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UHF Power Amplifier AM14/561

PRODUCTION TEST SCHEDULE

1. DESCRIPTION

This is a broadband, high gain amplifier with a directional coupler and
AGC circuit to regulate its output power. It was designed as part of
the UHF TV Transposer TM4M/503. The gain of the amplifier is fixed and
its output power is regulated by using the AGC output to drive the PIN
diode attenuator in an IF amlifier AM21/506. The AGC reference
voltage, which determines the output power, is derived from an external
potentiometer and an output is provided for an external LED to indicate
that the power is normal, (i.e. that the output power is being limited
by the action of the AGC). The range of the AGC output voltage is
limited to a value determined by a second external potentiometer, in-
order to limit the overall transposer gain. Both potentiometers and
the LED are earthed at one end.

The unit is housed in an extruded aluminium box with two compartments
and two snap-on lids. The amplifier consists of an Engelbrecht hybrid
stage giving 25dB gain in one compartment followed by two single ended
transistor stages and an Engelbrecht transistor stage in the other
compartment. The second compartment also has the AGC circuit, mounted
on a separate PCB.

2. INFORMATION

2.1 Design Section - Radio Frequency

2.2 Designers — M.T. Ellen and R.J. Hart

2.3 Engineer Responsible - M.T. Ellen

2.4 Handbook — Part of the UHF TV Transposer TM4M/502 Handbook
No. 5.156(81).

2.5 Technical Instruction - Not available lst January 1981.

2.6 Pre-production Batch - This Production Test Schedule has been
tested on a pre-production batch in Designs Department

3 MANUFACTURING PERFORMANCE SPECIFICATION

3.1 Input Requirements

3.1.1 UHF signals between 10 and 1000MHz at levels up to —20dBm.

3.1.2 Maximum gain control resistors switchable between 20k
fixed and 50k variable connected between C4 and earth
(part of TE1/38).

DDMI No. 5.393(81)
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3.2

3.3

3.4

4.2

4.3

3.1.3 Output power control resistors switchable between 16kQ
fixed and 250kQ variable connected between C3 and earth
(part of TE1/38).

Qutputs

3.2.1 UHF signal with a level up to +33dBm between 470 and 860MHz

3.2.2 DC signal from 3 to 25 volts (at least) to control the
level of the UHF input to the amplifier, in order to

regulate its output power.

3.2.3 Current output of +10mA to drive 'power normal' LED
(cathode earthed).

Power Supply

+28 *0.5 volts at 1.5 0.1 amps.

Performance

Gain of input stage IC101 and IC102:- 25 *2dB.

Gain of driver stages TR201 and TR202:- 20 *1dB.

Gain of output stage TR203 and TR204:- 9 *1dB.

Overall gain:—- 54 *3dB mean, with *1dB gain variation from 470 to

860MHz

Input return loss:- 2>16dB.

3-tone intermodulation at +33dBm:- <-53dB

Vision to sound crossmodulation at +33dBm:- <9%.

Output return loss:— >12dB.

Output power AGC range:- <+23 to >+34dBm.

Value of resistor connected to C3 for +33dBm output:— 16kQ.

AGC output polarity - low voltage for high gain.

AGC output voltage limiting - +3 to +26 volts. (The resistor
connected to C4 sets the lower voltage limit).

WARNING
UHF power transistors TR201, 202, 203 and 204 contain beryllium.

No voltages above 50 volts dc or 30 volts ac are connected to this
unit.

The UHF output (PLG) must be terminated when power is applled, see
handbook. No. 5.156(81) for further information.

TEST APPARATUS REQUIRED

Power supplier, adjustable O to 28 volts and 0 to 2 amp current
limit.

Spectrum Analyser, 10 to 1200MHz (with storage normaliser if possible).

Tracking Generator, 10 to 1200MHz.

Power Meter.

UHF 3-tone Generator 470 to 860MHz with 1P <-70dB.
Variable Attenuator, 0 to 40dB in 1dB steps or less.
Attenuator, 30dB, 5 watt, 500 (calibrated to *0.1dB accuracy).
Precision Attenuator, 10dB, 250mW, 50Q.

Coupler, 20dB, 50Q.

DVM.

PIN Diode Attenuator test jig to sketch DSK 2404 A4.
Transposer Tester TE1/38.

Socket, 25-pole miniature 'D'.

2 off 50Q termination, 1 watt.
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6.1

6.2

6.3

6.4

6.5

6.6

6.7

ik

INSPECTION CHECKS

Check that the amplifier has been manufactured satisfactorily in
accordance with the drawings. 1In particular check that:-

All the chip capacitors are soldered properly and that ﬁhey are
not cracked or shorted.

