signal level in
accordance with the FM deviation set and IC28 divides the signal level by
factors of 2 to provide range scaling.

142. The data required by IC26 is a 10~bit binary number and i1s loaded into
the D=A in two bytes. The first byte is the 8 least significant bits while
the second byte consists of the 2 most significant bits. The D/A setting
only changes when the wost significant bits are loaded in.
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AD4/1 - Keyboard

Circuit diagram : Chap. 7, Fig. 24

143, Keyboard AD4/1 carries all the front panel key switches, the l.e.d.
indicators for the modulation oscilllator frequency and the control logic
required to interface the switches and the l.e.d”s to the intermal data bus.

144, The key switches are arranged as an array organized in rows and columns,
The latch ICS5 is initially set to give logic “low” on its DO«D4 ocutputs and
“high” on D5, The pull up resistors in R7 set the logic levels at the inputs
to IC6 to a logic “high”. When the microprocessor is monitoring the keyboard
IC6 pbuffer 1s enabled to drive the internal data bus and so the microprocessor
is able to monitor the state of the keyboard. For convenience the inputs to
IC6 are referred to as columns and the outputs from IC4 are referred to as
rOWS .

145. When a key is pressed 1t shorts that column to one of the rows. In
order to find which key in a column has been pressed the microprocessor sets
all but the top row {connected to IC5 pin 2) of mechanical switches to the
high state. If the key pressed was in the top row then the column will
remain in the “low” state. 1f not, the column returns to the “high” state
and the microprocessor sets a “low” to the next row down (IC5 pin 5) with all
other rows set “high”. This is repeated until the correct row is located.
Having determined which row and which column the key was in this uniquely
identifies the key pressed.

146. IC7 forms an electromic switch extension to the keyboard. In normal
keyboard operation IC3 pin 15 (D5) is set “high”. If the RPP is tripped IC7
pln 3 pulls the first column low in the same way as a switch would. The
keyboard is scanned in the normal way with D5 low, thus disconnecting the
electronic switch, After interrogating D4 row, D5 row is interrogated by
setting IC5 pin 15 high to confirm that the RPP has tripped. The electronic
switches formed at pin 6 and pin 8 of IC7 are normally disabled by setting IC5
pin 19 low. If the GPIB requests that "HI" "LO" l.e.d. status on the front
panel is intervogated IC5 pin 19 is set “high” and all other rows are disabled
{(pin 15 low, pins 2,5,6,9,12 high).

147. The l.e.d”s in the key switches and the group of l.e.d”s indicating the
modulation oscillator frequency are controlled by the latches IC2 and IC3.
The resistors Rl and R2 control the current flowing in the l.e.d”s.

AEl -~ Power supply board

Circuit diagram : Chap. 7, Fig. 2

148. The mains supply range 1s set by two selector switches, SAR and S5AS,
whose position is locked by a cover plate, The mains transformer is located
in a steel box underneath board AE]L.

149. The power supply is required to generate regulated +24 V, +15 V, 45 V and
~15 V d.c. voltage lines. The +5 V supply is derived from secoundary 1 of the
maing transformer. This is rectified by bridge Dl of AMO and is located on
the power supply chassis under the board AE]. The rectifier bridges for the
other supplies (DI, D2, D3 or AEl) are located on the board AEl together with
the reservoir capacitors Cl, €6, C7 and Cl0.
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150, The d.c. from the reservoir capacitors is regulated by three terminal
adjustable regulators. The regulators for the +5 V and +13 V gupplies are
ICL and IC2 of AMO and are located on the heatsink on the rear of the
instrument. The potentiometers RZ, K5, E8 and Rll enable the output voltages
of each supply to be adjusted. Each of the regulator”s ICs is protected
against accidental shorts causing high discharge currents by IN4004 rectifier
diodes, The bypass capacitors C3, C5, C8 and Cll improve the ripple
rejection of the regulators. Bach regulator also has an internal thermal
protection circuit.

151. The board AE!l has been carefully arranged such that the earth point of
the resistor chain at the output of the regulator has been terminated on the
chassis by a separate route to that of the reservolir capacitors. This
ensures that the outputs from the regulators are free of mains supply ripple.

ATO/ATL - 10 dB step attenuator

Circuit diagram : Chap. 7, Fig. 25

152. The p.c.b. ATl is located in a casting and the board is made of a low
loss p.t.f.e. based material. Screens are added to provide signal isolation
at high frequencies. The 1lid of the attenuator uses beryllia copper springs
to provide an r.f. connection between attenuator screen and the 1id.

153. The board AT! provides precision 10 dB steps in the output level and
incorporates a reed relay to provide reverse power protectiomn. Each
attenuator pad consists of 3 precision chip resistors that provide attenuation
of 10 dB, 20 dB or 30 dB. Each pad is switched in or out of circuit by
microswitches actuated by a solenoid. When a pad 1is switched out the t.f,.
signal is connected to a direct bypass route, The insertion loss of the
direct route and the pad (excluding the intended attenuation) is set up to be
identical by the adjustment of small flags., These are adjusted by means of
nylon screws in the screens. Each pad is separately set up and requires the
use of specialist measuring facilities and it is recommended that this is
carried out by the nearest Marconi Instruments agent or Marconi Instruments
Service Division.

RPP - Reverse power protection

154, Resistors R16 to R20 form a high impedance r.f. signal divider at the
output of the attenuator which is used tco sense the r.f. present at the output
of the attenuator. Diodes Dl and B2 detect the signal level and the
resulting d.c. is connected for use in the r.p.p. system. If the signal
level exceeds a preset limit the reed relay RLF is set to the open circuit
condition in order to protect the attenuator from excessive power dissipation.
The decoupling capacitors Cl, C2 result in the detector being more sensitive
to very low frequencies than to r.f. This ensures that it is not possible to
damage the attenuator with externally applied d.c.

155. The reed relay RLF is mounted in a coaxial tube to ensure that the
VeS.W.T. 0f the reed assembly is very low. 1t should be noted that the reed
should be handled very carefully since it is fragile and is particularly prone
to damage around the glass seals at each end. The reed 1s operated by the
magnetic field £rom the inductor Ll. Ll is wound on a bobbin and the reed
relay, surrounded by its coaxial tube, is slid up the centre of the bobbin.
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AT2 — Attenuator control
Circuit diagram : Chap. 7, Fig.. 26

156. Board AT2? controls the attenuator pads and the r.p.p. detector system.
The board is located directly above the attenuator casting. The control
lines that energize the attenuator pad solenoids come onto the board wvia PLAE
from the motherboard AD2. When one of the solenoid connections is grounded
by the open collector drivers IC5,IC6, current flows through the corresponding
solenoid and the solenoid armature moves across and operates the attenuator
microswitch. -

157. When a solenoid is energized (control line grounded) the attenuator pad
is switched out of circuit. The diodes D4 to D8 act as clamps to protect the
cpen collector drivers on IC5,IC6. When a solenoid is de-energized the
stored magnetic field causes a voltage spike on the control lines whose
amplitude is clamped to a voltage approximately 0.7 V above the voltage on
PLM, pin 5.

158, The power for the solenoids is supplied by PLP, pin l. Normally this
supply is at approximately +9 V. This, by itself, is not adequate to pull in
the solenoilds, therefore when the microprocessor updates the attenuator
setting, supply to the solenoids is temporarily increased to approximately
20 V for 35 ms after a delay of 17 ms. This 1s accomplished by the
monostable IC4 and transistors TRZ and TR3. When the attenuator setting is
updated by an A6L10 instruction solenoids which are being de—-energized have
their input power immediately removed. Solenoids which are to be energized
are connected to the +9 V supply via D1l during this time. After 17 ms the
monostable IC4 is triggered on pin 9 and sets pin 5 high for 35 ms. This im
turn switches TR3 on and connects the solenoids to a 20 V unregulated supply.
This voltage then fully energizes the sclenoids. After the 35 ms interval
TR3 is turned off and the supply returms to 9 V unregulated. Sequencing the
power to the solenoids in this fashion ensures that they de-energize quicker
than they are magnetized, hence ensuring that large positive r.f. level
transients are not generated.

159, The r.p.p. 1s also controlled on ATZ. The cutput from the peak
detectors used to detect the application of reverse power to the attenuator
board AT]l is fed in to AT2 at PLN, pins 1, 3 and 4. IC1l detects the
difference voltage between these detector outputs, The output on ICl, pin 6
is then compared with a reference on IC2.

160. If the detected signal level is excessive IC2, pin 7 is asserted “high”
resetting the R-S flip~flop formed by IC3. This results in IC3, pin 13 going
“high” turning off TRl. The wvoltage on PLN, pin 1 then falls to zero and the
reed relay on ATl attenuator is open circuited. The reaction time between the
application of reverse power and the reed relay going open circuit is typil-
cally 80 us. The Zener diode, D3, protects TRl against the voltage transient
when power is removed from the reed relay”s operating inductor (l.e.d. DIO is
on when the reed relay is closed to indicate that operation is normal).

161, When the reed relay goes open circuit the RPP ACTIVE line on PLV, pin 9
is asserted “high”. This line is connected to the keyboard AD4 where the
microprocessor detects its operation and responds accordingly. The r.p.p. is
reset when the microprocessor sets the RPP RESET line on PLV, pin 12 to the
“low” state and then subseguently sets to “high” again.
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AGO — GPIB adapter module

Circuit diagram @ Chap. 7, Fig. 27

162. This module is an optional item and only fitted to 2018A/2019A when
remote facilities are required, The module when connected to the rear panel,
allows direct connection from a GPIB talker/listener device and implements the
full IREE 488 specifications {no control function).

163. IC2 (8291) GPIB talker/listener integrated circuit is connected to AA2
microprocessor via SKAK and AD2 motherboard providing both talker and listener
capabilities, details of these are given in Chapter 3 of the Operating Manual.
IC3a and IC8 determine the read and write address decoding cycle. ICl operates
as an independent clock whose frequency (between 1 and 2 MHz) is used to time
out an approximate 2 us delay allowing the bus to settle after sending data.

164, IC4 — ICT7 transceivers are used to translate the negative true logic and
act as drivers. IC3b provides the logic “low” level for the receive
instruction TR/1 to IC5, pins 7,9; or the talker “high” level for IC5, IC6
and IC7 and also provides the additional buffering necessary for the three ICs
in line,

165. PLDW is an auxiliary plug which is externally accessed to provide the
means of controlling external relays or similar., Eight data outputs (D0-D7)
are driven by IC10 which can supply up to 530 mA to the load. An enable input
(pin 10) is internally connected to +5 V by R2 so that when the enable line is
open circuit the data lines will all remain enabled.- T1If the outputs are to
be connected to a load that has an integral power supply with a +5 V line
available it is preferable to connect the enable pin to this. In the event
of an external power failure the enable pin will be set “low” and the data
lines will be disabled. Setting data on each line is achieved by means of
Second function 18.

SECOND FUNCTION OPERATIONS

166. Second function operations provide the means of controlling wvarious
secondary features and calibrations within the instrument. There are three
levels of operation, two of which require unlocking in order to gain access,
Each level of operation and method of access is described below,

167. Normal operation

nd functions “0° Unlock

“17 Status information These functions are un—
27 GPIE address setting protected and may be
“3” Manual latch setting accessed directly:-

“4°  SRQ mask setting Press SECOND FUNCT

“9” Elapsed time display followed by the

“11” Read identity string appropriate numeral(s).

712”7 Write user-~definable string

137 Read user—definable string

718" Set data on GPLB Aux. output
pins.
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168. First level operation

2nd functions “57
’6’
»14¢

169. Second level operat

RF level units setting
R¥ ievel offset

1 or 10 MHz standard
setting

0ld/new GPIB command set
Recall STORE 10 at
switch on

ion

2nd functions “77
)8’
lg’
’171
“190°
“191”°

“192”

170. Second function -~

RF level calibration

FM calibration

Reset of elapsed time
display

Read total instrument
operating time
Calibration and storage
of amended EAROM checksum
Write - Identify string
setting

Protection of store
settings

Pisplay blanking of
recalled stores

37 Manual latch setting.

These functions have
first degree protection

and are accessed by the
following procedure:-—
Press SECOND FUNCT, O

then the MOD ALC and AF
ON/OFF keys simultan=-
eously, holding these down
until a 17 appears in the
carrier frequency window
indicating access to first
level operations. Follow
this by pressing SECOND
FUNCT and the numeral(s)
required.

These functions have
second degree protection

and are accessed by the
following procedure:-
Press SECOND FUNCT, O
then in the rotation
given first MOD ALC then
AF ON-OFF and finally
CARRIER FREQ key, hold
down all three keys until
a “2° appears in the car-
rier frequency window in-
dicating access to second
level operations. Follow
this by pressing SECOND
FUNCT and the appropriate
numeral{s) required.

Second functions that are

used in normal operation of the instrument are described in the Operating
Manual Vol. 1. Second function 3 Manual latch setting however is used only
in maintenance applications and is therefore described here. Second function
3 allows the operator to direct an 8~bit binary instruction to any of the
instrument”s internal latches for testing and fault finding. The latch is
selected first by selecting SECOND FUNCT 3 mode then entering the number of
the data valid line (1 digit 4 to 7), this is displayed in the Modulation
display window. This should be followed by the number of the latch (2 digits
0C to 15}, this is displayed in the RF level window.

171. The current value of data normally applied to the latch is then displayed
in the Carrier frequency window. New data can then be entered imn binary (8
binary digits 00000000 to 11111111), most significant bit first. The decimal
point indicates the division between the changed data and that entered init—
ially. Where a latch location serves several miscellaneous functions and only
one bit needs to be amended considerable time is saved in not having to speci=-
fy other irrelevant bits that are present in the same latch location. The
decimal point key allows the moving of the displaved decimal point without
actuaily changing data.
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AGDO - GPIB adapter module

Circuit diagram : Chap. 7, Fig. 27

162. This module is an optional item and only fitted to 2018A/201%A when
remote facilities are required. The module when connected to the rear panel,
allows direct connection from a GPIB talker/listener device and implements the
full IEEE 488 specifications (no control function).

163. IC2 (8291) GPIB talker/listener integrated circuit is connected to AA2
microprocessor via SKAK and AD2 motherboard providing both talker and listener
capabilities, details of these are given in Chapter 3 of the Operating Manual,
“IC3a and IC8 determine the read and write address decoding cycle. IC1 operates
as an independent clock whose frequency (between 1 and 2 MHz) is used to time
out an approximate 2 ps delay allowing the bus to settle after sending data.

i64, IC4 - IC7 transceivers are used to translate the negative true logic and
act as drivers, IC3b provides the logic “low”™ level for the receive
instruction TR/} to IC5, pins 7,9; or the talker "high” level for IC5, IC6
and IC7 and also provides the additiomal buffering necessary for the three ICs
in line.

165. PLDW is an auxiliary plug which is externally accessed to provide the
means of controlling external relays or similar. Eight data outputs (D0-D7)
are driven by IC10 which can supply up to 50 mA to the load. An enable input
(pin 10) is internally comnected to +5 V by R2 so that when the enable line is
open circuit the data lines will all remain enabled. If the outputs are to
be connected to a load that has an integral power supply with a +5 V line
available it is preferable to connect the enable pin to this. In the event
of an external power failure the enable pin will be set “low” and the data
iines will be disabled. Setting data on each line is achieved by means of
Second function 18.

SECOND FUNCTION OPERATIONS

166. Second function operations provide the means of controlling various
secondary features and calibrations within the instrument. There are three
levels of operatiomn, two of which require unlocking in order to gain access.
Fach level of operation and method of access is described below.

167. Normal operation

2nd functions 70”7 Unlock

17 Status Information These functions are un—
“2° GPIB address setting protected and may be
“3” Manual latch setting accessed directly:-

47  SRQ mask setting Press SECOND FUNCT

4" Elapsed time display followed by the

“117 Read identity string appropriate numeral(s).

12" Write user~-definable string

“13” Read user-definable string

“18° Set data on GPIB Aux. output
pins.
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168, First level operation

2nd functions “5° RF level units setting These functions have
“6” RF level offset first degree protection
“147 1 or 10 MHz standard and are accessed by the
setting following procedure:-
15”7 0ld/new GPIB command set Press SECOND FUNCT, O
167 Recall STORE 10 at then the MOD ALC and AF
switch om ON/OFF keys simultan-~

eously, holding these down
until a “1” appears in the
carrier frequency window
indicating access to first
level operations. Follow
this by pressing SECOND
FUNCT and the numeral(s)

required.
169, Second level operation
2nd functions 777 RF level calibration These functions have
“8” FM calibration second degree protection
9 Reset of elapsed time and access to Second
display level operation is
“10” Read total instrument restricted to authorized
operating time calibration units only.
“17° Calibraticn and storage Interference with these
of amended EAROM checksum second functions could
190" wWrite = Identify string invalidate the instru-
setting ment”s calibration.
“191” Protection of store
settings
71927 Display blanking of
recalled stores
170, Second function “37 Manual latch setting. Second functions that are

used in normal operation of the instrument are described in the Operating
Manual Vol. 1. Second function 3 Manual latch setting however is used only
in maintenance applications and is therefore described here. Second function
3 allows the operator to direct an 8~bit binary instruction to any of the
instrument”s internal latches for testing and fault finding. The latch is
selected first by selecting SECOND FUNCT 3 mode then entering the number of
the data valid line (1 digit 4 to 7), this is displayed in the Modulation
display window. This should be followed by the number of the latch (2 digits
00 to 15), this is displayed in the RF level window.

