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Designs Department Manufacturing Information
No. 5.401(81)

Dual UHF Freguency Synthesiser 0S53/509

1.  DESCRIPTION

This unit was designed as part of the television transposer TM4H/502.

The two synthesised THF oscillators contained in the 083/509 are used

to convert an incoming UHF televidon signal via an IF of 40.75MHz +to

an outgoing UHF signal. This Intermédiate Frequency was chosen to

give local oscillator frequencies of 512MHz to 896MHz which are an exact
multiple of SMHz. In the case of the input local oscillator this ig

not quite true as the frequency can be shifted slightly %o cope with five-thirds

line frequency offsets.

The 0S3/509 consists of two identical voltage controlled UHF oscillators
(Printed Boards 1 and 2) mounted in screened sections of extrusion on
either side of the control circuitry (Printed Board 3). The unit
derives +28V and +15V power from the PS4/8 and the AM21/506 respectively.
The oscillators are tuned by programming earth links in the PATM/579.
This sets the appropriate ratios in the synthesiser dividers which
control the oscillators.

2. INFORMATION |

(a) DesignASection - Radio Frequency (5)

(b) Designer W. Mumray and 0. Cullum

(c¢) Engineer Responsible W, Murray

(d) Handbook - Part of the UHF TV Transposer TM4M/502 Handbook No. 5.156(81)
(e) Technieal Instruction - Not available 1st January 1981

(£) Pre-productin Batch - This Production Test Schedule has been

tested on a pre-productin batch of 4 in Designs Department.
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3¢«  MANUFACTURING PERFORMANCE SPECTFICATION

5.1 Signale
3¢1.1 Outputs

(1) Two local o;cillator outputs on free HNC plugs.
frequency range 512 to 896MHz in SMHz steps
18t 10 offset range + 100kHz minimum
output impedance 50Q
maximum return loss 154B
output power +10dBm to +13dBm
(ii) sMEs é‘I‘AL overall reference on BNC panel socket.
output impedm ce 50Q approx.
output power = | OdBm approx.
(iii) Lock indication via filtercon

LED drive +10mA

3.1.2 Inputs
IF vision carrier on free BNC plug.

Frequency 40.75MHz
level 100mV to 260mV R.M.S

impedance high

362 Power

two inputs via filtercons C5 and C4
+28V @ 60mA typical( 120mA max)
+15V @ 510 + 40mA

3«3 Controls

via free 25 way D socket (from PA1M/509 or TE1/ 5@

3.3.1 16 synthesiser programming inputs (1.5mA current sink)
6 - 18t LO main divider

2 - 18t LO offset divider

1 = 18t LO band IV/V aswitch
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6 - 2nd 10 main divider

1 - 2nd L0 band IV/V switch

3.3.2 3 contml lines out to AM21/506 and AM14/561 (no internal

conmnection - mechanical convenience only).

3¢3.3 +15V power out for TE1/38 only.

5. TEST APPARATUS
Dest—Boe TE1/38

Synthesiser Test Socket to ISK A4

2 x Bench PSU (Capable of +28V @ 1A, with variable current limit)
Mul time ter

Frequency Meter

RF Spectrum Analyser (up to 1GHz), e.g. HPSS554L

UHF/VEF Signal Generator, E.g. HP 8660~ £ 4.0

Modulation Analyser - HP8901

Lowpass (or bandpass) Filter @ 40.75MHz

UEF/VEF Amplifier (gain >10dB 0/P level >0dB), e.g. 4M14/558

6dB Splitting Pad

Double-balanced Mixer; e.8. Lorch Electronics FC-2012

-Audio Spectrum Analyser, e.g., HP3580A

be HJ’SPECTION

6.1 Once the three boards that comprise this unit are fixed in place
in the three compartments of the extrusion the wiring side of the boards
becomes inaccessible. For this reason inspection and preliminary

performance checks are carried out prior to final assembly.