All the coupler wires are correctly terminated with very short
leads.

All the power transistors are mounted without strain on their
leads or ceramic package, using Dow Corning 340 heat sink compound
and nut tightened to a torque of 8+0.5kg cm.

All the variable capacitors except C217, €236 and C237 are mounted
with their rotors earthed and with very short leads.

The top of the triplate 20dB coupler is fixed as close as possible
to PB No. 2.

The input and output leads are earthed correctly.

FB201 and FB202 are fitted.

TEST PROCEDURE

See warning, section 4.3.

To Check Current Consumption

7.1.1 Counnect the variable power supplier to Cl (+ve) and the
chassis. With the current limit set to 1.7 amps gradually
increase the voltage to +28 volts and check that the
current consumption is within the limits given in 7.1.2.
If the current 1s outside these limits do not increase the
voltage further and read section 7.1.3.

7.1.2 10 volts:- 150 #50mA
20 volts:-— 1100 *100mA
28 volts:~ 1500 *100mA

7.1.3 Check that the voltage at the following points is greater
than 0 volts- if not follow the instruction in brackets.

7.1.3.1 Cl (isolate supply to each PCB in turn then
examine faulty PCB for short to earth).

7.1.3.2 1IClOl and 104 pin 4 (check for o/c resistor or s/c
amplifier or capacitor).

7:1.3.3 " -TR201 base (check for shorts around base bias
components and o/c in R204).

7.1.3.4 TR201 collector (check for shorts around collector
bias components).

7.1.3.5 TR202, 203, 204 (as for TR201).

DDMI No. 5.393(81)
Sheet 3 of 13 sheets




sue |

«3.82

1
|

without the written permission of the Corporation.

British Broasdcasting Corporation and may not be
reproduced or disclosed to a third party in any form

This drawing/specification is the property of the.

7+.2° To Check RF Continuity
Test set up:
Figure 7.2.1
PSU
AM14/561
+28v 0OV
—— ® ®
(l
30dB x -20dBm
SW TRACKING GEN.
——{ Alten;

S
SPECTRUM: o
ANALYSER

s £

Oxley capacitor
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7.2.1 Pre-set the trimmer capacitors so that the vanes are
ntermeshed to the approximate values shown in Figure
10222
Figure 7.2.2
1 1
@ m ROXO,
/ 1
o 2l[1<® @ X"
Y26 @
/ 2
1
1 2
V. 3 .
7} fully meshed.
= @1
@, | ,
20 *2dBm (470 - 860MHz) into the AM14/561 amp and
that the gain exceeds the limit given 'in 7.2.2.
\
Fe2.2 - 50dB.
7.2.3 1If alwost no signal is present at the amp O/P check:
1e2.3. Link LK1 between the hybrid amp stage and the

first transistor stage (copper tape on board 2),
link LK3 between the output stage and the triplate
coupler (copper tape on board 2).
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7.2.3.2 Chip coupling capacitors (220pF) €204, 212, 224
and 243 are present.

If the signal is present, but low particularly at
LF, try prodding the coupling capacitors with an
insulated rod to see if this produces any change
(chip capacitors can easily be damaged by excess
heat, causing the termination to part company from
the body of the capacitor).

7.3 To Check for Spurious Output or Responses

With the test set up as 7.2 adjust the spectrum analyser sweep to
10 - 1200MHz, and check that there are no spurious outputs or
responses caused by instability.

BBC

DS/SPA4

7.4 To Check Input Return Loss
Warning:- Maximum input level at PLF must be <-20dBm and PLG must
be terminated, otherwise TR203 and/or TR204 may be destroyed.
Test set up:-—
Figure 7.4.1
50~ I 30dB —l AM14/561
TERM _] et
5w :
ATTEN.
DIRECTIONAL P}:gi ggION
‘—-{ 20dB COUPLER
ov ATTEN.
PSU +28
TRACKING
GEN  -10dBm
SPECTRUM
AINALYSERIE=~e
7.4.1 Ensure that the large lid {s fitted and that the output of-

the amplifier is te

nated (stray RF flelds can effect the

return loss display shown on the analyser).

7.4.2 Return loss should be better than 16dB.
7.4.3 1If necessary add extra capacitance to the output port of

the first 3dB coupler as shown.

This 1is most conveniently

achieved by soldering a twidted pair of PUN1/l wires to the
pad and to ground.