171. The current value of data normally applied to the latch is then displayed
in the Carrier frequency window. MNew data can then be entered in binary (8
binary digits 00000000 to 11111111), most significant bit first. The decimal
point indicates the division between the changed data and that entered init-
ially. Where a latch location serves several miscellaneous functions and only
one bit needs to be amended considerable time is saved in not having to speci~
fy other irrelevant bits that are present in the same latch location. The
decimal point key allows the moving of the displayed decimal point without
actually changing data.
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172. The amended data when set, can be sent to the latch by pressing the STORE
key., New data can also be sent without re-entering the latch address if
required. Pressing any orange function key other than the STORE key will
result in the data being coverwritten and the instrument being returned to
normal operation.

173. Further details of the control data used for individual boards is given
in Chap. 5, Maintenance., The example following illustrates the procedure for
setting the coutrol data to a board such as AC5, Amplitude modulator. To set
30% modulation on the board carry out the steps (1) to (3) as follows:-

Latch address for ACS5 board is A7LO

(1) Address (A7); Press the numeral 7 on the keyboard display shows:~

CARRIER  FREQUENCY . . MODULATION LEVEL

L ] L ]

{2) Latch (LO); Press the numeral 0 on the keyboard
twice (LO implies L0OO), dlsplay shows :~
. CARRIER FREQUENCY T MODULAT!ON " LEVEL .
- !
YR nL ] o )
H B L8 0 L6 B LS LY 1” 1“ ¢ lﬂ Ei ‘ LE bf H

Note o..

Current value of AM is 0% and the +6 dB mode is off,

(3) 30% Modulation; To obtain 307% modulation, set a
binary 30 in the Carrier Frequency
display by entering either 17s or
0°s from the keyboard, the decimal
point indicates the division between

) orlglnal and changed data, dlsplay shcws.
CARRIER FREQUENCY MQDULATION - LEVEL

Coomsiomy 1 71 ag ||

To complete the operation press the STORE key.

174. Second function “77 RF level calibration setting. The output level is
calibrated by setting a control number (0 - 253} at 10 MHz, 260 MHz and

520 MHz (780 MHz and 1040 MHz for 2019A) via second function 7. At all other
frequencies the required control data is calculated from these numbers. The
instrument allows access to one of these numbers at a time, according to the
current carrier frequency. The current value is shown in the RF level
display window when second function 7 is selected: & new number may be
entered via the keyboard, {or GPIB) or the displayed number changed using the
UP and DOWN keys. The output level changes accordingly: to store the new
number press the “STORE” key. It is necessary to ensure that offsets are
"off" before using this facility.

175. Second function “8” FM tracking. The frequency deviation when f.m. is
selected is calibrated at 84 frequencies: at other frequencies the required
data is calculated internally from the adjacent tracking poilnt data. In
order to set a calibration figure at a tracking point, the generator must
first be set to the required frequency, with f.m. on, in the normal way.
Second function 8 will then display the current calibration number in the RF
level display window. This number may be changed by entering a new number,
or incremented using the UP and DOWN keys for coavenient fine control: the
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change is effective immediately. The STORE key is used to overwrite the old
number with the new: until this happens no permanent change to the calibration
data is effected.

176. Should the generator be tuned to a frequency which does not correspond to
a tracking point, second function 8 will display the "~--~" (retuning required)
message .

177. Second function “9°,  Reset of elapsed time display. Selection of
second function 9 without unlocking the instrument to the second level of
operation will result in an elapsed time since last reset display. To reset
this to zero overcome the second degree protection and allow second level
operation, then select SECOND FUNCT 9. Follow this by pressiag the 707 and
STORE keys.

178. Second function “107. Read —~ total instrument operating time. This
read only Iacility gives the total number of operating hours since instrument
manufacture and is used to establish mean time before repair (MTBR) figures.
Selection of second function 10 after first unlocking the instrument to allow
second level operation will give a record of the elapsed time (in hours), this
is displayed in the carrier frequency window with a resolutiom of (.5 hrs.
When first receiving the instrument a display of elapsed time will be evident,
this reflects the factory”s initial calibration period.

179. Second function “177. Calibration and storage of amended EARGM

checksum, The initial operating mode of the instrument should be shown on

the front panel display at switch on. This is carrvier frequency %20 MHz
(1040 MHz, 2019A) internal mod. osc. lkHz, no modulation and minimum r.f.
level (-127 dBm or equivalent). Before this occurs a check on the

serviceability of the PROM and "RAM is carried out and a checksum is initiated
on the EAROM stored data. If either PROM or RAM checks are in error the
instrument will be unable to take up the initial operating mode and error
message 10,12,13 or 14 will be displayed in the carrier frequency window
instead. Details of error messages are to be found in the Operating Manual
Vol. 1.

180. Likewise if for any reason the non-volatile EAROM on AA2/1 board has
failed or been replaced or if new RF level calibration or FM tracking data has
been entered (as a result of recalibration) the checksum will not agree,
Error number (06 will be displayed in the carrier frequency window until any
front panel key is pressed, or any GPIB instruction is received.

181. A new checksum can be calculated and stored by invoking SECOND FUNCT 17
and pressing the store key. Suitable calibration procedures should, however,
precede this operation. Details of this procedure are given in Chapter 5
Maintenance,

182. Second function 71907 Write - Identity string setting. This facility
will normally only be reguired to initialize the instrument. The identity
string shows the inst{rument type number and serial number. This information
can be read via the GPIB. A typical instrument display is shown in the
Operating Manual Vol. 1 Chap. 3 under second funetion 11i. The Iinstrument
type number and software issue number is shown first, e.g. 52019-910, 001,
followed by the instrument serial number. Type and serial number can be
reset but the software issue number is built into the software and cannot be
changed.
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183, After unlocking the instrument to allow second level operation select
SECOND FUNCT 190 keys and entering digits {only) from the left set the first
part of the identity string (instrument type number) then terminate the entry
by pressing the STORE key. Press the decimal point key to access and set the
second part of the string (instrument serial number) and enter digits as
before, Again terminate the entry by pressing the STORE key.

184. Second function 71917 Protection of store setting. This facility
disables the operation of the STORE key in the normal mode of operationm in
order to provide protection against inadvertent alteration. Unlock the
instrument to second level gperation then SECOND FUNCT 191 keys followed
either by the numeral “17 (protection of stores) or "0 (protection released)
then terminate the entry with the STORE key. Attempts to overwrite the store
contents when protected will result in Error message 1l being displayed in the
carrier frequency window.

185, Second function “192° Display blanking of recalled stores. This
facility enables restrictions to be exercised on the display of data set in
stores should this be of a classified nature. Front panel display
information is blanked when any store (other than 00) is recalled. All
information concerning the existing status, with the exception of error
messages and total shift data is prevented from reaching the display. Select
SECOND FUNCT 192 then the numeral “1° followed by the STORE key to enable the
facility. To disable the facility select “0” and STORE keys. Recall of
store 00 will give a valid display of that stores contents and return the
instrument to the normal display mode.
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INTRODUCTION

1. This chapter contains information for keeping the equipment in good
working order, checking overall performance, fault finding and realignment
procedures. Before attempting any maintenance on the equipment you are
advised to read the preceding chapter containing the technical description.

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

3. Performance limits quoted are for guidance and should be taken as
guaranteed performance specifications unless they are also quoted in the
performance data in Chap. 1. When making tests to verify that the instrument
meets the stated performance limits, allowance must always be made for the
uncertainty of the test equipment used.

4, In case of difficulties which cannot be resolved with the aid of this
book, please contact our Sales 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 instrument,

5. Integrated circult and semiconductor devices are used throughout this
instrument and, although thege have inherent long term reliability and
mechanical ruggedness, they are susceptible to damage by overloading, reverse
polarity and excessive heat or radiation and the use of insulation testers.

6. Numerous chip capacitors and resistors are fitted in this equipment,
These have silver palladium end cap terminations. When soldering these
devices the following precautions should be observed.

(i) Use solder containing 2% silver, and a temperature controlled
45 watt soldering iron set to 315%C (6000F). The use of a high
wattage soldering iron will minimize the time taken to solder the
device.

{(ii) When soldering chip components to printed circuit boards a long
fillet of solder should be laid on the track leading up to each end
cap termination. This reduces the otherwise adverse inductive
affects at high frequencies.

7 Static sensitive components. The c.m.0.8., integrated circuits used
in this instrument have extremely high input resistance and can be damaged by
accumulation of static charges (see preliminary pages, Notes and Cautions).
Boards that have such integrated circuits all carry warning notices against
damage by static discharge. Care must also be taken when using freezer
sprays to aid fault finding. These can create a static charge likely to
change the programmed memory of (E)PROMS.

8.  Beryllia health hazard, This material is used in the construction of
transistor TR10 in Unit AC4., Warning notices are displayed and extreme care
must be exercised when wishing to disturb thig transistor (see preliminary
pages, Notes and Cautions).
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9, Bulkhead connectors and gaskets. Special care should be taken to ensure
that no r.f. leakage occurs. To this end all bulkhead connectors and 1lid
sealing gaskets should be secure. It is essential that the unit lids be
correctly relocated in their slotted recesses after removal.

10, Fault location. Some aid to fault finding is provided by the typical
de.c. voltage and signal levels. Tables given are not extensive but are
intended as a pointer to further investigation. It is emphasized that each
fault table should be studied having regard for the others, since incorrect
operation of a circuit may be caused by malfunction of an associated circuit.

PERFORMANCE CHECKS

Overall tests and adjustments

11. Many of the tests described in this chapter are simplified and of
restricted range compared with those which would demonstrate compliance with
the sgpecification as described in paras. 1 to 4. If the results quoted in
the following paragraphs are not obtainable refer to the related fault finding
section and tables, and after rvepair ensure that realignment is carried out in
accordance with the Instrument Calibration section, if applicable.

Frequency accuracy

Tast equipment : items d, Digital frequency meter
n, Standard frequency source {10 MHz)

12, (1) Connect the frequency meter to the output of the instrument.

(2) It is advisable to synchronize the frequency meter with an external
standard frequency accuracy 2 parts in 108 if possible.

(3) With the 2018A in any mode of operation and the INT standard selected
carry out spot checks throughout the range of the instrument and ensure
that frequencies are within specifications.

{4) Check that the output from the rear panel STD FREQ IN=0UT socket is a
nominal 3 V p-p frequency signal at 10 MHz %1 Hz,. The standard
frequency trim Rl can be accessed through the upper right-hand side outer
cover and enables the intermal standard to be set against a primary
external standard. ’

CAUTION

Incorrect adjustment of this preset will impair the frequency accuracy of
the generator. Allow at least 10 minutes warm~up and switch the
frequency countar to Select “B” 1 Hz resclution. Adjust Rl for a
reading of 10 MHz %1 Hz then switch the frequency counter to 0.1 Hz
resolution and check the indication is the same after five counter gates.
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TABLE 1

TEST EQUIPMENT

Item Description Minimum use specifications Recommended
model
b T connector VSWR » 1.2:1 at 1500 MHz, terminated
in 50 @ ™ 7948
¢ |N type 30 Q VSWR » 1.05:1 up to 1500 MHz ™ 7967
d |Digital Frequency range: 10 He to 2 GHz 2435
frequency Sensitivity: 56 mV r.m.s. p.d.
meter into 50 Q
Input impedance: LF 1 MHz in parallel
with less than 25 pF.
Nominal 50 Q
e [Multimeter Greater than 20 kp/V GEC
Selectest
£ Power meter Power range measurement: =30 to +13 dBm |6960 Series
Accuracy: +0.15 dB &
Frequency range: 80 kHz to 1040 MHz 6912 Sensor
g iDistortion Fundamental range: 20 Hz to 20 kHz TF 23314
factor Fundamental rejection: 80 dB or 2305
meter Measurement accuracy: 2% of full-scale
+27% of reading
h |AM/FM modula~ 2305
tion meter
i {AF oscillator Frequency range: 10 Hz to 110 kHz TF 2104
Accuracy: *3% of reading
Distortion: Better than ~100 dB from
10 Hz to 30 kH=z
Level: 0 to 3 V
ki Digital DC veolts. Ranges: +10 mV to £1000 V
voltmeter Resolution: 0.01% of range (10 yV on
100 mV range).
Accuracy: +100 mV range *(0.05% of input
+ 0.02% of range
£1 V to 1000 V range +(0.027% o
input +0.0G1% of range)
k (1) Spectrum |Frequency range: 10 kHz to 1.25 GHz TF 2370/
analyzer |Variable persistance/storage display TK 2373 &
(ii) Frequency TK 2374
extender
(iii) Zero loss
probe
Chap. 5
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TABLE 1}

TEST EQUIPMENT

(continued)

Item Description Minimum use specifications Recommended
model

1 |AF volimeter Range: | aV to 100 V f.s.d. TF 2600B

Frequency range: 10 Hz to 10 MHz
Accuracy: *l%

m {0scilloscope Bandwidth: 50 MQ TELEQUIP~
with dual trace |(Volts/division: 5 mV to 20 V MENT D83
capability with V4 dual

channel wide
band amp.
plug in

n tandard Output level: 4 V p-p Rubidium oy
frequency Frequency accuracy: 2 parts in 108 Caesium
source {10 MHz) reference

unit

o |{Variable d.c. 0 to 30 Vd.c. at 1 A TF 2155/1
power supply

p |Sweep oscilla~ |Frequency range: 5 MHz to 2 GHz 6700B/6730A
tor & RF plug- Sweep output: +2 V to +10 V
in unit Markers, amplitude -5 V

Fi-F2 symmetrical sweep

q Rho-bridge Frequency range: 1 MHz to 1 GlHz
with two Residual ves.wer.: » 1.01:1 from 5 MHz
standard 50 @ to 1 GHz
loads and Characteristic impedance: 50 §
calibrated Calibrated mismatched loads: 1.2:1,1.5:1}
mismatched Two standard 50 (3 loads, v.s.w.r. better
loads than 1.02:]1 from 1 MHz to 1 GHz.
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TABLE 2  DECIBEL CONVERSION TABLE

Ratio Down Ratio Up
VOLTAGE POWER DECIBELS YOLTAGE POWER
10 1-0 0 10 1-0
-9886 9772 4 1012 1023
9772 -9550 -2 1-023 1047 -
9661 9333 3 1-035 1072
9550 9120 4 1047 1-096
9441 -8913 -5 1-059 1122
9333 . 8710 $ 1-072 1-148
"""" 9226 -8511 -7 1-084 1175
9120 -8318 -8 1-096 1202
9016 -8128 9 1109 1230
-8913 7943 10 1122 - 1:259
-8710 -7586 12 1.148 1-318
-8511 7244 14 1175 1-380
-8318 6918 i-6 1-202 1-445
8128 6607 i8 1-230 1-514
~7943 6310 20 1.259 1-585
7762 6026 22 1-288 1-660
-7586 5754 2-4 1-318 1-738
7413 5495 26 1-349 1-820
7244 -5248 28 1-380 . 1-905
7079 5012 30 1-413 . 1-995
6683 - 4467 35 1-496 2:239
6310 -3981 4.0 1-585 2-512
-5957 -3548 45 1-679 2-818
5623 ‘3162 50 1.778 3162
-5309 _ -2818 55 1-884 3-548
-5012 2512 6 1-995 3-981
4467 1995 7 2-239% 5-012
-3981 1585 8 2:512 6-310
-3548 1259 g 2-818 7-943
-3162 1000 10 3162 10-000
~-2818 07943 11 3-548 12-59
2512 06310 12 3-981 15-85
2239 05012 13 4-467 19-95
1995 03981 14 5012 2512
1778 -03162 15 5623 3162
Chap. 5
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TABLE 2 DECIBEL CONVERSION TABLE (continued)
Ratie Down Ratio Up
YOLTAGE PO‘{VER DECIBELS VOLTAGE POWER
1585 02512 16 6-310 35-81
1413 01995 17 7-079 5012
1259 01585 18 7.943 63-10
1122 01259 19 8913 79-43
1000 01000 20 10-000 100-00
07943 6-310 x 107 22 1259 158.5
06310 3.981 x 10 24 15-85 251-2
05012 2:512 x 107 26 1995 398.1
03981 1-585 x 10~ 28 2512 6310
03162 1-000 x 10-3 30 3162 1,000
02512 6-310 x 10~ 32 3981 1-585 x 10°
-01995 3981 x 10~ 34 50-12 2:512 x 10°
01585 2:512 x 10~ 36 63-10 3-981 x 10°
01259 1 585 x 10~ 38 79-43 6310 x 10°
01000 1-000 x 10+ 40 100-00 1-000 x 10*
7-943 x 10 6-310 x 10- 42 1259 1.585 x 10*
6-310 x 10 31981 x 10 44 158-5 2512 x 10°
5-012 x 10° 2:512 x 10-5 44 199-5 3-981 x 10°
3981 x 10 1.585 x 10-5 48 251-2 6310 x 10¢
3-162 x 10 1.000 x 105 50 316-2 1000 x 10
2-512 x 10 6310 x 10 52 398-1 1.585 x 10°
1995 x 103 3.981 x 10 54 501-2 2-512 x 108
1-585 x 10 2:512 x 10 56 631-0 3.981 x 10¢
1259 x 10~ 1.585 x 10 58 794-3 6-310 x 10°
1-000 x 10+ 1.000 x 10~ 40 1,000 1-000 x 10¢
5-623 x 10 3162 x 107 65 1.778 x 10° 3162 x 10%
3162 x 10+ 1-000 x 107 70 3162 x 10° 1-000 x 107
1.778 x 10~ 3162 x 10 75 5-623 x 10° 3-162 x 107
1-000 x 10~ 1-000 x 10-8 80 1-000 x 10* 1-000 x 10¢
5.623.x 10~ 3162 x 10~ 85 1778 x 10 3162 x 10°
3162 x 10 1-000 x 10 90 3162 x 10 1-000 x 107
1-000 x 10-5 1.000 x 10-1° 100 1.000 x 108 1-000 x 10
3-162 x 10~ 1-000 x 10-" 110 3162 x 108 1-000 x 10"
1000 x 10-¢ 1000 x 1012 120 1-000 x 10 1-000 x 10"
3162 x 107 1.000 x 10 130 3162 x 10¢ 1-000 x 10"
1-000 x 10~ 1.000 x 10~ 140 1-000 x 107 1.000 x 10
& 5
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RF output

Test equipment a, minimum specification Example
power meter 80 kHz to 1040 MHz Marconi 6960 with
=30 to +13 dBm 6912 power sensor

with accuracy better
than *0.15 dB

Performance specification: 2 dB from 80 kHz to 520 MHz.
+2 dB from 520 MHz to 1040 MH=z.

