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Note you will be required to cut off sections of a
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when mounting all PCB boards into the case.
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Here’s an outstanding new high performance FM transciever design for either mobile or base
station use on the 144-148MHz amateur band. It features full PLL frequency synthesis, 24
memory channels with repeater shifts, selectable output of either 26W or 5W, tuning steps of
either 5kHz or 25kHz, protection against excessive SWR and a microcontroller to simplify
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operation.

Microphone not included.

This is a brand-new multichannel
FM transceiver design for the 2-
metre amateur band, intended
specifically for home construction.

The design is from the R&D
people at Dick Smith Electronics.
Judging from the prototype we’ve
inspected, though, they’ve gone to a
great deal of trouble to ensure that
it’s both easy to build and an
impressive performer.

Incidentally the last multichannel
2m FM transceiver design described
in EA also came from DSE. This was
the very popular “Commander”
design, published back in the June-
July 1984 issues. A great many Kkits

were sold for that design, and as a
result DSE has been spurred to come
up with a new and updated design.

The newdesign is by no means just
a “revamp’ of the 1984 Commander
design. It’s completely new, and
designed to take advantage of the
latest components and circuit
techniques.  This  makes it
significantly easier to build than the
earlier design, while atthe same time
offering more features and higher
performance.

As you can see from the
specification panel, it covers the full
144-148MHz band with selectable
tuning steps of either 5 or 25kHz.

Text and illustrations courtesy of Electronics Australia

You can also offset the transmitter
frequency for repeater operation, by
either -600kHz or +600kHz. And 24
of your most common operating
frequency channels can be
programmed into the memories
(with offset), for instant recall.

Transmitter output can be switched
between 5W and a husky 25W, while built
in protection circuitry shuts down the PA
stage to prevent damage from high
antenna SWR. The output is also very
clean, with spurious components lower
than -60dB.

Performance of the double
conversion receiver section is also
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PARTS LIST

Please check all the parts in this kit against the parts list. in the unlikely event of a part being missing or incorrectly supplied,
you must use the Quality Control Card included with your kit. You can send the card directly to the Kit Department at Head]|

Office or drop it in at your nearest Dick Smith store.

Resistor

ReSiStor 2.20NM VaW.....oooiiiiiieiieieeeeeee e

Resistor 4.7ohm Vaw.
Resistor 100hm Vaw..
Resistor 150hm Vaw..
Resistor 33ohm aw..
Resistor 47ohm Vaw..
Resistor 100o0hm Vaw
Resistor 180ohm Vaw
Resistor 2200hm Vaw
Resistor 3300hm "aw
Resistor 470o0hm Vaw
Resistor 560ohm Vaw
Resistor 680ohm Vaw
Resistor 1Kohm Vaw ........c..ccooeeeeen.
Resistor 1.5Kohm Vaw..
Resistor 2.2Kohm Vaw ..
Resistor 3.3Kohm Yaw ...........cccoveuvvueeeeeennnn.
Resistor 3.9Kohm YaW.........cocccoeveevevvennennen.
Resistor 4.7Kohm Vaw ..
Resistor 5.6Kohm "aw ..
Resistor 6.8Kohm Yaw..
Resistor 10Kohm Yaw ...
Resistor 15Kohm Yaw...
Resistor 22Kohm Yaw ...
Resistor 33Kohm "aw...
Resistor 39Kohm Vaw ...
Resistor 47Kohm aw ...
Resistor 56Kohm Yaw ...
Resistor 68Kohm aw ...
Resistor 82Kohm Yaw................
Resistor 100Kohm Yw..............
Resistor 220Kohm Yaw.
Resistor 270Kohm Vaw ....
Resistor 1meg ohm Vaw
Trimpot 100ohm
Trimpot 2000hm
Trimpot 5Kohm .
Trimpot 10kohm
Trimpot 50Kohm
Trimpot 100Kohm

‘ Capacitors

CeramiC TPf ..o

Ceramic 2.2pf
Ceramic 3.3pf
Ceramic 4.7pf..
Ceramic 5.6pf..
Ceramic 6.8pf
Ceramic 10pf
Ceramic 12pf...
Ceramic 15pf...
Ceramic 18pf...
Ceramic 22pf...
Ceramic 27pf....

bhjobibabhbbhiohbiohiobhinte
L

Lo

Ceramic 33pf...
Ceramic 39pf...
Ceramic 56pf
- Ceramic68pf......

Ceramic 82pf......ccccceeueee
Ceramic 150pf.

CeramiC 270PF ...i ettt .
Ceramic TNf/.00TUF oo

Ceramic 2.2nf/.0022uf .
Ceramic 10nf/.01uf ......
Ceramic 100nf/0.1uf ...

Monolythic 1.0uf .
Trimcap 9.8-60pf (BroWN)....c.cocuieuierrreeeecee e
Trimcap 4.2-20pf (Red or Pink)

TANBIUM TUF BBV ovroeoeeoeeeeeeoeos oot -

Tantalum 10uf 25v....
Tantalum 22uf 16v.
Tantalum 33uf 10v.
Electro 220 uf 16v...
Electro 330juf 25v...

ElECro 470UF T6V..uiioveeeeeeeeieeeceeceeeeee et .

Semiconductors

Diode TNOT4/TNAT48. ...

Diode 1N4002/4 .......
Diode 1N5402/4/8..............

Btk b (O - O NN
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[er}

e
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Components

Hardware

Miscellaneous

Diode MIBOT ... 4

Transistor BC548/DS548/BC108 ........ccoeeveveueeeeieeeeeieeeeeeeenas 12
Transistor BC558/DS558............wurueieeeirreeseesieseeeeeeeeseesseseeseone 6
Transistor BC328/BC327 ...
Transistor BC338/BC337 .
Transistor TiP 2B ..ot e
Transistor 28K 125 .....iciiieiee et
Transistor 25C 2407..
Transistor 2SC 1923..
Transistor BF 987 ...t s
Regulator LM 78L05........coci ot 1
Regulator LM 7805.
Regulator 7808........
Led Display LT 313 ..cccovceeveeriene
Led Red Rectangular ...

IC 4028.................... A
IC 4511... W
IC LM 3914 e 1

IC M 54959P PLL....
IC M 57737 25w PA
IC 68705 Prog. IC

RF Choke 10uh

XTAL Filter 10.7mHz ....coccveeinn .2
XTAL 10.245mMHZ....ocovecveeeecee .1
XTAL 10.240mHz................. .1
Coil 10.7mHz TRIOMAO 15s . .2
Coil 150mHz Red COil .........ccevveiiian .
Coil 455KHZ ..c.eoeveeevee e .
Ceramic Filter CFW 455 ....c.ccovieieeceecreee e 1
MiC PIUG BPIN oottt i sis e e saen s sne s e 1

Mic Socket 8pin... 1
Ant UHF Socket... .
Knob (small) .....cceevevvennens .2
Knob (1arge)....ccccceeeeveveneee.. 1
Pot Mini 5K/10K(switched) .............. 2
Rotary Switch Digital Encoder CB22.. .
Socket 3.5Mm Panel ..ot e 1

Socket 1C 28pin Dil......iiiiiiii i 1
Socket IC Strip of 32 machinepins.
Switch Pushbutton Momentary ....
Fuse Holder inline 3AG..........
Fuse 3AG 10Amp
Battery Snap.....
PC Pins...........
Silicon Grease.....
Rubber Grommet ...
SPACETS...cvivvreeererieecenireenies
Mounting Bracket Support.
Wing NUtS ..o
Screws,Nuts & Washers 10 sUit..c.cccocoveveeinnnennen.
Red Translucent Film ...,

Heatshrink Tubing..
Teflon Cable......cccovecieiieireeteeee et

Tinned Copper Wire...
Rainbow Cable........

En/copper Wire...
Fig.8. H/up Wire
Tinplate Cover 42x127mm..
Tinplate Bracket(R) 31x42mm...
Tinplate Bracket(L) 31x42mm ...
Tinplate Cover 61x80mm.
Tinplate 15x50mm.........
Tinplate 21x78mm.........
Tinplate Cover 36x78mm.
Tinplate 15x25mm.. ..
TINPIate 21X47 MM ciiiieeieee et

PCB (Main BOard) ....cccooeveieieeiiciecieeeeeeee ettt
PCB (CPU board)......
PCB (Display board) .
PCB (Amplifier board) ..
Plastic Case...............