6.2 Voltage Controlled Oscillators (VCO) boards 1 and 2 of 0S3/509

Note that boards 1 and 2 are identical electrically and in board layout.

Checkthat each. has been assembled to drawings Assembly Information D 50005 A2,

Comp. woc. U 49998
6.2.1 Voltages above 50V d.c. or 30V a.c. are absent from this board.



6.2.2 Inspect the board CAREFULLY for soldering defects, as the faults
these can induce can be difficult to locate.

6.2.3 Check the polarity of the Tantalum capacitors,

6.2.4 Check the insertion of all components in particular TR102,
TR103, D101, D102, IC101 and IC102,

6.2.5 Also check that TR1 and TR2 do not stand further than Smm above
the board.

6.3 SYNTHESISER _ Board 3 of 0S53/509

Check that it has been assembled to drawing Comp. Loc. D50001A2.

It is important that anti-static precautions are observed on this board.

6.3.2 Voltages above 50Vd.c. or 30Va.c. are absent from this board.
6.3.3 Inspect the board carefully for soldering defects as the faults
these can induce can be difficult to locate, in particular, check for
absense of short circuits on PLW and PLX R301, R328 and R348,

6+3.4 Check the po%.rity of C352 and all tantalum capacitors.

6.3.5 Check the insertion of ALL IC's in particular IC301, IC307, IC31T7,

oA

c
6.3.6 Also check the insertion of MOD 1, (the 'c@ta.l oscillator) and

IC309, IC322.

D 301 and D302,

6.4 Box and leads of 0S3/509

6.4.1 Check wiring and assembly of extrusion as per D 49993 A1 except

for absence‘of boards 1, 2, 3.

7. PRELIMINARY TESTS

Voltage controlled oscillators boards 1 and 2. The following tests apply
to both boards.

7s1 To set damping constant
(a) With an ohmmeter connected between TP1 and ground set R105 to
2.5k +100Q.

(b) With an ohmmeter comnected between TP2 and ground set R107 to
2-3‘: : 100Q.



T.2 To check current cogsmtion
T.2.1 Connect a bench PSU to the +15V pin and geewnd.

T.2.2 Switch on and check that. the current drawn is less than 100mA,
7.3 To check operation of regulator and band switching

Check the following voltages with respect to growmd:-

T.3.1 Collector of TR103 for 10V +0.25V

T+3.2 Base of TR103 for 4.8 +0.2 volts

T.3.3 Pin 4 of IC101 for 12 +0.5volts

T.3.4 Base of TR102 for less than 0.7 volts

With a crocodile clip short the band switching pin to ground. Check
the following voltages with respect to ground.

7.3.5 Base of TR102 for 4.8 +0.2 volts

7.3.6 Base of TR103 for less than 0.6 volts

T.4 T! check oscillator output power and frequency range.

The following tests should be made with board not in extrusion and not

near any conducting surface.

.7.4.1 Switch off the +15 volts supply and remove shorting clip

from band switching input.

7.4.2 Solder a suitable co-axial lead to the local oscillator Jtput.
Connect this lead to the UHF spectrum analyser.

7.4.3 Comnect the varactor control pin input to ground with a shorting
clip and switch on the +15V supply. Check for output frequency between
4TOMEzZ and 500MHz and level of 10dBm and 14dBm

Tede4 Switch off +15 V supply. Connect varactor control input to 20V +0.1V
and switch +15V supply on again. Check for output frequency between
690MHz and 740MHz and leV'e#f 10dBa and.14dBm.