Figure 7.4.2

o
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7.5 Alignment of Driver Stage (TR201/2)

Figure 7.5.1
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AM14/561

o |

7fie sl

7.5.2

7.5.3

-10dBm  TRACKING
. GEN.
des ®

2 SPECTRUM |~~~
ANALYSER

30dB 5

{

Ensure that trimmers are pre-set as in Figure 7.2.2 and
that the small 1id is on the hybrid pre-amplifier stage.
Set the analyser to centre frequency 660MHz, 100MHz/div.,
and 1 or 2dB/div.

Calibrate the test system by connecting the 10dB attenuator
directly to the 30dB attenuator as shown above (Figure
7.5.1), adjust attenuators on the analyser to display the
response, and make a note of it.

Reconnect the cables as shown, with cpen ended cable
connected directly to the output of the driver stage in
place of LK2.

Adjust the attenuators to display the frequency response.

Ad just trimmer capacitors (C205, 206), C213, 214), C217 and
C218 to obtain maximum gain consistent with flat frequency
response (taking into account the frequemecy response of the
measurement system noted above). Trimmers bracketed
together should be adjusted so that their capacitances are
approximately equal.

The gain should be 45 *3dB with a variation <t1dB from 470
to 860MHz. Unsolder the cable and replace the copper tape
LK2 .

If the gain is low the fault may be isolated by connecting
the cable to the output of the hybrid amplifier stage in
place of LKl1. i

7.5.3.1 1If the gain of the hybrid amplifier stage is low
(it should be between 23dB and 27dB) check the dc
voltage at: pin 4 ICl and at pin 4 IC2 - it should
be 23 - 24V.

(Failure of one of the hybrid amplifiers (ICl0l or
102) would cause a loss of .gain of about 6dB).

DDMI No. 5.393(81)
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7.5.3.2 1If the gain of driver amplifier stage (TR201/2) is
low (it should be between 19dB and 21dB) check dc
voltages at:

Pin 2 IC201 wrt +28V supply (Pin 1) - should be

-5V 0.3V,

Pin 2 IC201 wrt +28V supply (Pin 1) - should be -
5V 10.3V.

Pin 3 IC201 wrt ground — should be 14 - 21V.

Pin 3 1C202 wrt ground - should be 14 - 21V.

Junction L201/R202 (680Q 2.5W) -~ should be 0.75 -
1.00V.

Junction L203/R206 (6809 2.5W) - should be 0.75 -
]..OOV.

7.6 Alignment of Output Stage TR203/4

7.6.1

7.6.2

7.6.3

Set up the equipment as shown in Figure 7.5.1 but with the
30dB attenuator connected to PLG and link LK2 fitted.

Carry out the procedure as 7.5.1 but adjust the trimmer
capacitors (C221, 230), (c222, 223), (C231, 232), (c227,
236) and (C235, 237) to obtain the specified frequency
response.

Capacitors bracketed together should be adjusted in such a
manner that their capacitances are approximately equal, see
Figure 7.2.2.

The gain should be 54 +3dB with a wvariation of

£+1dB from 470 to 860MHz, when the amplifier is warm, (the

gain at 860MHz can drop up to 0.5dB more than the gain at
470MHz when the amplifier is allowed to warm up from cold).
Put the large 1id on and check that there is no significant
change in frequency response.

If the gain of the output amplifier stage is low (it should
be between 8dB and 10dB) check dc voltages:

Pin 2 IC203 wrt +28V supply (Pin 1) - should be -5V iO.BV.
Pin 2 IC204 wrt 428V supply (Pin 1) - should be -5V *0.3V.
Pin 3 IC203 wrt ground - should Ee 14 - 21V.

Pin 3 IC204 wrt ground — should be 14 - 21V.

Junction L204/R211 (6808 2.5W) — should be 0.75 - 1.0V.
(Failure of one half of the'output amplifier stage would

result in a reduction in gain of about 6dB).

DDMI No. 5.393(81)
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7.7 Re-check for Spurious Outputs
7.7.1 Connect a 502 termination to PLF and connect PLG through a
30dB attenuator to the spectrum analyset.
Sweep analyser from 10MHz - 1.2GHz.
7.7.2 Check that there are no spurious outputs caused by
instability.
7.8 To Check Intermodulation Products (IP's)
Figure 7.8.1
UHF 3 TONE
f VISION GENERATOR

I

:[GdB

f COLOUR

I

IGdB

f SOUND

B

| Power 1 20dB DIRECTIONAL
SENSOR Y COUPLER
: SW ATTEN. el AMI4/561
CALIBRATED
THROUGH ATTENUATION
S [1]] seecrs
L[| specTrRuM I
POWER
FonEr ANALYSER
: 0-40dB
CONTINUOUSLY
VARIABLE
Figure 7.8.2 ATTEN.