Speaker ............
Mounting Bracket...
Heatsink .......

Diode BB40S5....................... Front Panel ....c...ccocevevvviecnnecnnneenns

Diode MI407 .... Back Panel.... .

Diode MCB0T ..ottt e 1 ISETUCTIONS e e cvereeeeesesee e sr s esee e saeseesn s b e s e b et
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Component pinouts

MC 301 M 1301
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OUTPUT (2) INPUT (1)
o€
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B c E
E . C B .ﬁ E C C ) B
K
A
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LED
\ Bottom View
c G1
O COMMON’ {5}
S G2
_ w 5
Bl : E ,NPUT’ \‘ OUTPUT
COMMON
TIP32B 7805/7808 BF 981
\ Top View

4028/4511/1LM3914/MC3357/M54959P /68705

o Y

imimininlinSnl
WU U LD
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Design summary

In common with most of today’s com-
mercial multi-channel tranceivers, the
new design features PLL (phase-locked
loop) frequency synthesis, under the
control of a dedicated single chip
microconiroller. The microcontroller’s
functions include reading the front panel
switches and the two-phase rotary en-
coded channel switch, driving the fre-
quency and memory displays, storing
memory channel information and con-
trolling the PLL synthesizer via a three-
wire serial bus.

The design employs a single PLL con-
trolled VCO, used for both transmit and
receive. In the receive mode the VCO
acts as the first local oscillator, and
operates 10.7MHz below the re;ceive_d
frequency. When transmitting, 1t
operates directly on the transmit frequen-

cy, being modulated by the audio signal
from the microphone amplifier. The out-
put signal from the VCO is fed to the RF
sections of the transceiver, where it is
switched to either the 1st mixer, when
receiving, or the transmit driver when
transmitting.

In the receiver, the narrow-band IF
amplifier employs an indusiry standard
amplifier/demodulator IC. The AF
amplifier is a simple design using dis-
crete components.

To allow you to get a good
understanding of the new transceiver’s
operation, the first part of this Instruction
manual will be devoted to a detailed look
at the various sections of the circuit
schematic. Then we’ll start on the
construction and assembly, which is
organised in easy test-as-you-go stages.

Fig.1 shows the overall system design

Text and illustrations courtesy of Electronics Australia

of the transceiver. Although there’s a fair
bit in it, understanding how everything
works is not difficult as long as you take
it in stages. As you can see, it consists of
nine main circuit sections — most of
which are operational in both receive and
transmit modes. These will now be dis-
cussed in turn, starting with the power
supply and regulators.

Power supply

The transceiver as a whole is designed
to operate from a nominal 13.8V DC
negative-ground supply, as found in
most modern cars or provided by many
readily available DC power supplies. It
draws about 500mA on receive, and 6A
when transmitting in high output (25W)
mode.

The internal power supply circuitry
(Fig.2) uses the +13.8V input to derive

Page 5



Block Diagram
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Fig.1: The block diagram for the New 2m FM Transceiver looks complicated, but we take it section by section...
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the +5V and +8V supplies needed for
many of the circuit sections, via standard
3-terminal IC voltage regalaiors.

Regulator U901 supplies a +5V rail for
the microcontroller only. This supply rail
is a crucial one, because if it fails the
CPU will lose all data from its internal
RAM. When this occurs all frequencies
programmed into the memory channels
of the transceiver will be lost, and on
power-up the transceiver will defanli to a
frequency of 147.000MHz.

To avoid this, the transceiver has con-
nection for an optional 7.2-9V recharge-
able backup battery.

This battery is connected to the input
of U901 via D902, when no external
supply is present. If the external +13.8V
is connected to the transceiver, D902
will be reverse biased and the battery
will be charged via R901 (the charging
current is about 5mA). Series diode
D901 prevents the battery from supply-

ing other circuitry if the external +13.8V
is not connected and the power switch is
closed. Regulator U902 produces a
separate +5V rail, for other sections of
the controller circuitry.

A supply rail of +8V is produced by
regulator U903. This is switched to the
receive or transmit circuitry respectively
by Q901 and Q902, which are switched
in a complementary fashion according to
the state of the microphone’s press-to-
talk (PTT) switch. The ‘transmit’ rail
(T8V) will actually be a litile lower than
8Y, due to the saturation voltage drop of
Q901 (a few hundred millivolts), while
the ‘receive’ rail (R8V) will also be
lower because of the saturation voltage
and base-emitter voltage drop of Q902.

The PTT line controls the base current
of these transistors via D903 and D904,
to perform the supply switching, as well
as controlling the level on the TX-bar
line via D905. The latter is connected to
the microcontroller, to switch it between
transmit and receive modes.

Controlier/display

Now let us look at the transceiver’s
‘brains’ — the controller/display section,
which includes the CPU and display
boards and covers the controller itself,
the control input sensing and the cir-
cuitry for displaying frequency, signal
level and functions. This is all shown in
the schematic of Fig.3.

The microcontroller employed (U701)
is an 8-bit 6805 type, with 2 kilobytes of
internal EPROM and 128 bytes of RAM.
The CPU is preprogrammed to drive the
7 segment displays, scan the front panel
switches, memorize frequently used
channels and control the PLL frequency
synthesizer.

A multiplexing system is used to drive
the numeric displays, via seven of the
CPU ouinut pins (20-26). The segment
data for the displays (in BCD format)
appears on pins 20-23, while the digit-
select address is fed out via pins24-26 in
3-bit binary code. The segment data is

decoded by U703, a 4511 7-segment
decoder, to drive the display common
segment lines via current limiting resis-
tors R717-723. Similarly the digit ad-
dress is decoded by U702, a 4028
1-0f-10 decoder (used here as a 1-of-6)
and used to select the 7-segment displays
in turn via digit driver transistors Q702-
707.

This same basic multiplexing sysiem
is used to allow the CPU to control the
six status LEDs D711-716, which are
used to indicate repeater offset, on-air,
low power mode and so on. This is done
by an eighth control output, produced by
the CPU on pin 27 and used to select the
LEDs via Q701. The status LEDs are
thus treated as if they are an ‘additional
segment’ of the main 7- segment dis-
plays — an elegant and efficient solu-
tion.

As if that isn’t enough, though, the
multiplexing system is also used for
sensing of the six input pushbutton
switches (SW701- 706). These are used
to control functions such as memory
channel writing and recall, low/high
power switching, tuning step selection,
repeater offset and so on.

As you can see from Fig.3, the
switches are connected to the decoded
digit-select outputs from U702, so that
one side of each switch is taken in turn to
logic ‘high’ level during the display mul-
tiplexing cycle. The other sides of all the
switches are connected together and
taken to pin 19 of the CPU, which is thus
able to ‘scan’ the swiiches at the same
time as it’s updating the displays.

The state of the rotary encoded chan-
nel switch (RE701) is sampled separate-
ly by the CPU via pins 17 and 18.
Similarly if a microphone having UP and
DOWN buttons is used with the
transceiver, the state of these buttons is
read by the CPU on pins 16 and 15. Pin
10 is also a dedicated sensing input, used
to allow the CPU to monitor the state of
the receiver section’s squelch gate (so
that it knows when to ‘stop’ during scan-
ning).

If the CPU detects a change on any of
the control inputs, the internal ROM
firmware jumps to subroutines which
perform the required functions — such
as sending new serial data to the PLL,
changing the display data and so on.

A separate bar-graph LED display is
used for the signal strength and power
output ‘meter’ (S&PO meter). Here the
10 LEDs (D701- 710) are driven by
U704, an LM3914 linear LED driver IC.
This has been used rather than a logarith-
mic type, because a quasi- logarithmic
response is provided by the receiver cir-
cuitry.

In AM and SSB receivers, received
signal strength has a direct effect on the
signal/noise ratio. But in FM receivers,
S/N ratio is more a function of the
demodulator performance — some good
FM receivers can produce the same
audio quality at input signals as low as
1uV, as they can with input signals in the
millivolt range. Assuming that ‘S0’ on
the meter corresponds to 1uV, and each
S-point corresponds to a 6dB increase,
there may thus be little difference be-
tween ‘SO’ and ‘S9+40dB°.