T.4.5 Connect shorting clip to band switching input. Check for output
frequency between 910MHz and 950MHz and level of 10dBm and 14dBm

T.4.6 Comnect shorting clip to varactor control input,

Check for output frequency between 680MHz and 720MHz and level & ’-
10dBm and 14dBa,



8. SYNTHESIZER BOARD 3 OF 0S3/509

The following tests are carried out on board 3 prior to fixing in
extrusion,

8.1 To check current consumption

8.1.1 Taking care to connect the correct pin, connect flying leads to
the +15V pin and ground. Connect up a bench power supply, switch on and
check that the current taken is 350mA + 20mA,

8.1.2 Connect flying leads to the +28V pin and ground from a second

PSU and check that the current consumption does not exceed 120mA (may
lie anywhere between?OmAto 120mA dependent on ambient temperature.

8.2 To check voltage regulators

8.2 Check that the following voltages are present with respect to g;round.
(1) IC301 PIN 1 5 +0.2VOLTS

(11) IC317 PIN 1 5 +0.2 VOLTS

(iii) 1IC309 PIN 14 5 +0.2 VOLTS

8.3 To check reference oscillators

8.3.1 With an oscilloscope check that the signal seen

(1) at TP312 is 5MHz (period 0.2HS) and greater than 6V p-p

(i1) at TP303 is 6MHz (period 0.167:S) and greater than 6V p-p

8.4 To check 18t local Oscillator divider chains,

8.4.1 Connect UHF signal generator via temporary lead connected to
copper track marked 'DI 1'. Set amplitude to -10dBm and frequency to
511MHz . “Insert test socket (made to DSK ) into PLW and connect
its flying lead to ground. (This sets IC303 to divide by 64).

8.4.2 Check that TP304 is at a voltage greater than 25V,

8.4.3 Change input. frequency to 515MHz..

8.4.4 Check that TP304 is at a voltage less than0.6V.

If these £ésts fail check the output of each divider in reference and programmed
chains and also the phase comparator.

8.5 To check 2nd local Oscillator divider chains

8.5.1 Connect signal generator to 'DI 2' and set amplitude to -10dBm



and frequency to 511MHz insert test socket into PLX and comnect flying
lead to ground.

8.5.2 Check TP313 for 25V or greater.

8.5.3 Change frequency to 513MHz.

8.5.4 Check TP313 for .6V or less.

8.6 To check Carrier Locking divider chainsg

8.6.1 Connect signal generator to copper track marked 'CT 1'y using leads
less than 300mm. Set level to -12dBm and frequency to 40,5MHz.

8.6.2 Check TP309 for 25V or greater.,

8.6.3 Set frequency to 41MHz,

8.6.4 Check TP309 for0.6V or less.

8.7 To check frequency pulling of 6MHz oscillator

8+7.1 Connect high impedance frequency counter to TP303.

8.7.2 Repeat frequency inputs of previous test.
8.7.3 Check frequency at TP303 to be 5.999MHz or less and 6.00MHz or more
respectively.

9. SYSTEM TEST OF DUAL UHF OSCILLATOR 0S3/509

9.1 Complete the assembly of the inspected boards and box as for

D 49993 A1, Note that only the M3 screws shown should be fitted (the
extra holes are maintenance spares). The M4 screws holding down
boards 1 and 2 should be fitted after the M3 ascrews.

In addition the synthesiser board 3 should be temporarily held down
by two Md\écrews, nuts and washers to the extrusion.

9.2 To check current consumptions

9.2.1 Taking care not to reverse the +15 volt and + 28 volt rails, apply

+15 volts to the unit from a benéh PSU and check that the current consumption
is 530mA + 30mA,

9.2.,2 Apply, from a second bench PSU +28 volts to the unit and check

the current consumption is less than 120mA,

9.3 To check SMHz reference oscillator ouput level

9¢3.1 Connect BNC output from monitor box to modulation meter.