-8dB -7dB
-17dB

/P
|
|

e |
|

f21.57-; fc fs

443

DDMI No.

—— 0dB ref. = pk.sync. power

55393(81)
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NOTES

The through attenuation of the directional coupler and 30dB
attenuator should be measured at the frequencies the IP's are to
be checked at (470 - 660MHz and 860MHz) and noted.

If the attenuation 1s exactly 30dB, then the power meter will read
-1.2dBm when the AM14/561 is producing rated output (the peak
envelope rated power is 33dBm, and mean power is 4.2dB below this,
therefore the meter reading should be +33dBm -4.2dB - 30dB).

Take care not to exceed the spectrum analyser's input level when

making measurements (the analyser input attenuator should be
switched to 20dB).

The power meter sensor, 30dB attenuator, andd 20dB coupler should
be connected directly together without cables, and the input to
the coupler should be connected directly to PLG.

7.8.1 Set the three oscillator frequencies as shown in Figure
7.8.1 with fv at 860MHz. Then adjust their relative
levels, to an accuracy of *0.2dB as follows:-

Set the spectrum analyser to 1dB/division, 30kHz
bandwidth, 1MHz/division scan width and 20dB RF
attenuation. Adjust the continuously variable
attenuator on the input of the AM14/561 so that the
amplifier is producing less than rated output power.
Adjust the IF attenuators on the analyser so that the
sound oscillator is in the centre of the screen, then
ad just the level of the vision oscillator to be 1dB
lower; reduce the IF attenuation by 10dB and adjust
the level of the colour sub-carrier oscillator to be
in the centre of the screen.

Increase the IF attenuator by 10dB check the levels of
the vision and sound oscillators, then switch to
10dB/division. The oscillators should now be set to -
8dB, -17dB and -7dB relative to peak envelope power
for the vision, colour and sound oscillators
respectively.

Reduce the amplifier input attenuation to obtain +33
t0.1dBm at PLG and increase the spectrum analyser IF
attenuation until the vision carrier is 8dB from the top of

the screen. The level of the IP at fv *1.57MHz should be
ag da 78525

_ \
Repeat the measurement with fv at 470MHz and 660MHz.

7.8.2 Lower than 53dB from the top of the screen. If it is
higher, then read section 7.8.3.

7.8.3 Without adjusting the input level to the AM14/561 measure
the IP values at the output of the driver stage (LK2) and
the output of the hybrid amplifier stage (LKl). They
should be better than -60dB and -70dB respectively.

DDMI No. 5.393(81)
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7.9 To Measure Crossmodulation

7‘9.1

VISION

SOUND

7.9

Connect the test equipment as shown in Figure 7.9.1.

Figure 7.9.1

Calibrate attenuation
from AM14/561 to power

meter
30dB attenuator
T- POWER
AM14/561 _L ; METER
SPECTRUM
ANALYSER

Switch off the sound oscillator and adjust the level of the
vision frequency signal to obtain an output of +33 +(Q.1dBm
from the AM14/561. Set the spectrum analyser to 1 or
2dB/div and adjust its attenuator so that the trace is on
the top line of its graticule. Switch on the sound
oscillator and adjust its level to 7 *0.1dB below the
vision carrier level, but note that the vision carrier may
drop in level due to the effect of crossmodulation.
Increase the level of both signals until the vision carrier
is on the top line of the graticule (i.e. vision carrier at
+33dBm and sound carrier at +28dBm).

Switch off the vision oscillator and set the spectrum
analyser to linear with the sound carrier on the top line
of the graticule. Switch on the vision carrier and measure
the percentage reduction in sound carrier level,

The reduction
9% (typically

{static crossmodulation) should be less than
5%).

7.10 To Check the Peak Detector in the AGC Circuit

Figure 7.10.1

TE1/38
oy 25 . 12 ' Pin number on
o D’ connector.
+28V Control
Voltage
‘ 3
+ SMH &] Ce C4 C3CH)
@t PIN DIODE CALIBRATED it
SIGNAL ATTENUATOR AM14/561 T30 B METER
GENERATOR ATTENUATOR
DDMI No. 5.393(81)
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7.10.1 Set up the equipment as shown above but remove the control
voltage from the PIN diode attenuator. Set the signal
generator to obtain +33 #0.5dBm output from the amplifier
(+3dBm on .power meter). Measure the voltage across R305.