Many FM tranceivers of Japanese
origin typically require only 10- 100uV
for a full scale S-meter reading, and our
design provides similar performance —
albeit with greater resolution than much
of the current commercial equipment.

The VCO and PLL

The schematic for the voltage-control-
led oscillator (VCO) and PLL section of
the transceiver is shown in Fig4. The
VCO uses a well-tried circuit employing
a FET (Q401) in the common-gate con-
figuration. The oscillator’s frequency is
determined by the parallel combination
of 1401 and all of the capacitance con-
nected to the drain of the FET.

Inreceive mode, the VCO frequency is
shifted down 10.7MHz by causing diode
D402 to conduct, which adds capacitor
C407 o the resonant circuit. This is done

13V pse1

by turning on transistor Q402 via the

BART
+3V
+8Y

Fig.2: The power supply regulators and transmit-receive power switching.

Text and illustrations courtesy of Electronics Australia
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Fig.3: The circuitry for the microcontroller, front panel controis and displays.

R8YV line, pulling current through D402
via R406 and R404. The diode then rep-
resents a very low RF impedance, con-
necting C407 and C405 in parallel with
L401 and the existing drain circuit
capacitance, shifting the frequency
down.

In transmit mode, the R8V line is
switched off and Q402 therfore turns off.
As aresult the cathode of D402 is pulled
up to about +6V via R404 and R405. As
the R8V line is now at OV, the anode of
D402 is also pulled down via R406, so
D402 is now reverse biased. This effec-
tively changes it from a low-value resis-
tor into a high impedance — a capacitor
of a few picofarads (the capacitance of
its reverse-bias depletion layer).

Because the value of this depletion
layer capacitance varies with the applied
reverse voltage, D402 is also used to
achieve the VCO’s frequency modula-
tion. The audio modulation signal
(MOD) is fed in via C403 and R404, and
hence varies the 6V reverse bias voltage
across the diode, to vary its capacitance
and hence the VCO frequency.

The best modulating performance has
been found with the use of an MC301
diode for D402. This diode has a
capacitance of about 2pF at 6 volts
reverse voltage, and with carefully
chosen additional capacitance, very
linear deviation has been achieved for
both negative and positive modulation.

The signal from the VCO is amplified
and buffered by Q403. From the collec-
tor of this transistor the signal is divided
between the PLL amplifier (Q404) and
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the LO output for the RF circuit sections,
fed out viaR414.

The PLL employs a Mitsubishi
M54959 chip (U401), which is a PLL
‘building block’ capable of operation up
to around 500MHz. The IC contains an
ECL two-modulus prescaler, a 17-bit
programmable divider, a crystal refer-
ence oscillator (using crystal XT-401), a
14-bit reference divider, a phase detec-
tor, an out-of-lock detector, a shift
register for serial control and a 2-bit ont-
put port. The phase detector output (pin
9) is tri-state.

If the divided VCO input and reference
frequencies are in phase at the inputs of
the phase detector, the detector’s output
remains in the high impedance state.
However if the phase of the divided
VCO frequency is behind the phase of
the reference frequency, the output falls
to the ‘low’ state.

Conversely if the VCO phase moves
ahead of the reference, the output
switches to the ‘high’ state.

The error pulses generated by the
phase detector are filtered by the PLL
loop filter (C433-435, C420 and R421-
424), and fed back to varicap diode
D401, to act as a DC tuning voltage and
hence correct the frequency of the VCO
— locking it to frequency.

Of course when the PLL frequency is
changed by the CPU, in response (o a
command from the front-panel controls,
the loop will temporarily become un-
locked until the VCO reaches the new
frequency. During this ‘out of lock’ con-
dition the PLL chip delivers an

‘unlocked’ logic output (U/L) on pin 10,
which is used for disabling transmission
(so that the transceiver cannot produce
spurious transmissions).

As noted above, the PLL chip has a
2-bit output port controlled by serial data
from the CPU. The port’s output appears
on pins 6 and 7, which are of the open-
collector type. In this case they are con-
nected in parallel and used to control the
transceiver’s power output level on
transmit, via the ‘S/W line.

Pins 3, 4 and S of the PLL chip are the
control inputs, used to receive serial
command data from the CPU. Referring
back to Fig.3, this command data comes
directly from pins 14, 13 and 12 of U701.

Microphone amp

The microphone preamp and transmit
audio filter circuitry is shown in Fig.5.
The signal from the microphone is firsily
boosted by the two- transistor amplifier

formed by Q501 and Q502. The resulting
signal is then applied to a simple diode
limiter (D501-502), to prevent over-
deviation.

The limiter is followed by a second
order low-pass filter stage using Q503,
which limits the audio bandwidih to the
voice frequency range and reduces dis-
tortion components introduced by the
limiter stage.

The signal from the filter stage is
bandwidth and amplitude limited, and
hence ready for application to the FM
modulator. Preset pot R512 is used to
adjust the peak deviation. Both the mic
preamp and the filter stage are operated

Text and illustrations courtesy of Electronics Australia

Fig.4: The circuitry for the voltage controlled local oscillator (LO) and its as-
sociated phase-locked loop (PLL) controller.
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from the T8V supply rail, so that they
function only in transmit mode.

RF section

Fig.6 shows the schematic of the main
RF section of the transceiver, which in-
cludes the transmit RF driver stages
together with the receiver’s RF amplifier
and first mixer.

The RF signal from the VCO section
(LO) is amplified by Q303 and Q304, in
standard ~ common-emitter  tuned
amplifier stages. The RF switching diodes
(D303-304) then switch the output from
Q304 between the transmit driver
amplifier (Q305) and 1st mixer (Q302), for
transmit and receive modes respectively.

D304 is turned on for transmit b the
T8V rail, via R324 and R321, while
D303 is turned on for receive by the R8V
rail — via R318 and R319. R320
provides the earth return for the diode
cathodes.

For reception, the RX-RF signal from
the antenna (via the PA board) is
amplified by RF stage Q301 and filtered
by the bandpass filter L.303-306.

The RF stage does not have a lot of
input filtering, because every dB of filter
insertion loss will increase the noise fig-
ure of the receiver by the same amount.
By having most of the filtering after the
input amplifier the filter losses effective-
ly only reduce the gain of the amplifier,
resulting in a much smaller degradation
of the receiver noise figure.

After filtering, the received signal is
injected into a dual gate MOSFET mixer
(Q302), where it is mixed with the Local
oscillator signal to produce the first IF
signal on 10.7MHz.

1307 provides the first stage of IF fil-
tering, ahead of that provided in the IF
amplifier section.

IF amp/demodulator

The circuitry of the IF
amplifier/demodulator section is shown
in Fig.7. As you can see it employs a
standard Motorola MC3357 narrow-
band FM IF chip.

The sensitivity of this IC is about 5uV
for 3dB of limiting. The 10.7MHz output
from the first mixer and the first IF filter
is not always this high, so the signal is
amplified by transistor Q201 before
being applied to the IC.

Inside the IC, the 10.7MHz signal un-
dergoes moderate gain and is then mixed
with the on-chip 10.245MHz crystal os-
cillator to produce the second IF signal
on 455kHz. This signal is filtered by
ceramic filter CF201, and then fed
through the chip’s high- gain 455kHz
limiting amplifier.

The output of the limiting amplifier is
connected to the inbuilt quadrature FM
demodulator. The recovered AF signal is
then filtered by an RC low-pass filter
(R216/C208) and fed to the AF
amplifier.

Absence of input signal is indicated by
the presence of wide band AF noise at
the demodulator’s output (pin 9).

The high frequency part of this noise
(above normal speech frequencies) is
selected by a high-pass filter (pins 10
and 11), rectified and used for the
receiver’s squelch and scan control.

The squelch circuit controls the mute
switch (pin 14), which effectively shorts
the output side of coupling capacitor
C207 during no-signal conditions,
preventing noise from being fed to the
AF amplifier. Pot R213 is the squelch
contrel, nsed to adjust the muting
threshold.