Procedure: connect the equipment as shown.

20147194
SIGNAL GENERATOR

L 11

O :::EE o

8960

8912

Fig. 2 Test gear arrangement for r.f. output measurements

Set the 2018A/19A to give a carrier frequency of 1C MHz and an r.f.
level of { dBm.

Check that he indication on the power meter is within xl dB of that
selected., ‘

Repeat for random carrier frequencles from 8C kHz to 520 MHz and random
levels between ~30 dBm and +13 dBm.

If the instrument being checked is a 2019A, repeat for random carrier
frequencies between 520 MHz and 1040 MHz, this time checking that the level
displayed on the power meter is within 2 dB of that selected on the 2019A.

Coarse attemiator functional check

Test equipment : item k, Spectrum analyzer

15, The 10 dB step attenuator contains three 30 dB pads, ome 20 dB pad and
one 0 dB pad. Each of these may be selected individually by utilizing the
second function 3 mode. Connect the spectrum analyzer to the RF QUTPUT
socket and select +7 dBm on the 2018A. The coarse attenuator ATO/ATI is
controlled from AD2Z motherboard, address A6LIOC. To select each of the relays
in turn carry out the following procedure:-

{1) Select SECOND FUNCT 3.

Mar. 88 (Am. 3) Ghap. 3
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(2) Enter by means of the instrument keyboard, the address wvalid, (6),
followaed by the address latch number (10). The modulation display
window will indicate 06 and the level display window 10.

(3) Enter the data in binary 1 or (O from the keyboard, numbers are
rotated in from the right and are displayed in the carrier frequency
window. Each relay may bhe selected by the binary number shown below in

Table 4.
TABLE 4 ATO/AT1 ATTENUATOR FUNCTIONAL CHECK
Binary No. Relay de—energized Attenuator pad RF output

D7 D6 b3 D4 D3 D2 DI BO

o o 1 1 1 1 0 1  RLE 10 dB -3 dBm
0 0 1 1 10 3 1 RLD 20 dB =13 dBm
0 0 1 1 0 I i 1 RLC 30 dB -23 dBa
0 0 1 0 1 i 1 1 RLB 30 dB ~23 dBm
o 0 0 1 I 1 1 I RLA 30 dB -23 dBm

(4) Check that the output level falls to the appropriate level on the
Spectrum Analyzer as each attenuator pad is selected.

16. The only electrical adjustment provided on ATl board is a series of flags
which may be used to adjust the calibration of each pad. In the 0 dB
attenuation condition the attenuator has an insertionm loss which is dependent
upon the frequency selected. This insertion loss is compensated for by the
ALC system on AC4. The flags are used to adjust the attenuation of each pad
so that the difference between the attenuation of each pad being in or out is
equal to the nominal attenuation of the pad at 1 GHz. To carry out
comprehensive attenuator accuracy checks and realignment requires each pad to
be separately set up using specialized measuring facilities and 1t is
recommended that this be carried out only by the nearest Marconi Instruments
agent or Service Division.

AF oscillator and AF level performance

Test equipment : items d, Digital frequency meter
g, Distortion factor meter
1, AF voltmeter

17. To test the frequency, distortion and output of the AF oscillator proceed
as follows:—

(1) Comnect the frequency meter Lo the AF OUTPUT socket of the instrument
using a BNC type connector. Set the AF level to 1 V r.m.s. (normal
switch-on condition).

Chap. 5 .
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pre—sat modulation frequencies checking that the frequency indicated
corresponds to the one selected 5% and that each l.e.d. indicater on the
instrument is 1lit as appropriate.

(3) Disconnect the frequency meter and connect the distortion factor
meter, The measured distortion should not exceed 0.1% at 1 kHz,

{4) Select AF level on the 2018A to 1 V r.am.s. (default mode) and connect
the AF voltmeter to the AF OUTPUT. Check that the level is accurate to
within +57%, Set the AF level for an output of 3 mV and check that level
accuracy is within %10%.

FM & oM deviation

Test equipment : item h, AM/FM modulation meter
18. To check the deviation accuracy proceed as follows:—
(1) Select CARRIER FREQ 100 MHZ, AF OSC 1 kHz, FM 100 kHz.

(2) Connect the 2305 to the RF OUTPUT socket and tune to the carrier
frequency.

(3) Measure the f.m. deviation and check that it is within *5% of the
selected deviation. Now select ¢.m., 10 radians and measure the
deviation, check that the accuracy is within x35%.

(4) Repeat the test for other deviation frequencies within the range of
the instrument (1% of the carrier frequency in use).

FM tracking

Test equipment : item h, AM/FY modulation meter
19. To check the f.m, tracking proceed as follows:i-
(1) Connect the modulation meter to the RF OUTPUT socket.
(2) Set to FM 100 kHz, AF 0SC 1 kHz, RF LEVEL +1 dBm.
(3) Tune modulation meter to various carrier frequencies between 261 and

520 MHz and check that the output deviation remains at 100 kHz *5%.

External f.m. modulation sensitivity (ALC)

Test equipment : item h, AM/¥FM modulation meter
20. The modulation level should remain reasonably constant for a given change
in external modulation voltage and frequency. Thie sensitivity is checked as

follows:

{1) Connect the test equipment as shown in Fig. 3.

Chap. 5
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(2) Set 2018A to FM EXT, ALC ON, set the AF OUTPUT to give a I kHz, 1V
amplitude output and check that the f.m. deviation is the same as that
for internal modulation,

(3) Vary the AF QUTPUT between 0.8 and 1.2 V and check that the deviation
remainsg constante.

2365
MOQULATION

2018134
SIGNAL GENERATOR

L I

; ¥ : .
Bm [ - Qu CE
s O © [ Fo| ‘

1KHz 4-8-12V

TRE §48T by

Fig. 3 Test gear arrangement for the checking of external modulation
sensitivity

FM distortion

Test equipment : items g, Distortion factor meter
n, AM/FM modulatlon meter

21. To check the f.m. distortion proceed as followsi-

{1) Connect the test equipment as shown in Fig. 5. Select CARRIER FREQ
30 MHz, AF 0SC 1 kHz, FM 200 kHz.

{2) Tune the modulation meter to the instrument and check that the
distortion is not in excegs of 3%.

(3) Repeat the test for other amounts of deviatiou. The distortion over

the total range should not exceed 3% for deviations of up to 707 of the
maximum available at any carrier frequency.

Chép. 5
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Aux f.m. input

Test equipment: item h, AM/FM modulation meter

22. To check the auxiliary f.m. input proceed as follows:-
{1) Select the 2018A to FM, 100 kHz, EXT with no input applied to the MOD
INPUT socket.
(2) Set AF OUTPUT to 1 kHz and the level to l V r.m.s. Apply this
signal to the 20184, AUX FM INPUT socket.
(3) Check using the modulation meter that an output of 10 kHz *107%
deviation is obtained.
(4) Select 2018A to @M and repeat the test. The application of 1V
r.m.5. should result in an f.m. deviation in kHz equal to the phase
deviation in radians shown in the modulation display.

AM depth

Test equipment : item h, AM/FM modulation meter

23.

24,

To check the a.m. depth proceed as follows:-
(1) Select CARRIER FREQ 100 MHz, AM 80%, AF 0SC ! kHz, RF LEVEL +7 dBm,.

(2) Connect the modulation meter r.f. input to the 2018A RF OUTPUT
socket.

{3) Check that the a.m. depth is accurate to within *4% of depth setting
+17%.

(4) Check the a.m. depth at other carrier frequencies up to 400 Miz.

If a modulation meter is not available the a.m. depth can be assessed by

using an oscilloscope to measure the peak and trough values of the modulation
envelope. The a.m. depth is then determined by

¢=Vp""‘vt
AM depth 7% T T Ve x 100

where Vp and Vt are the measured peak-to-peak and trough-to-trough amplitudes
respectively.

Chap. 5
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Fig. 4 Modulation depth measurement

AM distortion

Test equipment : items g, Distortion factor meter
h, AM/FM modulation meter

25, To check the internal a.m. distortion proceed as follows:i=
{1} Connect the test equipment as shown in Fig. 5 below.
(2) Select CARRIER FREQ 100 MHz, AF 0SC 1 kHz, AM 80%, RF LEVEL 7 dBm.

(3) Tune the modulation meter to the 100 MHz signal, checking that the
distortion factor does not exceed an indicated 3% reading.

(4) Repeat the test with CARRIER FREQ set to 400 MHz.

20187194
SIGNAL GENERAYIQR

- | [ ] | ]
Do HHHRE oo

TrR Hcoag

Fig. 5 Test gear arrangement for checking f.m. and a.m. distortion
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VSWR (5 MHz to 1 GHz)

Test equipment : items m, Oscilloscope with dual trace capability
p, Sweep osciilater & RF plug=in unit
q, RHo=bridge with standard loads and calibrated
mismatches

26, The impedance measurement may be carried out over almost all the
frequency range of the instrument. Connect the test equipment as shown in
Fig. 6 below.

TSWEEP OSCILLATOR 67008

Q
smnz,mnawt;;?::mnmn = 0 = ]
L] i % . © CRORHCRC] gug o
Fo O O [rmey ° Qo0 0,209
s 0@ E erm - 2 G O 2 Jsweee RE QUTRUT
@ QE @ ouT
. £ B, S0
0494 =
Q Q
é KTRFGT o s
. o :J ]_

Calibegted

mismatched loads

P
Lod oLt L
5td. 121 151
50

TER $038

Flg. 6 Test gear arrangement to check v.s.w.r.

(1) Set the sweep oscillator to Fi-F2 and sweep from 5 MHz to 520 MHz,
insert standard 50 Q loads into the rho~bridge and set datum point near
the top of the oscilloscope display. Replace one 50 § with a 1.2:1
mismatched load and adjust the d.c. output of the trho-bridge so that the
vertical deflection of the oscilloscope occupies 5 or 6 c.m.s. for the
mismatch change. Bging a chinagraph draw the pattern ou the
oscilloscope graticule.

(2) Remove the mismatched load and connect the 2018A, 20194 to the
rtho-bridge instead. Check that the v.s.w.r. does not exceed 1.2:1 with
the RF LEVEL selected to -4 d4dBm or less,

(3) For 2019A Signal Generators repeat steps (1) and (2) sweeping this
time from 5 MHz to 1 GHz and using the 1.5:1 mismatched load to check

that the v.s.w.r. does not exceed 1,5:1.

Carrier harmonics and spurious signals

Test equipment : item k, Spectrum analyzer

27. To check the level of harmonics of the carrier frequency in a c.w. output
proceed as follows:i-

(1) Comnect the spectrum analyzer to the RF OUTPUT socket and set the

instrument to give a c.w. output at a convenient level below +7 dBm (1 V
e..f.)

Chap. 5
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(2) Tune the imnstrument through its r.f. range and check that the
amplitude of any harmonic is greater than 30 dB down on the fundamental
for carrier frequencies from 80 kHz to 520 MHz, and 20 dB down on carrier
frequencies 520 MHz to 1040 MHz (20194).

Reverse power protection

Test equipment : items e, Multimeter
o, Variable d.c. power supply

28, Set the d.c. power supply to +5 V and apply this to the 2018A RF OUTPUT
5¢ @ socket causing the RPP circuit to trip.

(1) An indication that the REV PWR LIMIT has been exceeded is given in
the RF LEVEL display window, a further indication of trip is given by the
RF LEVEL function keys integral l.e.d. This will continually flash
until the reset is operated,

(2) Remove the +5 V source and check that there is no continuity between
the “N” type connector centre pin and earth (taking care not to damage
the connector pin).

(3) Reset the RPP by pressing the RF LEVEL key and ensure that both trip
indications are turned off. Set the d.c. power supply to =5 V and apply
this again to the RF OUTPUT 50 @ socket checking that the RPP once more
trips. Remove the d.c. source and reset the RPP.

FAULT LOCATION

Introduction

29, The following section consists of fault finding procedures, charts and
tests to aid identifying faults. To assist with fault finding it is
advisable to study the description of the overall instrument contained in
Chap. 4. The functions of the various boards are generally well defined and
independent of each other as far as possible and the parameters of the signals
exchanged between them are not critical. All boards/modules are
interconnected by a variety of comnectors. A useful method of confirming if
board or module is faulty is to substitute the unit with a unit that is known
to be good (e.g. from a spare working instrument). This can save
considerable fault finding time.

30. When disconnecting an r.f. connection between two units ensure that the
metal clad connector cannot accidentally cause short circuits on the printed
boards and create additiomal faults. If any of the ribbon cable connectors
are unplugged ensure that when they are reconnected they are correctly
positioned since the connectors do not incorporate polarizing plugs. Layout
of boards, plugs, sockets and econnectors in the RF boxes are shown on Fig. la
and 1b.

31, 1If any rectification work is carried out in areas containing chip
components certain precautions should be taken. Always use solder containing
2% silver and use a high wattage temperature controlled soldering iron set to
3159¢ (6000F). The temperature controller should preferably directly sense
and control the temperature of the soldering iron bit. The soldering iron
tip should also be earthed in order to aveid potential damage to statice
sensitive devices. The chip resistors used in areas other than the 10 dB
step attenuator have nickel barrier terminations and are virtually immune to
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termination leaching problems. The ceramic chip capacitors used have
palladium silver terminations that can dissolve or weaken in molten solder.
1f there is any possibility that a termination has been weakened during
rectification work the suspect device should be replaced.

32, A useful technigue for checking the soundness of chip capacitor
terminations is to set the carrier frequency as low as applicable to the
relevant c¢irecuit and then GENTLY tap the printed board (not the chip
component) with a blunt non-metallic object (e.g. the handle of a screwdriver)
checking the circuit for any intermittent level changes. Chip components can
be mechanically damaged by rough handling or excessive f{lexing of the printed
boards.

Use of second function 3

33. Second function 3 can be used as a diagnostic aid under certain
clrcumstances. Its use requires that the microprocessor system and the
keyboard i1s working normally. Second function 3 may then be used to send
data to any specified lateh. This will enable the operator to establish that
the correct data is arriving at the input to the latch by using a storage
oscilloscope triggered from the clock input of the latch and observing the
data at the latch input as the latch is clocked. Each latch iz identified on
the circuit diagram by a data valid line and an address e.g. on ACS5 the
address of the D-A converter, IC4, is given as A7LO, The data wvalid line is
7 and the latch address is 00 (2 digits are required LO implies 00, L1 implies
0l ete.). Data can be sent to this latch by pressing the keys "SECOND
FUNCT"™, "3", followed by the data valid line "7" and the latch address "0,
"0", (2 digits). The data valid line will be displayed in the modulation
display and the address is displayed in the r.f. level display. This is
followed by entering a string eight binary digits (1”s and 07s) corresponding
to the data to be sent (D7 first). Pressing the store key will cause the
microprocessor to send the data to the specified latch. If the data that is
being sent needs to be gent again pressing the STORE key again will send the
same data. If the data 1is to be modified this can be accomplished by
entering a new string of data and then pressing the STORE key again.

34, Where data is to be sent to the 10 bit D-A type AD7522 the data has to be
sent in two bytes. The least significant eight digits are sent first to one
latch address (as specified in the control data information), this is stored
in a buffer (inside the D~A chip). A new latch address is then entered
corresponding to the most significant bits, followed by the required binary
data. On pressing the STORE key this data is sent to the D-A and the D-A in
turn 18 set to data specified by the whole 10 bit number. Any data sent via
second function 3 remains in the receiving lateh until one of the orange
function keys is pressed, The microprocessor will then overwrite any data
sent and restore the instrument to normal operation.

Maintenance kit

35. The maintenance kit contains the following items which may be used for
fault finding and serviciang.

(1) RF lead part number 43129-835R. A 20 em long SMC female to SMC male
connector assembly. Intended to be used when the upper r.f. box is
raised for servicing. This lead enables the operator to reconnect the
free end of the semi-rigid cable assembly PLAV to PLAX (which connects

the synthesizer output from the upper r.f. box to the lower r.f. box) to
SKAV in the upper r.f. box.
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(2) R¥ lead part number 43129~834C. A 70 om SMC to BNC lead to enable
the output from SMC connectors to be monitored.