9.3.2 Measure frequency to be approximately SMH=z,
9.3.3 Measure power level to be 110 + 3033/4/-9\/

9.4 To set SMHz reference oscillator to correct frequency

9.4.1 Wait till umit has been switched on for 30 minutes to allow oven
to stabalise,

9.4.2 Commect ENC output from monitor box +o frequency counter.

9.4.3 Adjust Potentiometer on monitor box till frequency is S5MHz
+ 1Hz,

9.5.4 ¥o check fregquency setting of 2nd ILocal oscillator

9+5.1 Connect bench power supply, test box TE1/38 and 0S3/509 as shown

in diagram, Solder wires from power output of TE1/38 to the +28V and
+15V input of the 0S3/509 taking greately care not to reverse them,

Flug the 'D' connector from the 0S3/509 into thgéest box.,

9.5.2 Connect the output of the 2nd Local oscillator via a 6dB splitting
pad to the modulation analyzer (EP8901) and the spectrum analyzer

(e.g. EP8554L).

9.5.3 Us ethe push button switches on the TE1/38 to step through channels
21 to 38 inclusive on the output (2nd) Local OscilTator. While doing

this observe the output on the spectrum analyzer for spurious oscillations
and check the frequency using the modulation analyzer to be 512MHz rising
to 648MHz in SMHz steps. Check also that the output of the oscillator

is greater than 9.5dBm (3.5dBm at input to either spectrum analyzer or

iy

R



mdulation meter) for all channels 21 - 38, If this is not achieved

make the following extra checks.

(a) TIs any output present? If not the fault is on board 2 or its wiring.
(b) 1Is the frequency below 500MHz? If so the most likely cause is a
short on either the control voltage inp't to board 2 or on the divider
output. .

(¢) TIs the output unstable? If so increasing R207 to increase damping
may stop spurious oscillation.

9.6 To check phase noise performance of 2nd Local Oscillator

(9.6.1 EKeep the bench power supply test box '!E1/38 083/509 spec trum
analyzer and modulation meter connected as in previous test.

9.6.2 TPlace the whole unit- on a mat of foamrubber to isolate it from
mechanical vibration.

9.6.3 Connect signal generator to PLA and apply an input of-6dBm at
40.5MHz, This is to prevent spurious oscillation of IC310 which occurs
if no input is present and can cause some degradation in phase noise
performance,

9.6.4 In the following tests the input channel selected on the TE1/38

should always be different from the output channel. Flease note that
selections less than channel 21 cause a default to chammel 21 and selections
over chamnel 69 cause a default to chanmel 69,

9.6.5 Seleé¢t chammel 21 fOJ the output channel to set the 2nd local
oscillator to 512mz.11easu:efming th7modulation analyzer the phase
noise to be less than :- '

(1) 0.020 radians average in a bandwidth 300Hz to 20kHz

(11) 0.013 radians average in a bandwidth 300Hz to 3kHz.

If not adjust R207 on board 2.

9.6.7 Select channel 38 for the output channel to set the 2nd local
oscillator to 64MHz.

9.6.8 Measure using the modulation analyser the phase noise to be less
than:-
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(1) 0.021 radians average in a bandwidth 300Hz to 20kHz

(ii) 0.017 radians average in a bandwidth 300Hz to 3kHz

If not adjust R207 and repeat tests 2.6.5 to 9.6.8.

If these phase noise figures cannot be achived listen to the modulation output of
the modulation analyzer for any obvious tones. Otherwise consider
changing D202 after doing tests 9.6.9 and 9.6.10.

9.6.9 Set the output to channel 39 which sets the 2nd local oscillator
to 656MHZ and measure the phase noise to be less thani-

0.023 radians overagle in a bandwidth 300Hz to 20kHz

0.017 radians average in a bandwidth 300Hz to 3kHz

If not adjust R205 on board 2.

9.6.10 Set the output to channel 69 which sets the 2nd local oscillator
to 896MHz and measure the phase noise to be less than:-

0.030 radians average in a bandwidth 300Hz to 20kHz

0.027 radians average in a bandwidth 3ookHz

If not adjust R205 on board 2 and repeat test 9.6.9.

If these phase noise figures cannot be achieved listen to the output of

modulation analyzer for any obvious tones. Otherwise consider changing
D201. .