AF amplifier

Now let’s look at the audio output sec-
tion of the receiver circuit, whose
schematic is shown in Fig.8. The design
of this section is actually very similar to
that used in previous DSE transceiver
kits, but with slight changes to improve
performance.

Transistor Q105 is a ‘capacitance
multiplier’, filtering out noise on the
supply rail. The base voltage of this tran-
sistor is filtered via R113, C108 and
C107 and as the emitter voltage closely
follows the base voltage (but about 0.7
volts lower), any noise on the incoming
+V13 rail is significantly reduced.

Output transistors Q103 and Q104 are
used in a fairly standaid class-B con-
figuration, providing the current gain
necessary to drive a low impedance
loudspeaker.

Voltage gain is provided by Q101 and
Q102. Negative voltage feedback is-ap-
plied to the emitter of Q101 via R106,
ensuring DC stability and low distortion.

Because the amplifier operates from a
single supply rail, its output at the junc-
tion of R110 and R111 sits at half the
supply voltage under quiescent condi-
tions. This DC component is blocked by
coupling capacitor C106. Driver load
and bias resistor R112 is connected to the
speaker side of C106 to provide
‘bootstrapping’, boosting its effective
value for AC and hence achieving
greater voliage gain for driver stage
Q102. This also removes the output stage
bias if the speaker becomes discon-
nected, preventing possible damage.

Audio signals from the receiver sec-

P P o 1 T8V

R311

Fig.5: The mike preamplifier, limiter and audio filter stages.

Text and illustrations courtesy of Electronics Australia
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Fig.6: The receive RF amplifier and first mixer stages, together with the VCO amplifier stages and transmit driver stage.

tion are coupled to the base of Q101 after
passing through the volume control. The

of inductor L802 is connected to ground
by D802-803, shorting the receiver input

low-pass filter stage in combination with
L802. In receive mode the input filter

beep tone signal from the CPU (used to  to ground and hence protecting it from  therefore becomes a 9-pole low-pass fil-

provide confirmation of control button
commands) is fed directly to the emitter
of Q101 via C103 and R108, instead of
to its base. This provides a constant beep
volume, independent of the volume pot’s
setting.

PA circuit

The transmit RF power amplifier or
‘PA’ (Fig.9) is implemented using a
hybrid power module (U801). These
devices are now in common use in com-
mercial equipment. In this project the
hybrid device offers two significant ad-
vantages, the first being that the con-
structor is relieved of the burden of
having to wind additional coils and con-
struct a power amplifier from individual
components. The second benefit is that
using a module releases valuable PCB
‘real estate’, allowing a cleaner layout
and again making the overall project
easier to construct.

The power amplifier module used, a
Mitsubishi M57737, is a two stage 144-
148MHz FM amplifier module with 50-
ohm input and output impedances and
requiring a 100mW input signal for 25
watts output. The first stage of this
amplifier as well as the RF driver transis-
tor Q305 (Fig.6) is fed from the “TX12V’
supply rail controlled by the ALC cir-
cuitry as will shortly be described. The
second stage of the PA modules amplifier
is connected directly to the +13.8V supp-
ly. The output of the power amplifier is
connected to the RX-TX diode switch
(D806, D802-3) circuitry, which is fol-
lowed by a seven pole low-pass filter.

In transmit mode, the switching diodes
(D806, D802-803) all represent a low RF
impedance. This is because they are for-
ward biased by DC current from the T8V
line, passing through resistor R802 and
RF choke L801. As aresult the lower end
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damage by the high level ransmitter out-
put signal.

Of course inductor 1802 is therefore
effectively connected in parallel with
C809 during transmit operation. How-
ever the low- pass filter circuitry is
designed to cope with this effect.

In receive mode, the T8V line is at OV
and accordingly diodes D806, D802 and
D803 are all biased off, presenting a high
resistance in parallel with a low
capacitance. The output of the PA
module is therefore isolated from the
low-pass filter by D806, while the
received RF from the antenna is able to
pass through the low-pass filter and
L802, to the receiver’s RF amplifier
Q301 (Fig.6). The depletion layer
capacitance of D802-803 is effectively in
parallel with C808, forming a further

ter.

The directional coupler included in the
low-pass filter stage is used to detect the
power reflected back to the PA stage
when there is a high SWR in the antenna
circuit. It produces an output voltage
which is in proportion to the phase dif-
ference between the voltage and the cur-
rent in the transmit signal path. If the
load is purely resistive and properly
matched to the output and feeder cable
impedance (i.e., 50 ohms), there will be
little or no phase shift. However if there
is a high SWR and hence a large phase
shift, a DC wvoltage will be generated
(REV) which is used by the ALC circuitto
shut down the PA and driver stages, to
prevent damage. This is described
shortly.

Capacitive divider C816-C817 and
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Fig.7: The receive IF amplifier and demodulator section, based on an MC3357,
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Fig.9: The RF power amplifier board circuit, based on an integrated PA module. Note the built-in directional coupler, used
to detect reflected power and shut down the iransmitier in the event of high antenna SWR.

diode D804 are used to produce a DC
voltage (FWD) proportional to the RF
output level. This is also fed back to the
ALC circuitry via R803, being used to
maintain the transmitter output at the
desired ‘high’ (25W) or ‘low’ (5W)
levels.

Diode D801 protects all of the
transceiver circuitry against the applica-
tion of a reversed power supply. If the
supply is reversed, D801 will conduct
and blow the supply line fuse. Some-
times the diode itself may also be
damaged, but this is a small price to pay.
for protecting the much more expensive
circuitry in rest of the unit. Incidentally, a
shunt diode is used here in preference to
a series diode because the voltage drop
across a series diode can significantly
reduce the maximum power output of the
transmitter.

S-meter and ALC

As shown in Fig.7, the IF signal used
to drive the S-meter circuit (S-DRIVE) is
taken from pin 5 .of IF amplifier U201,
just after ceramic filter CF201 and
before the main limiting amplifier. This
signal is fed to the S-meter driver stage
(Fig.10), where it is amplified by Q601
and Q602. Trimpot R604 controls the
gain of this amplifier. The amplified sig-
nal is then rectified by diodes D601-602
and the resultant DC voltage used to feed
the LED driver IC (U704, Fig.3), on

o

+SMETER (R8V)

gee1
S-DRIVE

608

Fig.10: The circuitry used to drive the receiver’s S-meter and power meter,
together with that used to control the output level of the transmitter.

receive. Preset pot R606 is used to adjust
meter calibration.

The ALC (automatic level control) cir-
cuit controls the RF output power of the
transmitter, by adjusting the supply volt-
age (TX12V) fed to the PA module U801
and driver stage Q305. The actual ALC
circuitry can be divided to the following
parts: a differential amplifier/comparator

Fig.8: The receive audio amplifier. Note the ‘capacitance multiplier’ filter stage.

Text and illustrations courtesy of Electronics Australia

(Q603-604), a shutdown circuit (Q605)
and the DC supply control circuit (Q606
and Q801, on the PA amplifier board).

The differential amplifier (Q603-604)
compares the voltage on the base of
Q603, set by preset pots R613 (25W out-
put) and/or R612 (5W), with the voltage
at the base of Q604 — which is a func-
tion of ransmitted power (FWD signal).
Any difference between these voltages
produces a current through Q604’s col-
lector resistor R609, and a forward bias
at the base of Q606. The base current of
Q606 in turn controls the current in
Q801 on the PA board, and ultimately,
the DC supply to the PA module and
driver stage. Hence we have a feedback
system which acts to maintain the RF
output level at either the 25W or SW
level, as set by pots R613 and R612. The
latter becomes effective when the S/W
line is pulled low, by pins 6 and 7 of
U401 (Fig.4).

Transistor Q605 is used to short out the
base-emitter circuit of Q606, removing
all supply voltage from the PA module
and driver stage, and hence shutting
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down the transmitter output aliogether.
This is done in receive mode, by turning
on Q605 from the R8V line via D604 and
R614, and also in transmit mode for
various error conditions. For example
D603 turns on Q605 and shuts down the
transmitter when the PLL is out of lock,
signified by a logic high on the U/L line
from U401 pin 10 (Fig.4). Similarly if
the antenna conditions are such that there
is a high SWR and significant power is
reflected back to the PA, this is detected
by the directional coupler on the PA
board and a corresponding DC voliage
fed back via the ‘REV’ line, from where
itis fed in by D605 to again turn on Q605
and to reduce the transmitter power to a
safe level.