(3) RF lead number 43129-836B. A 70 em SMB to BNC lead to enable the
output from SMB connectors to be monitored.

(4) Connector assembly part number 54129-8333M. A 70 emn ecrimp to BNC
lead to enable the output from a p.c.be. to be monitored where the output
is on .025 in square wrap posts. '

(5) Adapter part number 44828-753H. A 530 to 200 2 adapter which can be
used in conjunction with 43129-833 to monitor a 200 & output from a board

on 023 in square wrap posts. The adapter introduces a 12 dB insertion
loss,

(6) LCD extraction tool, part number 46883-530G.
{7) LCD insertion tool, part number 46883~529S8,

FAULT FINDING TO BOARD LEVEL

36. The following section describes fault finding routines and algorithms
which may be used to help diagnose faults down to board level, The fault
finding routines start from a generalized fault condition and guide the
operator to the most likely area of the fault. The generalized fault
conditions used as a starting point are as follows:

(a) Front panel failure

(b} Output frequency error
{c) Output r.f. level error
(d) Carrier harmonic problem
(e) AM fault

(f) FM or ¢.m. fault

{(g) Residual f.m. problems
(h) RPP failure

Choose the description that most closely describes the fault condition and use
the fault finding guilde to establish the area of the fault, Before using the
fault finding tables read the notes that accompany the tables,

Front panel failure

37. A chart to aid fault finding a front panel failure is given in Table 3.
A front panel failure is defined as a fault in which the keyboard or the
display is not operating correctly. One of the first objectives is to
establish if the display or keyboard is causing the fault or whether the
microprocessor system is not operating. If the microprocessor system is
functioning but has a memory fault an error message will be displayed. This
appears as two aumerals in the centre of the carrier frequency display with
minus signs on either side. Error number 10 is displayed in the event of a
PROM error. Errors 12,13 or 14 indicate a RAM error. Error numbers 18 or
24 indicate an EAROM read or write failure, 06 an EAROM data checksum failure
and 17 an invalid stored data recall. A complete list of all error messages
are given in Chap. 3 of the Operating Manual Vol., 1. In the event of a
microprocessor failure in which the microprocessor cannot run the checksum no
error message will be displayed. In this case testing to see if the
microprocessor board is waiting for a keyboard press should indicate if the
microprocessor program is running.
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Harmonic distortion fault

46, Investigating harmonic distortion faults is usually a straightforward
problem so a fault finding algorithm has not been provided. Until the signal
arrives on AC3/13 its harmonic content has little effect on the performance of
the imnstrument, On AC3/13 the nominal square wave 1s filtered by a bank of
low~pass filters which converts the signal into a sine wave.

47, TFor problems above 32,5 MHz monitor the nominal <6 dBm signal from SKCS
of AC3/13. If the harmonic content is high the fault is on AC3/13. If the
harmonics are -40 dBc or better the fault is on AC4. For problems below
32.5 MHz trace the signal path from the filters on AC3/13 to ACZ and AC4 and
identify where the harmonic problems start. Much of the low frequency
channel operates in a 200 @ transmissilon system s0 care must be taken not to
load the system with less than 500 @ when probing the signal path. The 50 to
200 2 adapter in the maintenance kit can be used to break into the signal
path.

AM fault

48, An a.m, fault finding algorithm iIs given in Table 8. It is assumed that
the output frequency is correct and the r.f. level accuracy and harmonic
distortion is in specification. The fault finding algorithm first
establishes if the fault is inside the lower r.f. box or is on AD2 or AD3/l.

49, VWhen monitoring the output from SKDF AC5 it should be remembered that the
output signal is a square wave and the modulation meter used must be capable
of rejecting the high level of carrier harmonics present. If the modulation
meter is automatically tuned care should be taken to ensure that the
instrument tunes to the fundamental and not a harmonic,
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FM or &M fault

50, An f.m., or ¢.m., fault finding algorithm is given in Table 10, The f.m.
drive system is complicated by the requirement to provide f.m. tracking and
range scaling to account for the division or multiplication by two of the
fundamental octave as well as providing fine control of the deviation. Most
of the algorithm 1s therefore devoted to identifying which part of the control
system is at fault, The ¢.m, and f.m., paths are common with the exception of
a differentiator circult on AD3/1. The control system will be set to the
same conditions as ¢.m. {except the differentiator is in circuit) if f.m. is
set to a deviation given by:

FM = ¢.m, dev. x 10 kHz

e.g. 10 radians of ¢.m. uses the same control settings as 100 kHz f.m. at any
given carrier frequency.

51. Information on the use of second function 8 is given in the calibration
section,. In addition second function 3 can be used to check that the various
digital~-to-analogue converters are working. A digital a.c. voltmeter can be
used to check the iInput and cutput levels of a D=-A converter and hence
establish if the gain of the converter is correct. If the divide~by-two
system dividing the f.m. deviation is at fault it should be remembered that
the division is accomplished using a divide-by-four system on AB2 as well as a
divide~by-two, IC28, on AD3/1,

32. As an aid to diagnosing a fault in the f.m. tracking store Table 9 gives

‘a list of the carrier frequencies used as f.m. tracking points together with
the typical values of f.m. tracking data. Typically instruments will be
within approximately 20% of the listed values,

TABLE 9  TYPICAL FM TRACKING DATA

0sC 1 ' 0sC 2 0sC 3 0SC 4
Frequemncy Data Frequency Data Frequency Data Frequency Date
260.00001 1864 309.00001 157 368.00001 136 437.00001 113
262,45 182 311.95 166 371.45 142 441,15 118
264.9 186 314.9 180 374.9 150 445.3 125
267.35 183 317.85 178 378.35 159 449,45 125
269.8 187 320.8 182 381.8 151 453.6 127
272.25 189 323.75 183 385.25 150 457.75 127
274.7 189 326.7 183 388.7 150 461.9 i27
277.15 139 329.65 182 392,15 145 466.05 123
279.6 189 332.6 174 395.56 142 470.2 123
282.05 187 335.55 169 399.05 142 474,35 117
284.5 182 338.5 171 402.5 134 478.5 117
286.95 183 341.45 167 405,95 131 482.65 112
289.4 1890 344.4 157 409.4 131 486.8 ii3
291.85 178 347.35 139 412.85 125 490,95 110
294,.3 175 350.3 155 4163 125 495.1 107
296.75 173 353.25 150 419.75 123 499,25 107
299.2 175 356.2 151 423.2 121 503.4 106
301.65 175 359.15 150 426.65 121 507.55 106
304,.1 176 362.1 152 430.1 121 511.7 106
306.55 175 365.05 135 433.35 121 515.85 109
309 177 368 154 437 121 | 520.0 108
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59, If applying £5 V to the r.f. output fails to produce a froant panel
response and the RPP relay remains closed check that approximately 0.75 V is
present on C2, ATO/AT1 if +5 V has been applied, or that -0.75 V appears on
C3, ATO/ATL if -5 V is applied. If this voltage 1s not present the fault is
on ATl and if the voltage is present the fault is on AT2.

60, If the front panel does not respond but the RPP relay is open circuit
this will indicate that the control line from AT2 to the keyboard AD4/1 is not
operating the electronic switch on AD4/1 and the fault can be traced from AT2
to AD4/1 via AD2.

61, If the front panel responds as soon as the instrument is switched on and
without reverse power being applied, this indicates that there is a fault in
the detector system on ATO/ATLl or the RPP is not being reset when the
instrument is switched on. The RPP reset line can be traced using second
function 3. It should be noted that 1f AD3/1 is not plugged into its edge
connector, the RPP will not be reset because the attenuator address latch
(A6L10) is decoded on AD3/1.

BOARD LEVEL FAULT FINDING

62, The following section gives guidance on fault finding at board level.
Where appropriate, guidance is gilven on how to fault find on the printed
board; the control data generated by the microprocessor; information on the
waveforms that can be expected at various points on the circuit, and how te
realign the board before recalibrating the instrument.

AAl : LSD loop

63. AAl includes a complete phase locked loop and an additional variable
ratio divider (VRD). Phase locked loop faults can be traced by checking each
element in the system i.e., the oscillator, the VRD and the phase detector.

64, First check that the oscillator is working (not necessarily at the
correct frequency) by monitoring TPl. In a functioning loop, its frequency
will be between 10 and 19.999 Mi=z. A fault elsewhere on the board may result
in the frequency being incorrect in which case the voltage on TP2Z should be
checked to see L1f it is giving the expected varactor voltage for the observed
oscillator frequency. If the frequency on TPl is correct the fault will be
the VRD formed by ICLQ ~ IC17 and fault finding canm be carried out in the same
way as when fault finding on the phase locked loop”s VRD.

65. If the oscillator is functioning correctly but is not at the correct
frequency, check the division ratio of the VRD by measuring its input and
output frequency and calculating the ratio. If the VRD is at fault check
that the data latched by IC8 and ICY9 is correct. If no fault is found check
that each of the counters IC3 to 7 have clock input pulses on pin 2 and that
the QA and QD outputs (pins 14 and 11) have pulses which reduce in frequency
by factors of approximately 10 as the signal progresses down the counter
chain, Failure of a device to produce these pulses would indicate that
either the RESET line is low (fault IC18) the relevant IC is faulty or there
is a fault with the carry out pulse from pin 15 of the previous counter IC.

66, If the VRD is not at fault check the phase detector circuit for faults.
As a further aid to fault finding the mini-~jump linking TP3,4 may be removed

and a variable positive voltage applied to TP4 in order to directly co%%Fol 5
ap .
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the oscillator frequency. If the oscillator frequency (om TPLl) is adjusted
just above the correct frequency, TPZ2 should be pulled down to (.2 V by the
phase detector. If the frequency is pulled too low then TP2 should be driven
to 14.8 V by the phase detector.

67. Control data AAl. To calculate the control data for AAl first calculate
the carrier frequency generated by AB3 using the block diagram. This will
equal the output frequency 1if it is between 260.00001 MHz and 520 MH=z.
Consider the frequency to be ABC.DEFGH Miz. Data sent is then as shown in
Table 11 below.

TABLE 11 CONTROL DATA AAl

Lateh IC Data |
address numbers lines Data
ABLO Ici1 DO~D3 Second m.s.b. of (10000 = ABCD)
Dé"D? maSobo of (.10000 b A.BCD)
ABL1 IC10 DO-D3 l.s.b. of (10000 -~ ABCD)
IC10 D4~-D7 Second l.s.b. of (10000 - ARCDH)
ABL2 ICY DO~D3 Nines complement of F
IC9 D4=DT - Nines complement of E
ABL2 ICY DO-D3 Nines complement of F
IC8 D4=-D7 Nines complement of G
68. Test data 4Al
TPl Qutput from l.s.d. oscillator,. Frequency between 10 and

20 MHz, Waveform amplitude is typically 5 V p~p at 10 MHz
and 4 V p~p at 19.999 MH=z,

TP2 Varactor voltage for l.s.d. oscillator. PC level 2,28 V
at 10 Miz, 10.1 V at 19.999 MHz. :

TP3,4 Mini jump may be removed and a d.c. voltage applied to TP4
to control the l.s.d. oscillator while fault finding,

TP5,6,7,8 Used by Marconi Instruments Autotest only.

ICl6, pin 9  Normally high with a 30 ns pulse to low state with a p.r.f.
of 1 kHz if the l.s.d. is working. An additional very
narrow pulse may be preseat 400 to 800 ns previous to this
pulse = this is not a fault.

IC7, pin 14 Pulse waveform with p.r.f. of 1 kHz. Mark to space ratio
is variable, being low for 100 ns when the l.s.d. is at
10 MHz and approximately a square wave.

ICL, pin Il Pulse waveform 1 kHz p.r.f.

Chap. D
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ICl, pin 5 When phase locked normally high with low 60 ns pulses at a
p.r.f. of 1 kHz. If l.s.d. loop oscillator frequency is
high (not phase locked) it should produce wider pulses to
try to pull the oscillator frequency lower.

ICl, pin 8 When phase lockad normally low with high 50 ns pulses at a
p.r.f. of 1 kHz. If the l.s.d. loop oscillator frequency
is low (not phase locked) it should produce wider pulses to
try to pull the oscillator frequency higher.

AA2/] Microprocessor system

69, The board AA2/1 contains the microprocessor and its peripheral circuits
and .an .interconnection system for distributing control data. All the l.s.i.
circuits are mounted in IC sockets to assist fault finding. At switch-on the
microprocessor carries out a series of tests on its RAM, PROM and stored data
(EAROM). " If an error is found an error message is displaved in the carrier
frequency display. The error messages are indicated in the centre of the
carrier frequency window as a two digit number as shown below. The following

table gives details CARRIER FREQUENLY
of error messages . VAY: :
available. .ﬁl TE AN T ju

TABLE 12 ERROR MESSAGES AA2/1

Error

16 PROM Checksum error - will not run

06 CAL Data checksum -~ will reset

12 RAM IC18 checksum - will not run

13 RAM ICiZ checksum = will not run

14 RAM Both checksums = will not run

01 RPP Tripped ~ "REV PWR" annunciator

16 Illegal store unumber

17 Invalid data recall {checksum on each individual
instrument store)

18 EAROM write failure - failed to store correctly

19 Invalid first character

20 Invalid second character

03 Invalid GPIB character

21 Incomplete character pair

04 Option not fitted

(1) Errors 10, 12, 13, 14 indicate fundamental faults are present in the
instrument and the microprocessor will not operate any further
instructions.

{2) Error 06 indicates that the calibration data stored in the EARCM,
1Cl4, is in error. The instrument will start operating if any froat
panel key is pressed.

Chap, 5
Jun. 84 Page 33

B L I v

Vol. 2




(3) Errors 17,18 indicate that the Store/Recall facility is inoperative.
Error 18 indicates that store is not functioning at all and 17 indicates
that the stored data has been corrupted. The instrument operates
normally with the exception of Store and Recall operations.

(4) Errors 19,20,03,21 are GPIB errors, usually resulting from invalid
GPIB instructions. The error message is displayed on the carrier
frequency window and is cleared by the next GPILB character.

70. The manufacturer of the EAROM store guarantees a retention time of
greater than 10 years for the first 10,000 write/erase cycles so loss of valid
data in the non-volatile store is usually due to hardware faults. Failure to
display an error message does not eliminate RAM or PROM faults if the
microprocessor is unable to run the system. In the event that the instrument
fails to respond at all and no obvious fault can be found {(e.g. ICs running
hot) first check the voltage on IC9 pin 36, if it is a logic low (or below
2.5 V) this normally indicates that the EAROM protection circuit around IC19
has stopped the microprocessor. This will happen if the 5 V supply drops
below the 4.5 V reference on TP15. The EAROM protection circuit can be
tested by monitoring IC9 pin 36. if R8 is adjusted so that TPl5 is more
positive then the 5 V supply pin 36 of ICY9 should be forced low. Return RS
to setting required to generate 4.5 V on TPL5. Toggle the supply on/off
switch rapidly. The microprocessor should restart again after a few seconds.
Monitor TPl6 with an oscilloscope. On switching the instrument off the
voltage on TP16 should fall within a few tens of ms to less than 5 V. If the
microprocessor board is replaced the calibration and stored data may be
transferred from the old to the new board by imserting the old ICl4 into the
new board provided that none of the stored data has been corrupted.

71. ‘Test data AA2/1

I€9 pin 37 Microprocessor clock 3.072 MHz
TP15 +4,5 ¥V d.c. {set by RB)
TP1l6 +21 V d.c.

AA3/2 : Frequency standard

72. Control data AA3/2. The contrél data for AA3/2 is latched on AA2/1 as
shown In Table 13 below.

73. 'Test data AA3/2

ICl; pin 3 3V p~p 10 MHz standard.
IC7, pin 4 Low for INT 8TD.
High for EXT STD.
IC5, pin 7 On EXT STD t.t.l. level 1 MHz signal.
IC5, pin 2 TTL level 1 MHz signal.
Chap. 5
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IC8, pin 1 TTL level 100 kHz signal.

icg8, pin 9 TTL level 1 kHz signal,

IC7, pin 13 For carrier frequencies from 2.03126 MHz logic low.
For carrier frequencies up to 2.03125 MHz t.t.l.
level 10 MHz signal.

®1, €2 junction PC voltage between O and 5 V.

PLBP, pin 4 Nominal sine wave 0.6 V p~p with spurious amplitude

modulation caused by the v.c.x.o. frequency on ABS.

TABLE 13  CONTROL DATA AA3/2

Latch address
and PLBP
data line pin no, Data
ABLS D4 7 Logic high if INT STD.
low if EXT STD.
A6L> D6 10 Logic high if output frequency is
>2,03125 MHz
A6L5S D7 ) Logic high if 10 MHz STD.
low if 1 MHz STD.

ABl : Output v,r.d,.

74, 1f a fault on ABl has been diagnosed first check that the r.f. voltage on
the collector of TR1l is correct. If the fault results in there being no
output from PLBU this normally indicates a catastrophic failure of one of the
components in the divider chain. Use an oscilloscope to check that there is
a clock pulse on TPl. If there is not this indicates a fault in one of the
dividers ICL, IC2 or the buffer stage IC3a, Then use the oscilloscope to
check that the QA and QD outputs of I1C7,8,9 are toggling. If none are
toggling check that TP3 is generally high. If it is not, this indicates a
fault in the subsidiary counter system formed by IC11,12. If TP3 is high and
none of the ICs toggle the fault is likely to be in 1C7, )

75, If the v.r.d. is functioning and the division ratio is controllable
(though the ratio i1s wrong) check that the correct data has been latched om
IC4,5. If the correct division ratio seems to be related to one decade of
the division ratle only, replace the respective counter (IC6 for 100 kHz
decade, IC7 for 1 MHz decade, IC8 for 10 MHz decade and ICY9 for 100 MHz decade
of the fundamental frequency). When the 100 kHz decade (IC6) is suspected it
is possible that a fault exists in the 10 or 11 divider, IC2, or its
associated control circuit.