9.7. To check the frequency setting of the 1st Local Oscillator

9.7.1 Connect the output of the 1st Local Oscillator via a 64B

splitting pad to the modulation analyxer (HP8901) and the spectrum analyser
(EPSS54L) -

9.7.2 TUse the push button switches on the TE1/38 to step through channels
21 €0 38 inclusive on the input (1st) Local Oscillator. While doing

this observe the output on the spectrum analyser for spurious oscillations
and check the frequency using themodulation analyser to be 512MHz rising

to 64MHz in SMHz steps. Note that since the &MHz reference is not locked
during this test the frequencies may be out by as much as 250kHz.

Check also that the output power level is greater than 9,5dBm.



90704 Use

9.7.3 %The damping resistor for the band IV oscillator is R107.

the push button switches on the TE1/38 to step through channels 39 to 69
inclusive on the input(1st) Local Oscillator. While doing this observe
the out'put on the spectrum analyser for spurious oscillations and check
the frequencies using the modulation analyser to Be 656MHz rising to
896MHz in 8MHz steps note that the frequency error may be up to 200MHs.
Check that the output of the oscillator is greater than 9,5dBm.

The damping resistor for the bdand V oscillator is R105.

9.8 Ta check carrier locking circuit

This circuit gives fine frequency control of the 1st Local Oscillator.

9.8.1 Connect the test items as shown in diagram:-
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9.8.2 Set the signal generator frequemey to 471.25MHz at an output level of
+7dBm. Set the offset switch on the test box TE1/38 to '0' and the input
channel to 21,

9.8.3 TUsingthe modulation analyser check that the frequency is 512MHz
within the limits of accuracy of the signal generator frequency and

modulation meter. This is about +1kHz,
9.8.4 Measure current from filtexcon C6 to ground to be 10+2mA,
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9.8.5 Set the offset switch on the test box TE1/38 to '+' and check that
the frequency falls from '512MHz' by exactly o 0. Set the offset
switch on the test box TE1/38 to '-' and check that the frequency rises
from the original '512MHzt by exactly 5223;.

9.8.7 Set the offset switch on the test box TE1/38 to '0', Set the
signal generator to 471.15MHz and check that the current measured

at filtercon C6 is still 10mA.

9.8.8 Set the signal generator to 471.35MHz and check that the current

measured at filtercon C6 is still 10mA.

f" 9.9 To check phase noise performance of input (1st) Local Oscillator

9.9.1 Keep equipment connected as in previous test and in followiné tests ensure
that the output channel is different from the input channel.

9.9.2 Set input channel to 21 and offset to '0'. Set signal generator

to 471.25MHz and output level of +7dBm.

9.9.3 Measure the phase noise to be less than:-

(1) 0.020 radians average in an bandwidth 300Hz to 20kHz

(ii) 0.013 radians average in a bandwidth 300Hz to 3kHz.=

If not adjust R107 on board 1.
{qm 9.9.4 Select channel 38 for the input channel and set the signal generator
' to 607.25MHz. Measure the phase noise to be less thani-

(1) 0.021 radians average in a bandwidth BooHz to 20kHz

(i1) 0.017 radians average in a bandwidth 300Hz to 3KHz

If not adjst R107 to board 1 and repeat previous test.

9.9.6 Set the input channel to 39 and the signal generator to 615.25MHz,

9.9.7 Measure the phase noise to "he less thani-

(1) 0.023 radians average in a bandwidth 300Hz to 20kHz

(i1) 0.017 radians average in abandwidth 300Hz to 3kHz

9.9.8 If not adjust R105. Set the input chamnel to 69 and the signal

generator to 8,55.25MHzZ.

9.9.9 Measure the phase noise to be less than:-
(1) 0.030 radians avarage in a bandwidth 300kHz to 20kHz



(i1) 0.027 radians average in a bandwidth 300Hz to 3kHz.

If not adjust R105 and repeat previous test.
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