Construction Details-

First a few words of caution. You
will no doubt have gathered from the
circuit description that this is not real-
ly a simple beginner’s project. In order
to provide the kind of facilities and
performance that are expected
nowadays even on the amateur bands,
the project has inevitably required a
fairly sophisticated design.

This means that there are a number
of PC boards, and many small and
relatively delicate components to be
fitted to them.

You won’t be able to ‘knock it
together’ in a couple of hours, and
there are various aspects of the as-
sembly that call for considerable care
and not a little skill, if components are
not to be damaged, and the resulting
unit to perform correctly.

So if you’re a relative newcomer to
electronic project assembly, this
probably isn’t a project to tackle just
yet — it might be wise to build up your
experience with a few simple projects
first.

Now for the good news. For a
project of this degree of complexity,
the transceiver is relatively easy to put
together and get going.

The boys at DSE’s research and
development lab have gone to a lot of
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trouble with both the circuit and

mechanical design, to ensure this.

Not only that, but they’ve also
worked out a system of assembling
and testing the various circuit sections
in order, so that each one can be check-
ed out before you proceed with the
next.

So providing you follow the same
order, and read carefully all
construction details per stage,
followed by checking and testing out
the sections as you go by, there’s a
very good chance indeed that your
transceiver will operate exactly to
specifications.

Needless to say, we’re going to be
describing the assembly and testing in
exactly the recommended order. And
as yours truly has been assembling a
unit as well, before writing this
description, I hope to be able to pass
on a little of my own experience as
well.

Incidentally before we start, here’s
the order in which the sections will be
described, so you’ll know what is com-
ing:

1. Metal shield boxes.

2. Soldering the CPU board to the main

board.

3. The power supply circuitry.

4. The CPU and display circuitry.

5. The VCO and PLL circuitry.

6. The receiver AF amplifier.

7. The receiver IF amplifier.

8. The low level RF circuitry.

9. The microphone preamp.
10. The S-meter and ALC circuitry.
11. The transmitter PA circuitry.
12. Final checking and adjustment.

1. SHIELDING BOXES

There are two of these, the larger of
which is to contain the VCO and PLL
circuitry. The smaller one houses the
receiver bandpass filter components.
Both are supplied in the form of small
pre-cut pieces of tinplate, which are
assembled directly on the main PC

board by soldering them to the PCB
copper and each other.

Note that the ‘long’ sides of both
shield boxes extend through to the un-
derside of the board, and are fitted
with a second cover so that they form a

further shallow box underneath.
The first step in assembling each box

is to gather together the correct pieces
of tinplate. There are a total of seven
pieces for the larger box: two covers,
measuring 51 x 80mm and with
turned-down lips along each long side;
two long sides, measuring 21 x 78mm;

and three short sides 15 x 50mm (one
of which is the partition which divides
the box into two).

Similarly there are six pieces for the
smaller box: two covers 26 x 46mm,
again with turned-down lips along the
long sides; two long sides 21 x 46mm;
and two short sides 25 x 15mm.

By the way, after sorting out the
pieces for the two shield boxes, you’ll
still have three pieces of tinplate left:
two small L-shaped brackets measur-
ing 42 x 22 x 10mm, and a cover like
those for the two shield boxes, only
larger: 42 x 115mm. These are the
mounting brackets for the CPU/display
boards, and the shield plate for the
back of the CPU board — so put them
aside, for the time being.

You’ll no doubt have noticed that the
main PCB has two narrow slots cut in
it. These are to take one of the long
sides, for each shield box. The other
long side of each box mounts at the
edge of the PCB, parallel with and in
line with the side in the slot. On the
other hand the shorter ‘cross sides’,
and the internal partition of the larger
box, simply mount on the top of the
PCB.

With each box, you start by mount-
ing the long side that fits through the
slot. This is first pushed through-from
the top, and carefully positioned so
that its top edge is 15mm from the top
surface of the board. You can check
this using one of the shorter cross-
sides — the top of the long side should

Text and illustrations courtesy of Electronics Australia
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be at the same height as the cross-side,
at each end.

When you're happy that it’s set to
the right depth, carefully tack it in
place at each end with small blobs of
solder. Then, ensuring that it’s also sit-
ting in the slot squarely at 90° to the
plane of the board, run fillets of solder
along both the top, and the ‘inner’ side
underneath (i.e., the one facing the
board edge, and which becomes the in-
side of the shield box).

Once the long ‘slot’ side is in place,
you can mount the short cross sides of
each box — including the central parti-
tion, in the case of the larger box.
Again the trick is to position them
carefully (using the PCB overlay
diagram as a guide to exact location, if
necessary), then tack them in place
using a small blob of solder at each
end, and then finally run a solder fillet
along the corners to complete the job.
Needless to say as the box takes shape,
you have more corners to fillet.

The final step for each box is to fit
the second long side, which is pressed
hard against the edge of the board so it
lines up with the top cross sides.

Again tack it in place, and then run
fillets along on the inside of both top
and bottom.

If you find it difficult to hold each
-additional box side in place while you
apply the solder tacks, try using a
couple of blobs of ‘Blu-tack’ to hold
them in position. Also you might find
it necessary to set your soldering iron
for a somewhat higher operating
temperature than uswal, to allow it to
make the fillet joints properly without
‘running out of heat’. As a final check
of each shield box, see if the top
covers fit on correctly above and
below the board. You may need to
bend either the covers or the box sides
a little, to ensure that they fit on and
are not loose.

Now you should be ready for the
next stage.

2. AIN PCB MATING
This stage involves soldering the
CPU board to the main board, along
with the mounting brackets for the dis-
play board. The trick here is to ensure
that everything is lined up correctly,
and this is done in the following way.

First of all, mount a couple of the
push-button switches (from the display
board components pack) on the lower
front of the display board — one at
each end of the row is ideal. These will
be used to check the PCB alignment,
shortly.

Now fit the two small L-shaped
brackets to the back (copper side) of
the display board, using 3mm x 6mm
machine screws and nuts. Both brack-
ets have their flanges facing towards
the ends of the display board, as you
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Here is the prototype after the shield boxes had been assembled on the main
board, the CPU board and brackets added to the front of the board, and the

{ power supply components fitted — along with the 7-segment displays.

can see from the photos.

Then place the CPU board between
the brackets (copper side away from
it), about 14mm behind the display
board and parallel with it (the rows of
holes along the top of both boards
should line up — check if necessary
with a couple of guide wires). Now
mount the main board into the lower
half of the transceiver case, using the
four small self-tapping screws
provided.

Then find the front escutcheon panel
of the transceiver, and holding it at the
front of the display board (using the
two push-button switches to line them
up), try lowering the complete dis-
play/CPU board assembly down inio
the case, to see if it mates correctly
with the main board. The escuicheon
panel and the display board must be
fitted into the appropriate guide chan-
nels, of course.

You may need to move the CPU
board back away from the display
board close to the display board, for it
to butt against the front edge of the
main board.

You may also need to bend the
brackets slightly, so that the tracks on
the CPU board line up correctly with
the small etched ‘cutouts’ on the top

front edge of the main PCB.

It’s also important at this stage to
check that the front push-button
switches line up correctly inside the
corresponding holes in the front es-
cutcheon panel, with the rear ends of
the brackets sitting against the top sur-
face of the main board, and with the
front escutcheon panel still sitting un-
disturbed in its slot (i.e., not kicked
up).
If this doesn’t happen, you may need
to cut small notches in the lower edges
of the brackets, until everything lines
up correctly.

Once all seems well, you can apply
small blobs of solder to tack the brack-
ets and the main board together. Then
remove the screws holding the main
board into the case, and carefully
remove the assembly for final solder-
ing.

The CPU board is soldered first to
the underside of the main PCB, with a
couple of wires through the holes in
the CPU and display boards so that
you maintain their alignment.