76, If the v.r.d. produces an output signal but the division ratio Is not
controllable this indicates a fault in one of the devices that reset the
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counter chain. Check that all the inputs to LULZ are toggling and that
periodically there is an output pulse on TP4 which enables the subsidiary
counter IC11,

77. <Control data ABl. ABl uses two latch addresses to receive control data.
These addresses are identical with two addresses on 8Al. As with AAl assume
the output frequency from AB3 is of the form ABC.DEFGH MHz where ABCD is
between 2600 and 5200. The data sent to ABl is then as shown in Table 14
below,

TABLE 14 CONTROL DATA AB1

Address IC No, Pata lines Data
AHLD Ics b4 = D7 MSB of (10000 = ARCD)
DO - D3 Second m.s.b. of (10000 - ABCD)
ABL1 IC4 : D4 - D7 Third m.s.b. of (10000 - ABCD)
LSB of (10000 -~ ABCD)

78. Test data AB1

TR1 collector 0 dfm signal at fundamental frequency.

TP1 TTL level signal. Frequency approx. 13 to 26 MHz
according to fundamental frequency set.

P2 TTL level. Normally high with z low pulse of between
"0 ns (non—existent) and 750 ns according to the
fundamental frequency set and the setting of the l.s.d.
(100 kHz decade of fundamental freq,) of v.r.d. setting.

TP3 TTL level. Normally high with low pulse of 75 ns to

150 ms duration according to fundamental frequency
setting.
P4 TTL level. Normally low with two high pulses close

together. The first and only significant pulse is
between 40 ns and 80 ns wide according to the
fundamental frequency. Frequency isg approximately

50 kHz.

TP3 For Marconi Instruments Autotest use,.

1C9,pin 12 TTL level. Output from v.r.d. Frequency approx.
50 kHz,.

AB2 - Divide—by-two chain and f.m. drive

79. The r.f. divide-by two system on AB2 is generally straightforward. A
fault will normally result in a failure to frequency divide the signal over
one or more octaves and either produce the wrong output frequency or no output
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latched by I1C8 is correct and check the input and output circuits of the
divide~by-two that normally generates the required octave of frequency. The
relevant dividers are listed below 3

Qutput frequency Qutput
- range IC No.
260-520 MHz -
130-260 MHz 1
65~130 MHz 2
32.5-65 Miz 3
16.25-32.5 MHz 4
8.125-16.25 MHz 4
4,0625-8.,125 MHz 5
2.03125-4.0625 Miz 5

If all frequencies below 130 MHz are affected, check that IC6 is not faulty.

80. Control data AB2Z2. Two sets of control data are required for AB2. The
data sent to the octal lateh ICB control the circuits that divide the ocutput
from ABZ2 by factors of two as shown in Table 15 below.

TABLE 15 DIVIDE~BY~TWO CONTROL DATA AB2

Output frequency ' Data sent to latch A6L4 IC8 of ABRZ
of instrument D7 D6 D5 D4 D3 D2 DL DO
(MHz) '
1040 - 520.00002 1 1 0 o - 0 1 1 1
520 - 260.00001 1 1 0 0 0 1 1 1
260 - 130.00001 1 0 1 0 0 1 1 1
130 - 65.00001 1 0 0 1 0 1 1 1
65 ~ 32.50001 1 0 0 0 0 0 1 1
32.5 =~ 16.25001 1 0 0 0 0 1 0 0
16.25 - 8.12501 1 0 0 0 1 1 0 0
8.125.~ 4.06251 1 0 0 0 1 i 0 1
4.0625 ~ 2.03126 1 0 0 0 1 1 1 1
0.08 =~ 2.03125 1 0 0 0 1 1 0 0
: Chap. 5
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81. The second set of control data 1s required to provide range data for the
f.m, drive circuits, From the f.m. deviation the instrument is set to first
calculate the f.m. deviation required from AB3. This calculated deviation
has to take into account the fact that 1f AB2 has to be set to divide the
frequency from AB3 then it will also divide the f.m. deviation. The
frequency multiplier in 2019A that generates the 520 to 1040 MHz band doubles
the f.m. deviation and the b.f.o. band of 0.08 - 2.03125 MHz is generated from
16 to 12 MHz. From this deviation, called the fundamental deviation, the
control data required is as shown in Table 16 below. '

TABLE 16 RANGE CONTIROL DATA AB2

Fundamental deviation Data sent to A6L6 ICY of AB2
(kHz ) Y D6 D5 D4 D3 D2 D1 Do
1280 - 5200 * * * * * 1 1 1
320 ~ 1280 * * * * * 0 1 1
80 = 320 * * * * * 0 0 1
0 - 80 * * * * * 0 0 0

Note * indicates a "don“t care' state.

82, Test data AB2

TR1 collector Approximately O dBm at fundamental frequency.

TR2 emitter For output freq. >260 MHz signal level =14 d4dBm.
For output freq. <260 MHz signal level 0 dBm with
some sub-harmonics present.

ICi, pin 7 For output freq, >130 MHz signal level less than
=20 dBm.
For output freq. <130 MHz signal level 0 dBm
covering octave 130 MHz to 260 MHz. Some sub-
harmonics present.

TRE base For output freq., <130 MHz signals are at =15 dBm.
For output freq. 130 to 260 MHz signal -5 4Bm.
For ocutput freq. >260 MHz only low level signals.

PLCJ, pin 2 With carrier frequency 3520 MHz, f.m. deviation
5.2 MHz at 1 kiz rate., Audio signal typically 8 V
P=P.

As above at 2.6 MHz deviation audio signal 4 V p-p.
As above at 1.2 MHz deviation audio signal 7.7 V p=-p.
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AB3 : RF oscillators

83, PFaults on AB3 which result in one or more of the oscillators not
operating can generally be found by first identifying which oscillator is at
fault and then checking the d.c. bias conditions of the active and off
oscillators., If the active device is not at fault it will be necessary to-
check or replace each element of the tunmed circuit.

84, Residual f.m. problems are generally more difficult to find. There are
many possible causes but the most likely ones are nolsy varactors, noisy
transistors or intermittent capacitors. The decoupling capacitors
€9,C10,C25,C26 can cause residual f.m. problems even when the oscillator to
which they are connected is not on. This is because they cause an additional
coupling diode, D3,D4,D10 or D1l to be partially turned on.

85, Microphony can be caused if the Inductors L1,L2,L5,L6,L7,L8,L11,L12 are
not securely varnished to the printed circuit board.

B6. Test data AB3

SKDL (Output from pin 1). Qutput level varies from
approximately =3 dBm according to fundamental
frequency selected. Frequency 1is that of the
fundamental octave.

CiL12 ) (Input from pin 1). Between 3 V and 15 V
according to the frequency selected.

TR6 base Approximately 6 dBm varying with fundamental octave
frequency.

TR11 collector Approximately -3 dBm. May have significant levels

of harmonics present.

87, The following data applies with a carrier frequency of 520 MHz set:

TR2 collector 11.5 V d.c.
TR4 collector 11.5 vV d.c,
TR7 collector 11.5 V d.c.
TR9 collector 8.5 V d.c,

88. Realignment data AB3, Each of the 4 oscillators incorperates a sliding
link on its tuning inductor which may be used to set up the oscillator.
Duriang adjustment the heat of the soldering iron used to move the link will
cause some reaction from the oscillator frequency. Excessive heating should
be avoided in order to avoid long settling times.

(1) On oscillator 1, adjust the sliding link such that at an output
frequency of 260.00001 MHz, the voltage on tag 2, is nominally 3.6 V
without the lid of the oscillator on.
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(2) On oscillator 2, adjust the sliding link such that at an output
frequency of 309.00001 MHz, the voltage on tag 2, is nominally 3.3 V
without the lid of the oscillator on.

(3) On oscillator 3, adjust the sliding link such that at an output
frequency of 368.00001 MHz, the voltage on tag 2, is nominally 3.3 V
without the lid of the oscillator on.

(4} On osecillator 4, adjust the sliding link such that an an ocutput

frequency of 437.,00001 MHz, the voltage on tag 2, is nominally 3.3 V
without the lid of the oscillator on.

AB4 : Cutput phase detector

89. Digital faults on AB4 are generally easy to find using the test data
provided. If necessary the mini-=jump linking TP6,7 can be removed and a
voltage applied to TP7 to control the oscillators on AB3, but most faults can
be found without using this method. Faults in the digital part of the phase
comparator are also relatively easy to find.

90. If the fault is in the analogue part of the phase detector first check
all the d.c. voltages given in the test data. If the fault has not been
located, remove the mini=jump and connect 0 V to TP7. IC5, pin 8 should
produce pulses which will pull TP7 to 18 V. Check that this happens, If ic
does not, the fault is in the current pulse generator (TR12 to TR23) part of
the phase detector., Repeat the test while applying 15 V to TP7. IC5, pin 6
should generate pulses which pull TP6 down to =8 V.

91, Dbiagnosing which transistor in the current pulse generator is at fault
can be time consuming and as a result, it is often gquicker to replace all the
trangistors.

92, 1If the phase locked loop sets the output frequency to approximately the
correct value but the frequency is unstable, check that the p.l.l. filter
control lines are working. If the fault cannot be found, replace the
components in the loop filter. If TR6 develops a drain to source short
circult it may result in TR25 developing excessive input leakage current
{because of impact ionization) and cause excessive phase detector breakthrough
on the output carrier signal.

93. Control data AB4. The control data for AB4 is latched on the
nicroprocessor board AA2/1. The latch address is A6LS. It should be noted
that the latch address A6L5 also controls the frequency standard on AA3/2.
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PLBY
Pin NO_.
3

12

11

5

Line Data

LDO High for fundamental frequencies of 260.00001
to 309 Mz .

LDl High for fundamental frequencies of 309.00001
to 368 MHz.

LD2 ~ High for fundamental frequencies of 368.00001
to 437 MHz.

1D3 High for fundamental frequencies of 437.00001
to 520 MHz.

LD5 High 1f f.m. is not on,

Lf data to latch A6L5 is being sent under second function control ensure that
the data sent onm D4 and D6 is also correct {see AA3/2).

94.

Jun.

Test data AB4

ICl, pin 8

IC4, pin 8

IC4, pin 6

IC5, pin 9

TR1IO collector

TR9 collector

TP1

TP2

TP3

84

TTL signal. Approx. 50 kHz square wave.

TTL signal. FM OFF Approx. 50 kHz square wave,

FM ON Approx. 10 kHz signal.
TTL signal. If output loop is locked then with f.m.
off p.r.f. is approxz. 30 kHz, and with the f.m. on it
is 10 kHz,

TTL signal. Normally high with a 50 ns low pulse at
per.f. of approx. 50 kHz (FM OFF) or 10 kHz (FM ON).
If the loop is out of loek and the oscillator (AB3)
frequency is low, wider pulses should be produced to
increase the o¢scillator frequency.

With FM ON : O V.
FM OFF : -11.2 V.

With FM OFF : O V.
FM ON : =11.2 V,

BC level approx. 17.5 V. When locked and the f.m. is
off it has a 1 V positive pulse 50 ns wide. With the
f.m, on the pulse should disappear.

DC level approx. =8 V. When locked and the f.m. is
off it has a 0.7 V negative pulse 50 ns wide,
No pulse when f.m. is on.

DC level approx. 17.5 V, When locked it has a 1 ¥V
positive pulse 30 ns wide with a p.r.f. of 50 kHz
with the f.m. off and 10 kHz with the f.m. on.
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TP4 DC level approx. =8 V. When locked it has a 0.7 V
negative pulse 50 ns wide with a p.r.f. of 530 kHz with
the £f.m. off and 10 kHz with the f.m., on,

TP6,7 Mini-jump may be removed to control the oscillaters on

AB3 directly by applying a variable d.c. voltage to
TP7.

AB5 : Voltage controlled crystal oscillator (v.c.x.0.) loop

95. AB5 contains the complete v.c.x.,0. phase locked loop. There is a
potential latch up condition which can occur only under fault conditions,
whereby the phase locked loop can lock to a frequency less than 10 MHz. To
avoid any possible confusion it is often easier to fault find with the
mini~jump linking TP2,3 removed and the v.c.x.o0. frequency controlled by a
voltage applied to TP3. With link fitted and a carrier frequency of 520 MHz
selected, the voltage at TP4 should be <2.3 V and >1.4 V, if not select L2 to
obtain this.

96. An unusual fault can be caused if the capacitor C19 is open circuilt,
The spurious pick-up on pin 7, IC5, can cause multiple transitions on the
output of ICha and result in erratic failure to lock. This fault can be
diagnosed by checking the output from IC6a for spurious edges on pulse
transitions,

7. Test data ABS

TRl collector Distorted 3 V p~p signal. When phase locked frequency is
between approx. 10,002 and 10.008 MHz (v.c.X.0. freq.}.

TP1 | TTL signal. VCX0 frequency.
TRE collector Distorted signal at v.c.x.o. frequency 1 V p-p.

IC2, pin 1 10 MHz sine wave 0.6 V p~p. Some spurious a.m. from the
VeCoX.0. frequency.

IC2, pin 6 DC level 9 V. Audio signal approximately 1,5 V p=-p.
: Frequency {when locked) of approx. 2 to 8 kHz.
IC5, pin 3 Audic signal about ground. Approx. 1.5 V p-p.
IC5, pin 7 Square wave signal 3 V pw=p. TTL compatible, freq.

approx. 2 to 8 kHz.

IC4, pin 3 TTL signal. Freg. of 2 to 8 kHz.

IC4, pin 11 TTL signal, Freq. 2 to 8 kHz if v.c.X.0. is locked.

IC4, pin 8 TTL signal., Normally low with a 60 ns positive pulse.
If the v.c.x.0. frequency is too low it produces wider
pulses to pull the v.c.x,.,0. frequency lower.

IC4, pin 3 TTL signal. Normally high with a negative 60 ns pulse.
If the v.c.x.0. frequency is too high it produces wider

pulses to pull the v.c.x.o0. frequency higher.
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TP4 With carrier frequency set to 520 MHz (V.C.X.0. appProx.
10.002 MHz) d.c. level 3.6 V.
With carrier frequency set to 260.09999 MHz (v.Cc.X.0.
approx. 10,008 MHz) d.c. level 10 V,

TP2,3 Mini-jump may be removed and an external d.c. voltage
applied to TP3 to control the v.c.x.0. frequency.

ACZ : Beat frequency oscillator (BF0O) system

98. Test data AC2Z, The following data applies at a carrier output frequency
of 2 MHz.

PLCY, pin 2 10 MHz square wave 0.6 V p=-p

TR1 collector 10 MHz square wave (.6 V p-p

PLCV, pin 1 12 MHz sine wave 90 mV p-p

TR2 collector Very distorted signal approx. 80 mV p-p
L4,L5 junction =20 dBm 2 MHz signal and 2 V d.c.

PLCW, pin 3 4 V d.c,

PLCW, pin 1 =20 dBm at 2 MH=z

99, The following data applies at an output frequency of 10 MHz

PLCU, pin 2 oV

L4,5 junction No signal

PLCW, pin 3 +0.05 V d.c. RF signal level =15 dBm
PLCW, pin 1 RF signal «l15 dBm.

AC3/13 : Filter and frequency doubler

100, Faults in the filter sections of AC3 or ACL3 will usually result in the
signal faults occurring over specific half octaves of frequency cover. The
half octaves involved will usually give some idea of where the fault is. If
the error occurs only at frequencies greater than 32,5 MHz, check the d.c.
voltages at the output of IC4 against the test data. Thesgse d.c. voltages
control the diodes that switch the filters. Faults in the frequency doubler
section of ACLI3 (2019A only) can be difficult to trace because of the high
frequencies involved. The recommended procedure is to first establish that
the active stages are working (TR4, TR5, TRe). Check that the filter control
outputs from IC7 are correct. If the fault is diagnosed as being in the
filter circuits 1t may be necessary to replace the components one at a time,
in order to find the fault,
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10l. Control data AC3/13

TABLE 17 IC2 CONTROL DATA AC3/13

Output frequency Data sent to A7L4 IC2 of AC3/13

(MHz) D7 D6 D5 b4 D3 D2 b1 DO
520.00002 1040 i 1 1 1 1 1 1 1
260.00001 - 520 0 1 1 1 1 1 1 1
130.006001 - 260 1 0 1 1 1 1 1 i

65.00001 130 1 1 0 1 1 1 1 1
32.50001 = 65 1 1 1 0 1 4 1 1
16.25001 - 32.5 1 1 1 1 0 1 1 1
8.12501 16.25 1 1 1 1 1 0 1 1
4.,06251 8.125 1 1 1 I 1 1 0 i
2.03126 = 4.0625 1 1 1 ! 1 1 1 0
0.08 2,03125 I 1 1 1 1 o 1 r
Data line Data sent to A7L5 IC3 of AC3/13

D4 High for frequencies less than or equal to 520 MHz
(2019A only).