7.10.2 It should be 1#0.3 with the end connected to pin A (nearest
edge of board) positive.

7.10.3 If the voltage is outside this range check the following
voltages:-

7.10.3.1 Pin A (should be +11 *0.5 volts).
7.10.3.2 Pin B wrt pin A (should be -1 #0.3 volts).

7.11 To Check the Temperature Compensation Circuit

7.11.1 With the conditions the same as 7.10 measure the voltage on
1C302a pin-l.

7.11.2 It should be +8 0.5 volts.

7.11.3 If the voltage is outside this range check the voltage
across D303 (should be 0.2 *0.04 volts).

7.12 To Check the Maximum~gain Control Circuit

7.12.1 Switch off the generator output. Set the gain and power
switches on the TE1/38 to 'fixed'. Measure the gain
control voltage on the 'filtercon' C6 (to AM21/506).

7.12.2 It should be +10 *0.5 volts.

- 7.12.3 1If the voltage is outside these limits check the following
voltages:—

7.12.3.1 Pin A (should be +11 *0.5 volts).
7.12.3.2 1IC302b pin 10 (should be +8.5 *1 volts).

7.12.3.3 1C302d pin 12 (should be +4.5 +0.25 volts).

7.12.3.4 1C302d pin 14 (should be +6 +1 volts).

7.13 To Check the AGC Loop and Calibrate the Output Power Control
T

7.13.1 Connect the control voltage to the pin diode attenuator.
Adjust the signal generator output to -10 *+5dBm in order to
. set the PIN diode attenuator within its operating range.
Set the maximum gain switch to 'var' and the control fully
clockwise (max. gain). Measure the output power.

7.13.2 Power should be +33 *0.2dBm.

7.13.3 If the power is +33 *2dBm adjust R316 (if the power is low
reduce R316, approximately 0.4dB change per step in value).
Other wise check the following voltages:-

7.13.3.1 1C303a pin 12 (should be 1 #1 volts).

DDMI No. 5.393(81)
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7.13.3.2 IC303b pin 10 (should be +27 1 volts).

7.13.3.3 1C303a pin 1 (should be 8.6 t1 volts).

7:13.3.4 IC303b pin 7 (@hould be -0.23 *0.05 wrt IC303a pin
l).

7.14 To Check the Output Power Range

7.14.1 Switch the output power switch to 'var'. Adjust the output

power potentiometer over its full range and measure the
maximum and minimum power from the amplifier. Ensure that
the PIN diode attenuator stays within its operating range.

7.14.2 The power range should be at least +34 to +23dBm.

7.14.3 If this range is not achieved check the range of voltage on
IC302b pin 10 (should be at least +7.5 to +10 volts). If
this is correct remove the control voltage from the PIN
diode attenuator and set the output power switch to
'fixed'. The check that the control voltage swings from +3
to +26 volts (at least) when the output power is adjusted
from +32 to +34dBm, using the level control on the signal
generator.

7.15 To Check Closed Loop Qutput Power Variation with Frequency

Figure 7.15.1

— [ 30dB = ]
SPECTRUM
ANALYSER

PIN- 2 TRACK!NG
AM14 /561 DIODE - 6dBm GENERATOR

ATTEN.

C5 C3 C4 C6
| Bl

1 B V CONTROL

A}

!
|

AGC
IN

RANGE TE1/38

7.15.1 Switch TE1/38 to fixed power, and maximum gain control to
‘var' with pot fully clockwise (power mormal LED should be
lit). Set analyser sweep speed to very slow, (i.e., 2
sec./div.), and 50MHz/div. with 660MHz as centre frequency.

Calibrate the system by disconnecting the 30dB attenuator
from the AM14/561 and reconnecting it directly (without a
lead) to the tracking gen. Not the. variation in response

DDMI No. 5.393(81)
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71552

7.15.3

from 470 - 860MHz (due to attenuator, lead and analyser).
(NB AGC system will automatically compensate for frequency
response errors due to input cable etc.).

Reconnect the 30dB attenuator as shown in Figure 7.15.1
and observe the response.

The variation should be less than *0.75dB from 470 -
860MHz, taking into account the variation noted in 7.15.1,
if it is not see section 7.15.3.

Check the video detector circuitry on board 2 and check the
mechanical fixing of the triplate cover on the 20dB
coupler.

DDMI No.5.393(81)
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