Make sure that the tracks on the
CPU board also align correctly with
those on the underside of the main
board, and that the boards are squarely
lined up, and then run fillets of solder

Text and illustrations courtesy of Electronics Australia

to join both the small connection
tracks, and the main earthed copper
areas.

Then turn your attention to the top
side, and run further fillets of solder
again to link the earthed areas of the
two PCB’s, and also up the ends of the
CPU board to bond it to the inside sur-
faces of the brackets.

You should now have a fairly sturdy
PCB assembly, complete with the
shield boxes on the main board. This
means you’re ready to begin the actual
wiring up.

3. POWER SUPPLY

This section is that which is shown in
the schematic of Fig.2 and involves all of
the components identified with a “9XX”
number (R901,C904,U903 and so on).
These all mount along the front of the
main PCB, most of them immediately in
front of the large shield box.

As usual, mount the low-profile
resistors and diodes first, making sure
you fit the diodes with the correct
polarity. Then mount the three
ceramic/monolithic bypass capacitors.
Note that one side of each of these is
soldered not only to the copper under
the board, but also to that on the top.
To allow this to be done neatly if
ceramic capacitors are supplied in your
kit, you’ll need to remove the ceramic
insulation from the lead concerned, so
that the lead can be soldered close to
the component body, with the latter
pushed down against the board.

Do this by carefully squeezing the
insulation on the lead with a pair of
needle-nosed pliers, so that it cracks
off. Then clean the exposed lead by
lightly scraping it with a small hobby
knife, before re-forming the leads with
the pliers so that they will pass through
the PCB holes. :

You may well have to carry out the
same operation with many of the other
bypass capacitors used in the
transceiver, by the way, as many of
these also have one lead soldered to
the top copper as well as underneath.
When soldering to the top copper,
you’ll also need to use an iron with a
clean, fine-pointed bit — so you can
make a good joint quickly, without
damaging the capacitor itself.

Returning to the power supply cir-
ciiitry, you can now fit the three three-
terminal regulators. Note that two are
5V types, and the third is an 8V type
— don’t get them mixed. The 8V unit
mounts in the ‘U903’ position, next to
D901. All three regulators are mounted
flat on the board, with 3mm screws
and nuts clamping their tabs to the
board, and also have their centre pin
soldered to the top copper of the board,
as well as underneath.

Next, you can solder in the four PCB
pins (shown with an ‘X’ on the overlay
drawing), and fit the two transistors

(making sure of their type numbers,
and their orientation). Then fit the
three pairs of insulated link wires: one
pair joining the 8V supply pins to the
poinis adjacent to D603 (not fitted
yet!), a second pair which join points
‘A’ and ‘B’ together, and a third pair to
the two points between U901 and
U903, for later connection to the
ON/OFF switch.

Finally, fit electrolytic capacitor
(€902, making sure that its positive end
is towards Q902. Now you’re ready to
test the power supply circuitry.
Testing:

1. Connect a 1k resistor across the input
terminals of your multimeter. This is
necessary because the regulators must be
loaded with a few milliamps, for correct
regulation.

2. Connect the positive output of a 12-
13.8V DC power supply to the PCB pin
marked 13V’ (to the front of C902), and
the negative output to the main board
ground plane. Also connect together the
ends of the two wires which will go to
the On/Off switch.

3. Check the voltages on the output pins
of the regulators U901-3. These should
measure +5V, +5V and +8V respective-
ly.

4., Measure the voltage on PCB pins
R8V and T8V. At this stage they should
read between 7.0-7.5V and OV respec-
tively.

5. Now connect the PCB pin marked
‘PTT’ to ground, and again measure the
voltage on the pins RV and T8V. The
voltages should now have ‘reversed’, to
read almost OV (or close toQV) and 7.5
8V respectively

6. Finally disconnect the power supply,
and remove the 1k resistor from the ter-
minals of the multimeter. Also discon-
nect the PTT line from ground.
NOTE: When you next check the voliage
(steps 3, 4 and 5) after other circuitry
has been soldered into place, there will
be no need to connect the 1k resistor
across the multimeter. Also note that if
you accidently short circuit the T8V or
R8V to ground during the above tests,
this will probably result in damage 1o
0902 or Q901. So be very careful!

4. CPU/DISPLAY BOARDS

With the power supply section ok,
you're now ready to fit the components
for the CPU and display sections of the
circuit. These components are all
identified with a "7XX” number and
relate  to the “controller” section
schematic (Fig.3). They mount on three
PCBs: the display board, the CPU board
and the main PCB.

You’ll need to remove the four
machine screws and nuts holding the
display board to its mounting brackets,
in order to wire up this and the CPU
board.

1 suggest that you tackle the display
board first, as in effect you’ve already

Text and illustrations courtesy of Electronics Australia

3-Power Supply Parts list

Resistors (All YaWatt)

R901 680 (blu-gry-brn)................
R902 100K (brn-blk-yel)..............
R903 1K (brn-blk-red)......ccc........
R904 680 (blu-gry-brn)................

Capacitors

C901  0.1uf (Ceramic).......oocefueeee.
C902  47guf/16v (Electro) ............
C903  0.1uf (Ceramic).....ccceveenneee.
C904  0.1uf (Ceramic).......cceeuunenn.

Semiconductors

D901  1N4002/4(Diode)................
D902  1N4002/4(Diode)................
D903  1N4148 (Diode) .....oee........
D904  1N4148 (Diod€) ..................

Hardware
3x BOItS (V&"XV4") cvevrerrrnnnn,

3x NUtS (V8")eeueeeeeceeeeeieeeeee
4x PCB pins.......... reeeeeeeeeeaas

started it — with the earlier mounting
of the two push-button switches.

Before starting, note that all eight of
the resistors that mount on the display
board are fitted to the ‘rear’, or copper
side of the board.

There isn’t room for them on the
front. This allows them to be mounted
after the seven-segment displays, tran-
sistors, LEDs and push-buttons. And I
suggest that you fit these components
in that order, for easiest access.

Make sure that the LEDs, seven-seg-
ment displays and pushbuttons are
mounted as close as possible to the
board, and in straight lines.

Note that the holes for the LEDs are
a bit larger than necessary, to allow
mounting these squarely and evenly.
Of course, don’t forget to watch the
LED polarity — as you can see from
the overlay diagram, the 10 closely-
spaced LEDs (D701- 710) mount with
their cathodes towards the top of the
PCB, while the six others mount the
other way.

Note oo that the transistors (Q702-
707) should also be mounted with their
bodies down fairly close to the board,
so that the tops of their bodies are no
higher than those of the LEDs.

The leads should be gently splayed
to allow this to be done, without strain-
ing them.

Take particular care when soldering
the pins for the seven-segment dis-
plays, as the display board tracks are
quite fine, and closely-spaced at this
point.

The final steps in assembling the dis-
play board at this stage are to mount
the rotary optical encoder RE701, and

Page 15
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to fit the 12-pin and 16-pin SIL sockets
used for the interconnections with the
CPU board. Take special care with the
latter — like the resistors, they mount
on the copper side of the board, and
making good joints isn’t easy as the
socket body is only about 3mm above
the board.

You’ll again need an iron with a
clean, narrow bit, in order to make
good joints without causing damage.

Note that the volume and squelch
controls are not fitted to the display
board at this stage.

Now for the CPU board. This is
wired in the usual way, fitting the
resistors and small capacitors first, and
then the transistor and ICs. (Keep the

Page 16

cut-off ends of the resistor pigtails —
you’ll need them shortly.)

Waich the polarity of the tantalum
electros, and also the orientation of the
ICs. Note that tantalum capacitor C706
must be mounted horizontally, to en-
sure that it clears the rotary encoder
when the boards are re-assembled.

The controller chip (U701) mounts
in a socket, to reduce the risk of
damaging it, but take care with the
other chips — two of which are
CMOS. A well-earthed iron (and
operator) are advisable,

The three-lead cable from the CPU
board to the rotary encoder should be
fitted to the CPU board, and cut to
about 80mm long. It can then be con-

nected to the encoder lugs, with the
connections as shown,

By the way, if your rotary encoder is
a small round unit with two long lugs
extending out of the rear, these will
need to be cut off so that they clear
U702, C705 and C706 on the display
board.