D3 High for frequencies of 2.03126 to 1040 MHz.

D2 High for frequencies of 16.25001 to 23 MHz and for
frequencies of 260.00001 to 368 MHz, and for frequencies
of 32.50001 to 130 MHz, (Program versions 012 and
later).

Dl High for frequencies of 260.00001 to 1040 MHz, 16.25001
to 32.5 MHz and fundamental frequencies of 368.00001 to
520 MHz.,

bo High for frequencies of (.08 MHz to 32.5 Miz.

Note: Fundamental frequency is defined as the output frequency from AB3.
Chap. 5
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TABLE 18 ICé CONTROL DATA AC13

Qutput frequency Data sent to AJL&6 1C6 of AC13
(MHz) D7 D6 D5 D4 D3 D2 D1 Do
520,.00002 - 660 * * * * 1 0 1 0
660.00002 - 820 * % * * 1 0 0 1
820.00002 - 1040 * ko k% 1 i 1

Note: * indicates a "don”t.care" condition.

102. Test data AC3/13. The following data applies to conditions where the
output frequency has been set to be >32.5 MH=z. Measurements have been taken
with a carrier frequency of 100 MHz unless otherwise stated. RF levels
guoted are with the output level set to 7 dBm unless otherwlse noted.

TR1 base RF level ~15 dBm, nominal square wave
IR2 collector RF level =2 dBm
D24 cathode RF level -4 dBm
SKCs RF level ~5 dBm

103. Table 19 gives a list of the expected output voltages on the open
collector outputs of IC4,

TABLE 19 DC VOLTAGES ON IC4 OUTPUTS AC3/13

Carrier IC4 pin numbers
frequency 2 4 12 10 8
1040 MH=z 15 15 15 15 0.13
520 MHz 0.15 4.81 6.87 9.16 11.67
260 MHz 15 0.15 5.18 7.76 10.79
130 MHz 15 15 0.15 5.97 2.53
65 MHz 15 15 15 0.15 7.77

104. The following data applies to conditions where the output frequency has
been set to <32.3 MHz,. Measurements generally refer to a carrier of 10 MHz
unless otherwise stated.

TR3 collector RF level =14 dBm

PLCT RF level =15 dBm
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C10 Carrier 530 MHz ~5 dBm, sub~harmonic =24 dB
Carrier 1040 MHz -3 dBm, sub-harmonic =10 dB

TRS5 collector Carrier 530 MHz 3 dBm, sub~harmonic -~27 dB
Carrier 1040 MHz O dBm, sub~harmonic =7 dB

TR base Carrier 530 MHz -8 dBm, sub-harmonic =40 dB
Carrier 1040 MHz ~9 dBm, sub-harmonic =33 dB

106. Realignment procedure. Connect an r.f. signal source to PLDF, level
-11 dBm.

LF Channel:

Monitor output from PLCT (providing a 200 Q load impedance). Select each of
the low-pass filters in turn by keying—in the SET FREQ on the 2018A/1%A
keyboard, and check the PASS BAND ripple and relative attenuation at the
2*f (min) FREQ. :

Nominal output levels; 40 mV (r.m.s. p.d.) into 200 & *

PASS BAND ripple: not greater than 4 4B

2%f (min) level: better than =18 dBe for 32.5 - 4.0625 Mz,
better than -5 dBc for 4.0625 - 2,03126 MHz.

TABLE 20 LF LOW~PASS FILTER ALIGNMENT (1 -~ 32 MHz) AC3

SET FREQ PASS BAND 2*%f (min) FREQ
MHz _ MHz _ MHz
32 23 -~ 32.5 46
23 16,25 = 23 32.5 |
16 11.5 = 16.25 23
11 8,125 = 11.5 16.25
8 5.75 =~ 8.125 11.5
5 4.0625 - 5.75 8.125
4 2.875 = 4,0625 5.75
2.8 2.03126 - 2.875 4.0625
Monitor the output from PLCR pin I (200 Q load impedance) to check
the output to the b.f.o. board. Same conditions as above,
2 11.5 -~ 12,03125 MH=z 23
1 10,08 = 11,5 20

*NOTE: 1If 200 @ load is made up by including a 150 Q resistor in series with
the 50 @ input of the measuring instrument a 12 dB insertion loss will
be introduced. This will result in a level of 10 mV across 50 Q, or
~27 dBmw
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HF Channel:

107.

Monitor output from SKCS (load impedance 50 Q). Tests similar to those

for the LF Channel are performed, but the HF Channel filters need to be
individually adjusted to meet the following conditions:

Jun.

Nominal output level: -6 dBm
PASS BAND ripple: not greater than 4 dB
2%f (min) level: better than =20 dBc,

(1) To trim the 520 and 368 MHz low~pass filters, unsolder sliders on
printed coils and re-position as required. (There is no need to switch
off the power supplies.) Moving the sliders towards the filter
capacitors will reduce the inductance and so raise band edge frequency.
Providing the PASS BAND ripple and 2%f (min) level are correct the actual
band edge frequency is unimportant.

(2) To trim the "turret" low-pass filters, start with the ferrite slugs
flush with the turret tops. Wind the slug in the lower numbered -coil
downwards until the filter band edge drops by 1 dB; then uanwind 1 full
turn. Repeat this operation for the second coil. Finally check the
conditions above and make further minor adjustments as necessary.

TABLE 21 HF LOW~PASS FILTER ALIGNMENT (46 -~ 520 MHz) AC13

SET FREQ PASS BAND 2*%f {(min) FREQ
MHz MHz MH=z
520 - - 260 - 520 736 #%
368 260 - 368 520
260 184 - 260 368
184 130 - 184 260
130 92 = 130 184
92 65 - 92 130
65 46 - 65 92
46 32.5 -~ 46 65

%% NOTE: 520 MHz low—pass filter is checked down to 260 MHz (rather than
368 MHz) to ensure correct operation of frequency doubler (20194
only).
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108. Frequency doubler. Monitor the output from SKCS. _Select the three SET
FREQ points in turn and check the level of *'doubled" signal, its sub-harmonics
and harmonics (up to about 1.2 GHz) across the appropriate INPUT FREQ range.
The following conditions should be met for the "doubled" signal:

Nominal output level: -6 dBm (:£3 dB)
Level of sub-harmonics/harmonics: Better than —=35 dRe.

TABLE 22 FREQUENCY DOUBLER AC13

SET FREQ INPUT FREQ RANGE OUTPUT FREQ RANGE
MHz Miz MHz
660 260 = 330 520 - 660
820 330 = 410 660 - 820
1040 410 -~ 520 820 - 1040

AC4 : Output amplifier - A

109, If, for any veason, it is necessary to remove the board AC4 from the
instrument take care not to damage the integral Beryllium Oxide washer in
TR10. The device is robust but it should be protected from accidental
damage. If it is necessary to remove the heatsink from the stud, ensure that
the nut is not overtightened. A tightening torque of 0,8 Nm is recommended

by the manufacturer. See Notes and Cautions re the disposal of defective
devices.

110, Control data AC4

Address IC No. Data lines Data sent

ATL] 4 DO=D7 Insertion loss control data, Binary
number of between 0 and 255 provides fine
control level, 255 gives minimum level and
0 gives maximum level. Data to be sent is
calculated by the microprocessor from the
data entered to compensate for insertion
loss.

A7L2 6 b0-D7 The 8 l.s.b”s of a 10 bit number used to
control the r.f. output level from AC4,
The 10 bit number 1s a number between 0 and
1000 which can control the output level
with a 1 mV p.d. resolution. The number
ICé 1s set to is not updated until the
me.S.b. i$ sent om A7L3,

A7L3 6 DO-D1 The m.8.b”s of the number sent to ATL2.
2 D6 High for frequencies of 32.50001 to
1040 MHz .
2 D7 High for frequencies of 32.5 MHz or less.
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I111. Test data AC4. All test data results are with the a.m. off unless
otherwise stated.

1C3, pin 1 +2 V d.c. If 99% a.m. is set an audio signal should
be present whose negative peaks almost reach 0 V.

IC3, pin 7 DC voltage typically =-1.5 V at 10 MHz, -1.2 V at
: 520 MHz, -~0.66 V at 1040 MHz.
DC level at intermediliate carrier frequenCLes is
linearly interpolated between these voltages,

IC3, pin 8 DC voltage typically -2.9 V at 10 MHz, 13.4 V at
520 MHZ, —441 V at }.040 bﬂ'IZt

IC3, pin 14 DC voltage at 520 MHz carrier typiecally 1.69 V at
7 dBm, 3.37 V at 13 dBm, 0,546 V at -2.9 dBm.

IC1, pin 8 DC voltage at 520 MHz carrier typically 1.6! V at
7 dBm, 3.28 V at 13 dBm, 0.471 V at =~2.9 dBm,

IC2, pin 9 Logic high for carriers >32.5 MHz.

IC2, pin 5 Logic high for carriers <32.5 MiHz.

TPZ ALC voltage., Will be between 0 V and -8 V if the

a.l.c. system is operating.

ACS_: Amplitude modulator

112, 1If, during the course of fault finding on AC5, it is necessary to remove
or replace ‘X2 ensure that when it is replaced the metal case ig soldered to
the printed board in the same way as orlginally manufactured. Failure to do
g0 will result in poor a.m. performance.

113. Control data ACS

Latch Bata
Address IC No. Lines Data sent
A7LO 4 DO--D6 7 bit binary number between (O and 99 corres=—
ponding to the modulation depth set in %,
2 D7 Single bit instruction that is set high for
r.f. levels of 7.1 dBu or greater, In this
mode the a.m. is set off and the mod. depth
is set to O%.
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114, Test data ACS

IC4, pin 4 With a.m. on typically 6.5 V p-p audio,

IC3, pin & With a.m. set to 997% audio signal 5 V p=-p
decreasing linearly with redueing a.m. depth.

TR3 collector ~(},2 V for r.f. levels <7 dBm,
-15 V for r.f. levels >7 dBm.

Xi, pin 1 RF signal =6 dBm square wave.,

X2, pin 5 RF signal O dBm square wave.

X2, pin 1 RF signal =18 dBm square wave,

TR1 collector RF signal -12 dBm square wave.

AD1l : Display

115, The l.c.d. units are driven by square waves which are either in phase or
out of phase in order to avoid generating any d.c. component across the
display-. In order to fault find on parts of the circuit where the drive
wave-~form has been converted to a square wave use a dual channel oseilloscope.
Connect one input to the backplane drive on pin 1 or pin 80 of the carrier
frequency display Xl. Connect the second input to the point being tested and
then observe the second input square wave is in phase or out of phase with the
backplane drive. An in phase signal will result in a clear segment and an
out of phase signal will result in a dark segment. The maintenance kit
contains information on the use of the l.c.d. insertion and extraction tools.

116. Control data ADI11

TABLE 23 CONTROL DATA ADLi

Data )
Address Lines IC No. Data sent
A5LO D4=-D7 4 Frequency display m.s.d.
DO-D3 5 Frequency display second m.S.d,.
A5L1 D4~=D7 ) Frequency display third m.s.d.
DG-D3 7 Frequency display fourth m.s.d.
A5L2 D4=-D7 8 Frequency display fifth m.s.d.
BO-D3 9 Frequency display sixth m.s.d.
ASL3 DD7 10 Frequency display seventh m.s.d.
DO-D3 i1 Frequency display l.s.d.
ASL4 DO-D3 21 Modulation display m.s.d.
A3L5 D4=D7 22 Modulation display second m.s.d.
DO~D3 23 Modulation display l.s.d.
continued ...
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TABLE 23  CONTROL DATA AD1l (continued)
Data

Address Lines IC No. Data sent

A5L6 b4 27 Level display m.s.d.

B0-D3 29 Level display second m.s.d.

ABLT7 D4=D7 30 Level display third m.s.d.

DO=-D3 31 Level display l.s.d.

ASL8 bO-D2 14 & 18 Frequency display decimal point. Lines
decoded as 1 out of 8. An output of 0
gives a decimal point to the right of the
m.S.d. and this moves to the right with -
increasing decoded output. An output of
7 gives no decimal point,

D3-D4 26 Modulation display decimal point. Lines
decoded as 1 out of 4. An output of O
gives a decimal point to the right of the
m.S.d. and this moves to the right with
increasing decoded output. An output of
7 gives no decimal point.
P5=D6 27 Level display decimal point. Lines
decoded as 1 out of 4, An output of 0O
gives a decimal point te the right of the
m.S.d. and this moves to the right with
increasing decoded output. An output of
3 gives no decimal points.
ASL9 Do 3 Frequency display REMOTE annunciator.
D1 3 Frequency display ADDR annunciator.
D2 3 Frequency display LIMIT,.
D3 3 Frequency display MHz.
D4 12 Frequency display kHz.
D5 12 Frequency display Hz.
Dé 12 Frequency display EXT STD.
DY 12 Modulation display OFF.
ASL10 DO 20 Modulation display EXT.
Di 20 Modulation display LIMIT.
D2 20 Modulation display AM.
D3 20 Modulation display FM.
D4 24 Modulation display Z.
D5 24 Modulation display MHz.
Deé 24 Modulation display kHz.
D7 24 Modulation display Hz,
A5L11 DO 28 Level display OFF.
D1 28 Level display REV PWR.
D2 28 Lavel display LIMIT.
D3 28 Level display - (minus sign).
continued ...
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TABLE 43 CUNTKOL BALA ADLL  (continued)

Data
Address Lines IC No. Data sent
D4 32 Level display + (vertical bar of + sign),
b5 32 Level display dBm.
D6 32 Level display dB.
D7 32 Level display V.
A5L12 Do 33 Level display av.
D1 33 level display uV.
D2 33 Level display e.m.f,
D3 33 Level display p.d.
A5L12 D4 34 Modulation display oM
D5 34 Modulation display RAD

AD2 : Motherboard

117. Control data AD2. The data to control the 10 dB step attenuator and the
RPP is latched on AD2 by ICl address A6L1Q. The 10 dB step attenuator
control data is as in Table 24 below.

TABLE 24 10 dB STEP ATTENUATOR CONTROL DATA AD2

Required attenuation B Data sent
dB D5 D4 D3 D2 133 D0
0 1 1 1 1 1 1
10 1 i 1 1 0 1
20 1 i 1 0 1 1
30 1 1 1 Q 0 1
40 0 1 1 1 g 1
50 0 1 1 0 H 1
60 0 1 1 0 0 i
70 0 1 0 1 0 1
80 0 1 0 0 1 1
30 0 1 0 0 0 1
100 0 o 0 0 1 1
110 0 0 0 0 1 1
120 0 0 0 0 0 1
%222 53 Jun. 84
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1f the RPP is tripped it can reset by sending a logic 0 on A6L10C DO followed
by a logic 1 on the same address. Sending a logic O on A6LLIO DO will cause
the RPP reed relay to go open circult,

AD3/1 : AF oscillator and f.m. control

118, Control data AD3/1. The latch A6LIS5 controls the AF oscillator and
partly the type of modulation being used. The data sent to A6LI5 is as
follows:

TABLE 25 AF 0SC CONTROL DATA AD3/1

AF 08C FREQ Data on DO-D4 IC5
Hz D4 D3 D2 Dl Do
300 0 0 0 0
400 0 0 0 1
500 0 0 1 0
1000 0 0 1 1
3000 _ 1 1 0 0
6000 1 0 1 0 0

D5 High if f.m. is on
b6  High if INT MOD
b7 High if a.m. is on

119. The latches A6Ll4, A6L1Z and A6L13 contreol the f.m, deviation. The data
sent i1s calculated by first determining the deviation required of the
oscillators on AB3 after allowing for divisionm by AB2 and frequency
translation by the b.f.o. band. This deviation 1s referred to as the
fundamental deviation., The data sent to A6Ll4 is given in Table 26 below.

120, The multiplier shown in the right-hand column above is used to derive the
data sent to A6L12 and A6LI3. If the multiplier is multiplied by the
fundamental deviation in kHz the resulting number is between 0 and 1023 and
can be expressed as a 10 bit binary number. This number is sent as 2 bytes.
The eight least significant digits are sent to A6LI2Z followed by the two most
significant digits to A6LI3 on DO and Dl. The setting of the 10 bit D-A
reviewing this data, IC26 is only updated when the most significant bit is
sent, Some of the other data lines on ASLL3 are latched by ICI6 as shown
below. The data sent to A6L1l is an 8-bit number, usually between binary 80
and 200, which is calculated from information stored inm the EAROM store. It
is instrument dependent and therefore has no unique values. Further control
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of the modulation is provided by the data latched by IClé on address A6L13 as
follows:

Do Used to control IC26
}
Di
D2 High if ¢.m. iz om
Low 1if ¢.m. is off
D4 3 Used to control AF level
D5 (see Table 27 below)
D6 High if mod. a.l.c, is on

TABLE 26 FM DEVIATION CONTRQL DATA AD3/1

Fundamental deviation Data sent to A6Ll4 IC28 of AD3/1
kHz b7 D6 D5 D4 D3 D2 DI Do Multiplier

5120 - 5200 1 1 i i 1 1 1 1 0.1
5120 - 2560 1 0 0 0 0 0 0 0 0.2
2560 - 1280 0 1 0 0 0 0 0 0 0.4
1280 - 640 1 0 0 it 0 0 0 g 0.8
640 - 320 0 1 0 0 0 0 0 0 1.6
320 - 160 1 0 0 0 0 0 0 0 3.2
160 - 80 0 1 0 0 Q 0 0 0 6.4
80 -~ 40 1 0 0 0 0 0 o g 12.8
40 - 20 0 1 0 0 0 0 0 0 25.6

S 20 - 10 | 0 0 1 0 0 0 0 0 51.2
0 - 10 0 0 0 1 0 0 0 0 102.4

121. The A¥ level is controlled by an eight bit D~A which provides a scale, an
eight bit D-A which provides range selection, and a c.m.0.5. multiplexer which
provides further range scaling. The required data 1is given in Table 27
below,
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TABLE 27 AF LEVEL CONTROL DATA

A6L8 A6LL3
AF LEVEL D7 D6 D5 D4 D3 D2 DI DO D5 D& MULTIPLIER
2.56 to 5V o1 o1 1 01 1 1 1 1 1 .05
1.28V to 2,55V |1 © 0 0 0 0 0 0 1 1 0.1
64Y to 1,27V O 1 0 O O 0 0 0 1 1 0.2
32V to 639V |1 0 0 ©0 0 0 0 O 1 0 0.4
6 to W39V]|O L 0 O 0 O 0 © 1 0 0.8
W08V to L9V |1 0 0 0 O O 0 © 0 1 1.6
40my 0799w [0 1 0 O O 0 0O 0 0 1 3.2
20wV  t039.9m |1 0 0O O O O 0O O 0 0 6.4
0av tol19.9a¥ [0 1 0 0 0 0 6 0 0 0 12.8
52V to 999wV |0 O 1 O 0 O 0 O 0 O 25.6
"2.5mwV to 4.99mwV |0 O O I 0 O O 0 O O 51,2
l.25mV to 2.49mv |0 0 O O 1 O 0 0 0 O 102.4
0 to 1.26mv {0 0 0O 0 0 1 © 0 0 0 204.8
Note ...

The multiplier listed in the right—hand column of Table 27 is used to
calculate the number sent to AHLY to provide the required scale.
Multiplying the AF level in millivolts required by the prescribed
multiplier will produce a number less or equal to 255. This number is
rounded off and sent to ALY as an eight bit binary number.

122, Test data AD3/1

D8 ancde
IC7, pin 1

IC7, pin 8
IC12, pin 15

R34,R35 junct.

Jun. 84

-7.5 V dacoe

Audio signal at modulation frequency set

to 0.9 V p-p.

Audio signal 2.6 V r.m.s.

INT MOD, 0.9 V p~p audio

EXT MOD, audio signal corresponding to the
external modulation input.

Audio signal 900 mV p~p from EXT MOD, level of
which should be independent of input level for
external inputs of 800 mV to 1.2 V r.m.s.
Chap. 5
Page 55

L P VY

Vol. 2




123. All the following data assumes INT MOD is selected.

1¢3t, pin 1 Wicth FM ON 12 V p—p audio, FM 0FF - no signal.
IC3t, pin 7 With AM ON - typically 6.7 V p-p, AM OFF - no signal.
IC21l, pin 6 FM ON, carrier 520 MHz {(typically) 5 V p~p audio.

FM ON, carrier 260.1 MHz (typically) 7.4 V p=p audio.

IC27, pin 6 FM ON, carrier 520 MHz, f.m. deviation 9.9 kH=z
typically 4.9 V p~p audio.
FM ON, carrier 5320 MHz, f.m. deviation 5.2 MHz
typically 2,5 V p~p audio.

1C30, pin 6 FM ON, carrier 520 MHz, f.m. deviation 5.2 MHz
typically 9.8 V p-p audio.

1C17, pin & AF level 1 V typically 2.0 V r.m.s.
AF level 0.1 mV typically 0.2 V r.m.s.

ICi9, pin © AF level 1 V typically 0.5 V r.m.s.
AF level 0.1 mV typically 3.25 V r.m.s.

ATO/AT1 : 10 dB step attenuator

124, Except for simple faults which do not affect the main r.f. path on ATI,
it is not recommended that repairs are attempted on ATl unless very accurate
attepuator measuring equipment is available. It is generally not advisable
to attempt to remove the r.f., cover over AT, but if the cover is removed do
not attempt to adjust or remove ATl since to do so can alter the calibration
of the pads. If it is established that one of the micro-switches requires
adjustment this can be accomplished by the following procedure:

(1) Adjust the large nylon nut so that the armature of the solenoid pulls
in when between 13.5 V and 15 V d.c. 1s applied to the coil. The d.c.
must be applied with SKLP disconnected from ATZ,

(2) Energize all the solenoids except the one being adjusted.

{3) Connect a short cireuit across SKAZ and an ohmmeter across SKBA. As
the armature is manually closed a change of resistance should be observed
when the micro-switch nearest SKBA operates. Adjust the corresponding

adjustment screw so the switch operates at mid-travel,

(4) Repeat (3) with the short circuit across SKBA and the meter across
SKAZ for the other micro-switch of the pad being adjusted.

{5) Lock the adjustment nut and screws with locking varnish.
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AT2 : Attenuator countrol

125. Test data AT2

IC4, pin 8§

TR3 collector

TTL level. Normally low but on pressing the r.f.
level key goes high for 40 ms.

Normally unregulated 10 V. Goes to unregulated 25 V
for 40 ms when r.f. level key is pressed.

IC3, pin 8 TTL level. Low except when attempting to reset the
RPP.
IC3, pin 2 TIL level. Low unless reverse power has been applied.
IC3, pin 13 TTL level. Low unless RPP has been tripped.
TABLE 28  VOLTAGES ON PLP, AT2
PLP pin numbers
RF LEVEL 1 3 4 5 6 7
0 dBm 10V oV ov 0V ov ov
~10 dBm i6v oV oV oV 0 v 10 Vv
~20 dBm 10V ov ov ov 10V ov
-30 dBm 10V ov ov oV 10V 10V
~40 dBm 10V 10 v gV oV oV 10V
-50 dBm 10V 10V Y 0V v ov
-60 dBm i0 v iov Y ov FLRY 10V
~70 dBm 10V 10V oV 10 VV ov 10 ¥V
-80 dBm 10V 10V ov 0 v 10 v ov
=90 dBm 10V iov ov 10 v o v 0V
~100 dBm 0V 10V 10 v 19 v Y 0V
~110 dBm 10V 1o v 10V o0V 10V oV
-120 d4Bm 10V 0V 10 v 10 v iov 10V

Where the above table shows a voltage of 10 V this is taken as being the
nominal unregulated voltage that appears omn pin l. Where 0 V is shown there
will be a small positive voltage, not exceeding 0.4 V, due to the saturation
voltage of the drivers IC5,ICh on AT2.
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INSTRUMENT CALIBRATION

EAROM Initialization

126. In the event of the EAROM AA2/1, ICl4 being replaced or accidentally
erased the. EARCM must be given certain initial information for correct
operation of the program. Data should be entered in a sensible order
indicated in the following steps and in conjunction with second functionm 17.

(1) By means of second function 190 enter the identity string settings;
instrument type and serial number can be found on the rear panel.

{(2) Select the GPIB command set to 2018A 707, or 2018 "1 by means of
second function 15, Unless compatibility is required with 2018 commands
it is recommended that the 2018A command set is chosen.

(3) Set the frequency standard to either 10 MHz “0° or 1 MHz “17 as
required via second function lé&.

(4) Enter the required r.f. level units required via second function 5.

(5) Set the r.f, level offsets off 70”7 via second function 6. The
offset facility must not be used until the instrument 1s calibrated.

(6) Remove the store protection if implemented via second function 191
and the 07 key. Store values can now be entered. Each store has a
separate checksum which is automatically entered on storing a valid
setting. Stores not having a value entered will initiate an error 7
message when recalled,

(7) Select second function 192 and set the “Display blanking of recalled
stores” to the required state, off 707, or on 17,

(8) If the optional GPIB facility is fitted set the GPIB address as
required via second function 2.

The non-volatile store is normally supplied with all “1”"s stored. Complete
the operation by selecting SECOND FUNCT 17 and STORE keys.

Notes ...

(1) The flags on most second functions referred to above have been arranged
such that the most useful settings are selected when a replacement EAROM
store is installed. The above steps however should each be checked to
determine individual user requirements,

(2) The total instrument operating time indicator, if accessed with second
function 10 will probably read 131,071 hours. After approximately 15

minutes instrument running time this will overflow and reset to 0§ hours.

Internal frequency standard

127, Using a frequency counter operated from a high accuracy £fregquency
standard monitor the frequency standard output from the rear panel. The
frequency standard may be adjusted without removing the external covers by
adjusting Rl on AA/BO/1. Access to Rl is gained using a small screwdriver
inserted through the circular hole in the group of vents on the right-hand
side of the instrument at the top front corner. -
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RF level

128. Calibration of the output level requires the access to second function
operations. An accurate power meter is required to set wup the r.f., level
calibration. The 10 dB step attenuator contributes significantly to level
errors for outputs below -3.0 dBm. Specialized equipment is raquired Lo set
up the attenuator and is not covered in detail in this procedure. The
following procedure is used to set up the r.f. level at levels greater than
-3.1 dBm. 1f the recalibration is regquired only om a routine basis (i.e.
there has been no major fault in the level control system) step (2) should be
omitted and step (3) may be omitted if the difference in r.f. level between
7 dBm and -2.9 dBm is 9.9 dB %0.15 dB.

(1) Enter SECOND FUNCT "0" and overcome the second degree protection by
carrying out the Second level operation unlocking procedure. Details of
this procedure are given in Chap. 4, page 40,

(2) Set the carrier to 10 MHz and enter SECOND FUNCT "7".  Enter the
aumber 050 on the keypad followed by the STORE key. Repeat this
procedure at 260 MHz, 520 MHz, 730 Miz and 1040 MHz (only if it is a
20194) and entering the numbers 75,100 and 135,170 respectively.

(3) Set the carrier to 10 MHz and the level to 7 dBm. Adjust R86 on ACH
for an output of 7 dBm measured on a power meter at the r.f. output
connector. Set the output level to -2.9 dBm. Adjust R89 on AC4 to
obtain the correct output level. Repeat steps 2 and 3 until levels are
correct to within 0.1 dB.

(4) The output level can now be accurately set up from the front panel
alone by adjusting the calibration at 3 carrier frequencies using the
second function operation. Set the carrier to 10 MHz and the level to
7 dBm. Enter SECOND FUNCT "7".  The output level may be adjusted by
entering a 3 digit number between 000 and 255 followed by the STORE key.

Note oo
Do not exceed the number entered at 260 MHz ~ in this case 075.

Increasing the number entered will increase the output level. When a
satisfactory entry 1s obtained this procedure is repeated at a carrier
frequency of 260 MHz. In this case the number entered should not be less
than that stored at 10 MHz and should not be more than that stored at 520 MHz.
After completing the entry at 260 Mhz repeat the same procedure at 520 MHz.
The number entered should not be less than that entered at 260 MHz. Repeat
this procedure again at 780 MHz and 1040 Mz if the instrument is a 2019%A.

(5) Check the r.f. level accuracy at 7 dBm and —-2.9 dBm is better than
+0.4 dB from 10 MHz to 520 MHz, and better than (.8 dB from 520 MHz to
1040 MHz. On 20194, if necessary, the calibration number at 1040 MHz
can he adjusted to give the best average accuracy from 780 MHz to
1040 MHz.

(6) On completion of step (5) select SECOND FUNCT 17 to recalculate and
stora the amended EAROM sum data.

(7) Relock the second function by entering SECOND FUNCT "o,
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(8) After calibrating the r.f. level it is advisable to check the a.m.
calibration.

AM calibration

129. An accurate modulation meter and a distortion meter are vequired to
calibrate the a.m.

(1) Set R23 on ACS5 (PRE~MOD) fully clockwise.

{2) Set the instrument to give 0 dBm at 100 MHz with the a.m. set to
internal modulation at 1 kHz rate and 80% depth., Adjust R64 on AD3/1 to
give 80% modulation deprh as measured by the modulation meter.

(3) Adjust R23 on ACS to give minimum a.m. distortion. Recheck
 step (2). '

(4) Set the carrier frequency to 400 MHz and check that the a.m.
distortion and level accuracy 1is within specification.

{5) Monitor pin 14 of IC3 on AC4 with a d.c. coupled oscilloscope. Set
the modulation depth to 99%. Switch the a.m. off temporarily and note
the d.c. voltage level observed on the oscilloscope. Switch the a.m.
back on and adjust R77 on AC4 such that the negative tips of the sine
wave on pin 14 of IC3 come to a voltage, with respect to ground, of 1% of
that noted previously,

(6} Set the instrument to give 804 depth at 300 Bz rate internal

modulation. Adjust R95 on AC4 to give the minimum ripple at the
moedulatien frequency on ICl, pin 1 on AC4 (TP2).

FM calibration

130. An accurate modulation meter is required to calibrate the f.m.
Calibration adjustments can take one of two forms. If the f.m. is out of
calibration at all carrier frequencies and deviations by a consistent
percentage the calibration can be adjusted using R75 on AD3/1. If, however,
recalibration is necessary because of work carried out which may result in
less predictable changes (e.g. to AB3) the f.m. should be recalibrated as
follows under second function control. This recalibration can be easily
accomplished using the GPIB if the modulation meter and 2018A, 2019A have a
GPIB fitted and a controller with a suitable program is available.

(1) Set the instrument to 520 MHz at 0 dBm. Set the f.m. to 100 kiz
deviation at 1 kHz rate in the internal mode. Set the carrier frequency
increment size to 4.15 MHz. Enter SECOND FUNCT "0Q" and overcome the
second degree protection by carrying out the Second level operation
unlocking procedure. Details of this procedure are given in Chap. 4,
page 40,

(2) Using an accurate a.c., d.v.m. monitor the voltage on IC31 pin 1 (a
test pad marked 4.24 V r.m.s. located immediately above IC21 can be used
for this purpose). Adjust AD3/1, R75 for 4,24 V rum.s. (12 V pePe)s
R75 adjusts the overall f.m. level.
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(3) Enter SECOND FUNCT "8". The r.f. level display will show a number
corresponding to the tracking data at 520 MHz. This number is changed
in order to obtain 100 kHz deviation as measured by the modulation meter.
The number can be changed by entering a new 3 digit number or by using
the increment keys. When the best value is found pressing the STORE key
will store the data in the non-volatile memory. If the store key is not
pressed the number will return to its previous setting when you exit from
the second function mode.

(4) Enter CARRIER FREQ and increment down in frequency by pressing the
increment key, Then repeat the procedure given in step 3 at the new
carrier fregquency. Keep repeating this procedure until a carrier
frequency of 437 MHz is reached. Then reset the carrier to
437 .00001 MHz and repeat the procedure for entering new tracking data.
This will complete the tracking oscillator 4 on AB3.

(5) The above procedure has to be repeated for the other 3 oscillators on
AB3. Oscillator 3 is tracked by setting an incremental carrier of
3.45 MHz and starting at a carrier of 437 MHz. On reaching 368 MHz the
carrier is reset to 368.00001 MHz and the last tracking point for
oscillator 3 can be entered. Oscillator 2 is tracked by setting an
incremental carrier of 2.95 MHz and starting at a carrier of 368 MHz.
On reaching 309 MHz the carrier is set to 309.00001 MHz and the last
tracking point for oscillator 2 can be entered, Oscillator 1 is tracked
by setting an incremental carrier of 2.45 MHz and starting at a carrier
of 309 MHz. On reaching 260 MHz the carrier is reset to 260.00001 MHz
and the last tracking point for oscillator 1 can be entered.

(6) On completion select SECOND FUNCT 17, STORE to recalculate and store
the amended EAROM checksum data.

{(7) Relock the second function by entering SECOND FUNCT "0".

Phase modulation

131.
tion.
only

An accurate modulation meter is required to calibrate the phase modula-
As the instrument uses the FM system to provide phase modulation it is
necessary to set the calibration at one carrier frequency and deviatiom,

(1) Set the instrument to provide 100 radians deviation at 520 MHz
carrier and a modulation rate of } kHz internal. Adjust R70 AD3/1 to
provide calibrated phase modulation.

(2) If the modulation meter does not have a phase modulation measurement
mode then the phase modulation can be calibrated by first measuring the
modulation frequency in kHz using a counter. The required FM deviation
under the above conditioms (100 radians), is then 100 times the
modulation frequency in kHz.

External phase modulation calibration

132.

Set the instrument to give 100 kHz FM deviation at 520 MHz with the

internal oscillator at 1 kHz and carry out the following procedure:

Junt.

(1) Apply em accurate 1 V p.d. 1 kHz signal to the external mod I/P.
Use a modulation meter to measure the FM deviation. With the instrument
set to INT FM, note the FM deviation.
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(2) Set the instrument to EXT FM and MOD ALC off, adjust R37 AD3/1 to
give the same deviation.

(3) Set the instrument te EXT FM and MOD ALC on. Then adjust R32 AD3/1
to give the same deviation.

Threshold l.e.d. setting

133. Apply an accurate 1.022 V p.d. 1 kHz signal to the MOD INPUT sockat.
Adjust R23, AD3/1! so that the HI l.e.d. is just extinguished, Now reset
signal source to 0.98 V p.d. and check that the LO l.e.d, is off., Further
reset the signal source, first to 0.975 V p.d. to check the L0 l.e.d. lights
then to 1.025 V p.d. to check that the HI l.e.d. lights. At 1 V both l.e.d”s
should be off.