After checking your work carefully,
you should now be able to plug the
CPU chip U701 into its socket, and
bolt the display board back onto the
front of the mounting brackets. Then
you’re ready to fit the rest of the inter-
comnnections.

Here’s where you use 28 of those
cut-off resistor pigtails. Push each one
through from the rear of the CPU

Text and illustrations courtesy of Electronics Australia

4-CPU/Display Boards

* Note that resistors R724 to R729 and
R731 and R733 are mounted on the rear
(copper track) side at the board

|

R701
R702
R703
R704
R705
R706
R707
R708
R709
R710
R711
R712
R713
R714
R715
R716
R717
R718
R71¢
R720
R721
R722
R723
R724
R725
R726
R727
R728
R729
R730
R731
R732
R733
R734
R735

kResistors (All VaWatt)

22K (red-red-org)...cccccceeeeeennnnns O
22K (red-red-0rg)....cccceeereenennns .0
22K (red-red-0rg).....ccccceeveeeennnes O

4.70hm (yel-vio-gold).
4.70hm (yel-vio-gold)
100K (brn-blk-yel) ......ccccennein.
100K (brn-blk-yel) .. .
100K (brn-blk-yel) ...c.cccceeenienn.
22K (red-red-0rg).....ccccemrueerennn.
22K (red-red-org)... .
1K (brn-blk-red) ....cccoccevervennne.
1K (brn-blk-red) .....ccccevieeien.
1K (brn-blk-red) ..
1M (brn-blk-grn)...ccccvveennennen.
100K (brn-blk-yel) ....ccccouveennnn...
100K (brn-blk-yel) .. .
33ohm (org-org-blk).................. O
33ohm (org-org-blk)
33ohm (org-org-bik). .
33ohm (org-org-bik).................. O
33ohm (org-org-blk)................. O
33ohm (org-org-bik).
33ohm (org-org-blk), O
4K7 (yel-vio-red)......cccccoeveeennnn. O
4K7 (yel-vio-red).. 0
4K7 (yel-vio-red).....c.cooerveuneenn O
4K7 (yel-vio-red).....ccccceerevrnunens O
4K7 (yel-vio-red).. |
4K7 (yel-vio-red).....ccccerveeeiuenenne O

O

O

O

O

O

O

4K7 (yel-vio-red).....cccvcvvevreennne
33o0hm (org-org-bik).
33ohm (org-org-blk)
100K (brn-blk-yel) ......ccocceene. |
100K (brn-blk-yel) ..
100K (brn-blk-yel) ..

4-CPU/Display Boards Parts list

R736 100K (brn-slk-yel) ...cccceeieeeneen. O
R737 100K (brn-blk-yel) ......coccceureeenn. O
Capacitors

C701 0.1uf (Ceramic)...ccccceeveceeercnennnnd
C702 1uf/16v (TANT).
C703 0.1uf (Ceramic)..eeeeerecneeeeeeeenns
C704 33uf/10v (TANT)
C705 0.1uf (Ceramic)....
G706 33uf/10v (TANT)
c707 .001uf (Ceramic)
C708 .001uf (Ceramic)..
C709 .001uf (Ceramic)
G710 .001uf (Ceramic)
C711 .001uf (Ceramic)..
C712 .001uf (Ceramic)
C713 .001uf (Ceramic)
C714 .001uf (Ceramic)..
C715 .001uf (Ceramic)
C716 .001uf (Ceramic)
C717 .001uf (Ceramic)..

C718 .001uf (Ceramic)....ccceveeecneennns O
C719 001uf (Ceramic)...ccecveeeeeeeennns ]
Semiconductors

Q701 BC558 (Transistor) .........c........... O
Q702 BC548 (Transistor) ......cceeve..... [m]
Q703 BC548 (Transistor) ....c.ccceouee... 0
Q704 BC548 (Transistor) . ...d
Q705 BC548 (Transistor) ......ccoc......... O
Q706 BC548 (Transistor) .....cceeeeveee... O

Q707 BC548 (Transistor) . "
U701 68705 Prog. (IC) evveveeeeeeennn.
U702 CMOS 4028 (IC) L
U703 CMOS 4811 (iC).
U704 LM3914 (IC) oo
D701 Redlled........cooovvvivreirn

D702 Redled.........cccoooeeeieeieeiiecee
D703 Red led. ...
D704 Red led .
D705  Redled
D706 Red led..
D707 Redled..
D708 Red led .
D709 Red led.
D710 Red led.
D711 Red led,,
D712 Red led.
D713 Red led,
D714 Red led.
D715 Red led.
D716 Red led................
DSP701 Led Display LT313..
DSP702 Led Display LT313..
DSP703 Led Display LT313..
DSP704 Led Display LT313, .
DSpP705 LedDisplay LT313
DSP706 LedDisplayLT313

O0oo00o0ano0a00000CooOn

Hardware

SW701  Switch P/B..coeeiie
SW702  Switch P/B..ccovreeieeeni
SW703  Switch P/B. oo
SW704 Switch P/B..
SW705 Switch P/B...cooiiiiiiii
SW706 Switch P/B..cccoeeieccieccen,
RE701  Rotary Encoder .
28pin Dil IC Socket....ocovveeeiieeees

16pin Sil Socket. ..o L
12pin Sil Socket....

Text and illustrations courtesy of Electronics Australia

Wire Hook up oo, o

4x Screws M3X5MM.....veeeeennnn.... o

4x M3 NULS.c.oveveeeecee s O
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To l?elp you (hopefully) in wiring up your display board, here Is a shot of the copper side of the author’s board. Note the
resistors and the two SIL connector strips (take care when soldering these in!). The optical encoder shown is an alternative
type, with different connections — and rear lugs that must be cut off, to clear the CPU board components.

board, and gripping it carefully be-
tween the boards with a pair of needle-
nosed pliers, push the end into the
corresponding SIL socket hole as far
as it will go. Then solder it to the pad
on the rear of the CPU board, and cut
off the excess. It’s a little tedious
doing this operation 28 times, but not
difficult!

The final assembly step at this stage
is fitting the remaining components to
the front of the main PCB. There are
four 100k resistors, plus 13 small
bypass capacitors — each of which has
one lead soldered to the top ground
plane. If your kit comes with 1nF
ceramics for these capacitors, you'll
need to remove the ceramic from these
leads as described earlier.

Page 18

Testing:

1. Check that the wires that will ul-
timately conmnect to the On/Off switch
are still joined together. Then apply 12-
13.8V DC as before, from a power supp-
ly. The display should now indicate
7.000.

2. Test all the functions of the display
and control LEDs by activating the key-
board, rotary encoder and PTT line (see
Table 1).

3. Turn off the main power supply, and
connect one end of a 100k resistor to the
METER input of the CPU section (be-
tween C711 and C712). Connect the
other end of this resistor to a positive
variable voltage, with the negative of
this source connected to the tranceiver’s
ground. Initially this voltage source

should be adjusted for 0 volts.

4. Turn on the main power supply again.
All of LEDs D701-710 should still be
off, but as you start increasing the vol-
tagefrom the variable supply, they
should come on progressively. The input
voltage for “full scale’ (all 10 LEDs on)
should be about 7 volts (1.25-1.30V on
pin 5 of U704).

5. Turn off the power, disconnect the
variable supply and remove the 100k
resistor.

5. VCO-PLL CIRCUIT

Now you can turn your attention to
the VCO-PLL circuitry, which was
shown in the schematic of Fig.4

The components for this section are

Text and illustrations courtesy of Electronics Australia

contents to the display.

by MR switch).

command.

Scanning operation

and the speaker quiet).

about two seconds.

microphone Up, Down or PTT butions.

Transceiver Control Functions

MR: Toggles between memory and ‘dial’ modes: In memory mode, the rotary
tuning control and microphone Up/Down buttons select memory
channels; in ‘dial’ mode, these controls select operating frequency
directly in steps of either 5 or 25kHz.