AF level
134. Set the internal A¥ oscillator to 1 kHz and the AF O/P to 1 V p.d. Using

an accurate AC voltmeter measure the AF O/P level. Adjust R60 AD3/1 to
obtain a level of 1 V p.d.
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Chapter 5, Annex A

MEASUREMENT OF PHASE NOISE IN SIGNAL GENERATORS

CONTENTS

i Side band noise
Reprint of article : "Measurement of phase noise in signal generators”

1 A typical phase noise plot for the TF 2020

2 Basic quadrature technique

3 Quadrature technique incorporating a p.l.l., to obtain phase
quadrature at the mixer

Quadrature techmique with a low noise pre-—amplifier

FM discriminator method

An amplifier configuration

Residual phase noise characteristics

~ O\ o

Side band noise

i. 5ide band noise measurements require the use of specialized equipment
which is not always available to the user. Some methods of measuring side
band noise are contained in this annex.
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discriminator methods. The calibration of each system
is explained in terms of simple narrow band
modulation theary and a minimum of mathematics is
used throughout.

Measurement of phase noise

in signal generators

D. P, Dwen, B.S¢. (Hons)

All signal sources exhibit some degree of randomness in
their frequency and amplitude due to the effects of random
noise, interference, temperature fluctuations and other
physical influences. For convenience these effects can be
considered as being equivalent to a combination of amplitude
modulation and angle modulation, i.e. phase or frequency.
The amplitude modulation component is generally much
less troublesome in signal generators since its magnitude is
usually much smaller than the random angle modulation,

Over the years many methods of measuring random phase
modulation have been used. For f.m. applications the most
convenient measurement technique is to measure the equiva-
lent f.m. deviation recovered by a low noise receiver tuned
to the carrier frequency. The residual demodulated f.m. is
measured in a specified audio band, or a weighted band
such 2s that used for telephones, and represents the average
peak f.m. deviation. Alternatively in phase modulation
applications the equivalent residual phase modulation
expressed in radians or degrees can be measured. As with
f.m. measurement, the measurement is taken in a specified
bandwidth and represents the average peak phase deviation,
though occasionally the peak-to-peak value is quoted.
These results, however, only give a limited idea of the
.characteristics of a generator and for many applications the
single figure is not adequate. A more convenient method
of defining phase noise modulation is to express the noise
as the noise power contained in a single sideband ina 1 Hz
bandwidth, at a specified offset frequency from the carrier,
relative to the carrier power, [f the noise at various frequency
offsets is measured an s.s.b. noise plot such as that shown
in Fig. 1 can be drawn. The ratio of phase noise power to
carrier power is generally expressed as a logarithmic ratio
and therefore has units of dBc/Hz, where dBc is decibels
relative to carrier power,

In general, phase noise is highest at low offset frequencies
and falls with increasing offser frequency until the amplifier
noise floor is reached. The white noise added to the carrier
signal by the ampiifiers in the signal source effectively
contributes equal amounts of phase and ampiitude noise
modulation and hence will contribute a phase noise power of
—3 dB relative to the white noise power in a ! Hz band-
width. Provided that the total equivalent phase modulation
(ph.m.) deviation is much less than | radian the phase noise
plot may be used to derive an approximation to the residual
ph.m. or {.m. deviaticn using a fairly simple if somewhat
tedious algebraic routine.

In recent vears there has been considerable interest in
the measurement of the phase characteristics of
frequency sources. Two methoeds of measuring phase
noise are presentad, the quadrature and the f.m.

For phase modulation the band of interest can be split in
sub-bands of frequency each having roughly constant phase
noise power. The total phase noise power, N, in a sub-band
can then be calculated from the general formula

Ni = N4log BidBc

where N4 is the average noise power/Hz in the sub-band of
bandwidth B:.

From this the equivalent ph.m. deviation in each band can
be cailculated by noting that narrow tand modulation theory
gives the result that 1 radian deviation gives a —6 dB carrier
sideband. Hence if the noise in a given sub-band is —~66 4B
this is egquivalent to a deviation of §-001 radian (—-60dB
refative to 1 radian). The total ph.m. deviation is then found
by taking the square root of the sum of the squares of the
deviations in each band.

The residual f.m. deviation can be found using the same
technique but the sideband power in each sub-band is
converted into an equivalent f.m. deviation using narrow
band modulation theory. If the sub-band power is —66 dB
and the average offset frequency of the sub-band is | kHz
the equivalent f.m, deviation is 1 Hz, i.e. —60 dB relative to
1 kHz. Again the total f.m. deviation is found by taking the
square root of the sum of the squares of the deviations in
the sub-bands. This method will only give an approximate
idea of the residual modulation but it can be a useful
technique if the manufacturers information does not give the
residual modulation in the required bandwidth,
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Fr'g.- 1. A typical phase noise plot for the 50 kHz - 520 MHz
Synthesized Signal Generator type TF 2020,




of the beat note as before.

When the system is phase focked the p.L.l. bandwidth can
be checked by injecting a low level variable frequency at
TPI1 in Fig. 3 and varying the frequency of the source until
the amplitude of the signal appearing on TP2 is within 3 dB
of the signal level at TP2. This frequency will be approxi-
mately equal to the loop bandwidth and phase noise
measurements should only be taken at frequencies at least
an octave above this. ’

Quadrature measurement capability

The measurement capability of the system is determined
by the beat note level recovered from the mixer and the
noise and dynamic range of the selective analyser used.
In most cases the resolution may be improved by using a
low noise preamplifier to amplify the signal from the mixer
as shown in Fig. 4. When the system is being calibrated the
preamplifier is removed fo prevent overloading the pre-
amplifier and the selective analyser. When the noise is being

C,\; REFERENCE SOURCE

AM/FM SIGNAL GENERAIQOR

these devices as a preamplifier would be around —132
dB/Hz. A low noise operational amplifier such as the
TDALO3N with a typical performance of 3-5 nV/Hz would
give a noise floor of around — 144 dB/Hz. Clearly, increasing
the drive level to the mixer will improve these results in
proportion to the increased beat note derived from the
mixer, provided that the reference source does not contribute
any significant noise to the system.

The main drawbacks of the guadrature technique are that
the signal sources have to be very stable, or a phase locked
loop has to be used, and that the system calibration changes
every time the recovered level from mixer is changed, There
are methods of automating the measurements? but these
techniques add significantly to the cost and the complexity
of the system,

FM discriminator method
Marconi Instruments has used the f.m. discriminator tech-
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measured the preamplifier is switched in and an oscilloscope
is used to check that the maximum input level to the analyser
is not exceeded and that phase quadrature has been set.
The gain of the preamplifier has to be corrected for when
calcutating the measured phase noise.

i the preamplifier has a gain sufficiently high so that the
noise of the analyser has no effect on the system resclution
the noise floor capability of the system can be estimated if
the equivalent input noise voitage of the preamplifier is
known and the amplitude of the beat note is measured. In
practice the best discrete audio ampiifiers will have an
equivalent input noise voltage of approximately Z nV/Hz at
frequencies greater than 4 kHz which is roughly equivalent
to the thermal noise of a 250 Q resistor. For a recovered beat
note of 30 mV r.m.s. the noise floor is then given by

-G
N = 6= 20l0g =197 _ _ 149 dBe/Hz.
30 % 103

Most common operational amplifiers have an input noise

by removing the phase lock and measuring the amplitude

Fig. 4. Quadrature technigue with a low noise preamplifier.

nique shown in Fig, 5 for the last 7 years to check the phase
noise characteristics of low noise signal generators. The
outputs of the reference source and the signal generator are
combined in a double balanced mixer to derive a nominal
[-5 MHz i.f. freguency. This is filtered to remove the un-
wanted components from the mixer and then amplified by a
low noise amplifier before passing to a high gain limiting
amplifier. This is followed by an f{.m. discriminator that
demodulates the spurious f.m. present in the -3 MHz i.f.
The demodulated signai is then amptified and measured on
a wave analyser,

The f.m. discriminator is designed such that it has a
iarge change of output voltage with a small change of
input frequency and has an f.m. bandwidth of 40 kHz. The
high slope of the discriminator means that the i.f. frequency
has to be tuned to within approximately 5 kHz of 13 MHz
in ordér to remain in the linear portion of the discriminator
characteristics. As an aid to this adjustment the tuned
voltmeter that detects the i.f. level has a ¢ such that if the

voltage of 15 nV/Hz so the system foor noise using one of




level recovered from the mixer since the limiter ensures
that the drive level to the discriminator is always the same.
Another advantage with this system is that when it is used
for non-synthesized sources slow changes in the free running
frequency of the generator will have no effect on the measure-
ment accuracy provided that the drift is not sufficient to
cause the Lf. frequency to drift outside the linear part of
the discriminator characteristics.

When using the system it is important to realise that the
demodulated output is the demodulated f.m. noise and not
the phase noise and hence an additional correction factor
is reguired which is dependent upon offset frequency.

The system is calibrated using a standardized {.m. source.
With the amplifier gain set to unity the signal generator is
replaced with an f.m. source modulated ar | kHz to give
I kHz deviation. The demodulated audio output is then

i o— w f1yw A LNy FUF AW boamnr Awsim P U T f s aaade

In practice, the systern only has to have an occasional
calibration check since all the factors above are dependent
upon the systemn characteristics and not the r.f. input level.
A table of correction factors is provided on the front panel
of the instrument which gives correction figures for various
offset frequencies of interest, The correction factors include
the wave analyser characteristics and hence the phase noise
of the signal generator is given by adding the correction
factor for the offset frequency being measured to the
measured output voltage in dB referred to a fixed datum
level.

The input level to the wave analyser is mionitored by an
oscilloscope in order to ensure that the wave analyser is
not overloaded. In this respect, however, the system has a
further advantage over the quadrature technique, The lower
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measured by the wave analyser. This level is again equivalent
to a phase sideband at --6 dB. As in the quadrature method
if a TF 2330A Wave Analyser is used there is a correction
factor of +1-05 dB for the detector and —85 dB for the
analyser bandwidth. In addition there is another correction
factor dependent on the offset frequency being measured.
The discriminator effectively has a linearly increasing phase
gain as the offset frequency is increased. Hence the phase
noise is given by the expression

N=—6§ 4+ 105 —10 log B —Av —20 log fo/10% + 20 log

Vo/Vr dBc/Hz,

where B is the noise bandwidth of the wave analyser,
Ay is the audio preamplifier gain,
fo is the offset frequency at which the noise is being
measured,
Vo is the measured output noise voltage,

and Vg is the output voltage measured in the calibration
described previously.

signal generator frequency is tuned to obtain a peak reading
on the iL.f. voltmeter the i.f. frequency accuracy is adequate,
The calibration of the svstem is independent of the i.f

Fig, 5. FM discriminator method.

frequency phase noise sidebands are not amplified as much
as the high frequency components, by the discriminator, and
hence the dynamic range reguired in the analyser is less, This
can be an imporiant advantage when measuring the charac-.
teristics of valve generators. Such sources frequently have
very good phase noise characteristics at a 20 kHz offset but
can have strong mains hum and low frequency phase noise
components which could overioad the measurement system,

If required, the output of the discriminator can be con-
verted to be directly proportional to phase noise, as opposed
to frequency noise, by using a suitable amplifier as shown
in Fig. 6.

Measurement capability

The system noise floor of a discriminator system in use
at Marconi Instruments is shown in Fig, 7 for a recovérec
L.f. level of 30 mV. The fioor noise ai 20 kHz offset ic
153 dB and is due to the noise generated at the input tc
the {5 MHz ampiifier. This low noise floor is fairly easily

If coherent signals are being measured the formula is
reduced to
N o A B M e AJI02 e MY Ino Vel Vo dRe/HZ7



signal generators is the phase noise at offset frequencies
greater than 100 Hz from the carrier frequency and up to
frequency offsets where the white noise of the amplifiers
used contributes most of the noise. This amplifier noise floor
should ideally be at least —140 dBc¢/Hz in a high quality
signal generator and so any useful measurement system
should have a residual noise floor of better than —130
dBc/Hz at offsets greater than 10 kHz.

It is technically not practical to measure this level of
phase noise direcily with a spectrum analyser because of the
required dynamic range and so measurement techniques
usually rely on first removing the carrier power.

There are iwo useful techniques for signal generator
measurement ~ the quadrature and the f.m. discriminator
method. Both of these systems rely on the availability of a
reference source to effectively help to remove the carrier

out of phase, the output level is approximately zero. The
quadrature condition corresponds to the point at which the
mixer is behaving as a phase detector since if the phase of
one signal was changed by a small amount the d.c. level
from the mixer would change. In a similar manner the
in-phase condition corresponds to the mixer behaving as
an amplitude detector. Clearly if the input signals are set
to phase guadrature any phase noise on the signals would
appear at the output of the mixer as a baseband noise signal
and hence the selective analyser witl measure a noise signal
which is directly proportional to the phase noise of the
source under test at an offset frequency corresponding to
the frequency at which the selective analyser is set.

The systermn may be calibrated by offsetting the two input
signals such that a beat note Is generated at the output of
the mixer. The r.ms. beat note amplitude, Vs, is then
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signal. In the following discussion it is assumed that the
reference source contributes a negligible amount of phase
noise to the signal generator. This is normally the case if a
low noise crystal oscitlator is used as the reference source.

The quadrature technique

Fig. 2 shows the basic quadrature technigue. The frequency
source under test is mixed with a signal from a reference
source in a double balanced mixer with a d.¢. coupled output
point. The output signal is then filiered to remove the high
frequency signals from the mixer, amptified, if necessary, by
an optional preampiifier and is then measured by a selective
analyser such as a wave analyser or a spectrum analyser.
The input frequencies to the mixer are adjusted such that
the output from the mixer is a low frequency beat note. As
the two frequencies are adjusted to be successively closer
the output frequency from the mixer becomes lower until
when the two frequencies are identical the output is just a

Measurement of phase noise
The most significant area of phase noise performance in

Fig. 2. Basic guadrature rechnigue.

measured by the selective analyser and this level is used as a
reference leve! that is equivalent to a coherent phase sideband
6 ¢B below the carrier. This can be intuitively understood
by noting that the peak voltage output from the mixer is
eguivalent to the phase sensitivity of the mixer at quadrature
in radians/volt. Hence the beat note can be considered as
corresponding to an equivalent narrow band phase modula-
tion of | radian and narrow band modulation theory tells
us that this is equivalent to a sideband level of —6 dB.
There are further correction factors which have to be
taken into account for the selective analyser characteristics,
which are dependent on the type of analyser used. if the
TF 2330A Wave Analyser is used its bandwidth and detector
characteristics must be accounted for. The detector uses an
averaging technigue which is calibrated to show the r.m.s.
value of a sine wave. If the analyser is measuring a noise
signal rather than a coherent sine wave it can be shown!
that it is necessary to add 1-05 dB to the reading in order to

d.c. level. If the two frequencies are in phase the d.c. level
is 2 maximum and if they are in phase quadrature, i.e. 30°




bandwidth. The wave analyser therefore gives a reading
approximately 8-5dB higher than the noise in a | Hz
bandwidth. The meter indication on the wave analyser will
exhibit a significant amount of jitier and so the meter
indication has to be averaged visually or the meter movement
has to be damped by adding capacitance in parallel.
Alternatively a damped meter may be connected to the
external monitor jack providing the constraints on loading
the moniior are observed.

The TF 2370 Spectrum Analyser? may also be used as a
tuned voltmeter. The noise bandwidth of the filter being
used in the spectrum analyser should be checked if accurate
noise measurements are required but generally the effective
noise bandwidth of most analysers is approximately 15°;
greater than the 3 dB bandwidth of the filter. The correction

For a wave analyser or a spectrum analyser in the linear
mode the phase noise, ¥, at the offset frequency, fu, of the
analyser is

N w= —6 4 105 —10 log B + 20 log Vy/ Vs dBe/Hz
where B is the analyser noise bandwidth,
Vo is the measured output voltage from the mixer at
phase quadrature,
and Fp is the measured beat note anmplitude.

For coherent sidebands it is not necessary to correct for the
analyser characteristics and the phase sideband level is

given by
N = —6 + 20 log Vo/ Ve dBe/Hz
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factor for the bandwidth of the spectrum analyser is given
by the general formula: —10log B
where B is the analyser noise bandwidth.

The detector correction factor for the 5, 50 and 300 Hz
filters of the TF 2370 is the same a3 that for the wave
analyser, Le, --1-05dB, provided that the analyser is used
in the linear mode. If the analyser is used in the logarithmic
mode the peaks of the noise waveform are effectively
‘crushed’ and the correction factor has to be changed to
+2-5dB.

TF 2370 shouid be used in the manual scan mode since
in this mode a 1-5 Hz video filter is automatically incorpora-
ted. The frequency setting of the analyser may be manually
scanned and a permanently stored display of the frequency
characteristics of the phase noise sidebands is obiained.
The internal frequency counter can also be used to accurately
identify the frequency of any spurious signals thar are
present.

obtain the correct noise level, As the wave analyser noise
bandwidth is approximately 7 Hz, it is necessary to weight
the analvser reading to give the eguivalent noise in a 1 Hz

3 TP!

Fig. 3. Quadvarure technique incorporaring a pl.l.
to obtain phase quadrature at the mixer.

For a spectrum analyser in the logarithmic mode the
phase noise is given by

N = —6 -+ 235 ~10log B -+ 20 log Vo/¥Vr dBc/Hz.

Obtaining phase quadrature

The principal problem in using the quadrature technigue
for measurements on signal generators is to establish phase
quad