WR Writes a frequency setting to either the dial or the current memory
channel. In ‘dial’ mode, it writes the displayed frequency to the
memory channel; in memory mode, it writes the memory channel

LOW Toggles between low (5W) and high (25W) output modes for transmit.
The ‘Low Pwr’ LED lights in low power mede.
STEP  Toggles between 5 and 25kHz tuning steps, in 'dial’ mode (as selected

REV Toggles between ‘normal’ and ‘reversed’ repeater offset. Reverse offset
mode is indicated by illumination of the ‘Rev’ LED. In reverse
offset mode, the receiver frequency is offset from the displayed
frequency, rather than the transmitter.

RPT Selects repeater frequency offset mode on-off, and polarity. Repeated
presses cycle through -600kHz, +600kHz and OkHz (no offset)
modes. Current offset is indicated by the -600’ and '+600’ LEDs.

ON AIR This LED illuminates during transmission.

BUSY  This LED illuminates when the CPU is busy servicing a control

1. Before scanning, the Squelch must be closed (i.e., the ‘BUSY’ LED must be off,

2. Use the MR button to select either the ‘dial’ mode, for frequency scanning, or the
memory mode for memory scanning. In dial mode, the STEP button can be used to
select either 5kHz or 25kHz scanning steps.

3. To begin scanning, press the microphone Up or Down button as desired, for

4. Scanning will stop automatically when an input signal opens the squelch. To stop
scanning manually, turn down the Squelch control to open it or press the

all identified with ‘4XX’ numbers, as
listed in the parts list. Most of them
mount inside the larger of the two
shield boxes, with only five resistors
and two capacitors ‘outside’.

Many of the capacitors, and some of
the transistors and diodes of this sec-
tion have one lead connected to the
ground plane copper on the top of the
board.

As the space inside the shield box is
rather confined, I suggest that you fit
these components before the rest. This
allows you to make the ground-plane
joints a little easier than otherwise, and
with less risk of damaging either the
components concerned, or others near-
by.

Then you can follow the usual order,
with low profile components such as
resistors, capacitors, diodes and ICs.

As the box walls underneath can

make it hard to bend over some of the °

component leads to hold them in place
for soldering, you might wish to use a
small blob of ‘Blu-tack’ as a holding
aid.

Pay particular attention to the orien-
tation of polarised components such as
electrolytic capacitors and diodes —
removing and replacing them later
would be very awkward.

When you’re soldering in the plastic

Also take considerable care with the
PLL controller chip U401, as it is an
expensive part. I suggest that you fit
this component second last, followed
only by the crystal XT401.

Testing:

1. Adjust the core of L401 so that it is at
the same level as the top of the plastic
coil former.

2. After checking that the ends of the two
On/Off switch wires are still joined
together, apply a 13.8V supply.

3. Measure the yoltage between eitherend
of resistor R424 and ground. This should
be 0.5V or less. If it is not, adjust C426.
4. Now connect the PCB pin marked
‘PTT’ to ground, and turn the core of
L401 clockwise into the former, with an
alignment tool. After about 1-1/2 tumns,
the voltage on R424 should increase to
2-4 volts. At this stage, the voltage at pin
10 of U401 should be low. This means

that the PLL is in lock.
5.With the PTT pin connected to ground,

Adjust the voltage on R424 to0 3.0V by
tuning LAO1.
6. Remove the ground from the PTT pin,
and this time adjust trimcap C405 to
bring the voltage at R424 back to 3.0V.
Make sure that the front display shows
7.000 (corresponding to 147.000MHz),
and that the RPRT offset function is
switched off.
7. Repeat steps 5 and 6 until the PL.L
voltage remains at 3.0V in both the
receiving and transmitting modes.
8. Try tuning to the bottom of the band
(display reads 4.000), and then to the top
end (7.999). Confirm that the voltage at
R424 is higher than 1.0 volts at the low
end, and no higher than 4.0 volts at the
high end. Alsocheck thatthe PLL staysin
lock, over the full range by checking for a
low voltage at pin 10 of U401.
9. Connect a frequency counter to the
LO output (the end of R414 nearer to the
edge of the board), then connect the PTT
line to ground. Now adjust trimcap C426
to get the same reading om the
transceiver’s display as measured on the
frequency counter.
Troubleshooting
In the event of trouble with any of
the above steps, check the following
DC voltages with a high-impedance
multimeter:
U402 input 7.0V
output 5.0V
U401 pin'l6 5.0V
Q404 collector 3.0V
base 0.7V
2403 coilector 5.6V

cutitier 2.1V

components such as the trimmer Here’s a shot showing the CPU and display boards after all of the components
were fitted - but before the two were boliéd together, and the SIL connectors
and resistor pigtail “pins” used to make the interconnectors.

capacitors and the adjustable coil, be
careful not to melt the plastic bodies.

Text and illustrations courtesy of Electronics Australia
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5-.VCO-PLLCircuit

e

C406  3.3pF CeramicNPO

C409  3.3pF CeramicNPO
C410  4.7pF CeramicNPO
C411  5.6pF Ceramic NPO

C413  33uF/10V(TANT)
G414 .001uF (ceramic).......eueenn.
C415  2.2pF (ceramic NPO).........
C416  .001uF (ceramic)......cccceuennnen

C419  .001uF (ceramic)

£ C420  .001uF (ceramiC)...ccccceeeivvennnnnns
C421  1uF (ceramic) ...c.cccvvrrereencnnnenen,

C422  AuF (ceramic)....cccoeveereennnnennn,
C423  33uF/10V (TANT) .o
C424  56pF (ceramic NPO)

Resistors (All Yawatt)

4K7 (yel-vio-red)
10K (brn-blk-org)
No Location

4K7 (yel-vio-red)
10K (brn-blk-org)
4K7 (yel-vio-red)
330 (org-org-brn)
10K (brn-blk-org)
10K (brn-blk-org)
220 (red-red-brn)
100 (brn-blk-brn)
10 (brn-bik-blk)
100 (brn-blk-brn)
10 (brn-bik-blk)
10 (brn-blk-blk)

R401
R402
R403
R404
R405
R406
R407
R408
R409
R410
R411
R412
R413
R414
R415

R416 220 (red-red-brn) ... O

R417  4TK (Yel-VIO=0rQ) eereieirieeieeee e O

R418 330 (0rg-0rg=brin)..ccccceeeveeiieee e O

R419 100 (brn-blk-brn)

R420 10K (brn-blK-0rg)...ccccocereierieeiiieeeceeeeeee s

R421 100 (brn=blK=Dri .o

R422 1K (brn-blk-red)......

R423  2K2 (red-red-red) ....

R424 100 (brn-blk-brn)....

R425 1K (brn-blk=red)....ccccccciimiiniiniiriie i

R426 1K (brn=blK=red)....cccooeineriiiiiiirciiieiiin i

R427 1K (brn=bIK-red)....c.cccoooieimiieeiiiice e

Capacitors

C401 L00TUF (CeramiC) ...ooueeiiier e O
L00TUF (CEramIiC) ..ccceirriieeeeee e )

O C402

5-VCO-PLLCircuit parts list
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TC403  .AUF (CEramiC) .o
C404  .001uF (ceramic)......cccccerrnnnnenn.
C405  20pF (Trimcap).(Red or Pink), ...

C407  15pF CeramicNPO ......cccceeeees
C408  18pF CeramicNPO........c.ccveeee

C412  .001uF (ceramicC)......cccvvmmrerennnns

C417  10pF (ceramic NPO)........ceeeeees
C418  .001uF (ceramic).....oooccvvvverenennnns

...............................

‘LC425 27pF ' ceramic NPO oveevreericenenne

............................... 0 C426  20pF (trimcap) (red or pink)
............................... O C427 .001uF (ceramic)
............................... [0 C428  .001uF (ceramic)

(ceramic)
............................... C430  .001uF (ceramic)
............................... C431  .00TUF (CEramic) ...cocveveeeeceiieieee st
C432  .001uF (ceramic)
C433  1uF/18V (TANT)
C434  10UF/25V (TANT) oo
............................... C435  TUF (CEramiC) .cocvviieiiciee et

C429  .001uF

Semiconductors

L401 150MHz red coil 2.5T ...
L402  Choke 10uH
............................... D401  BB405 (diode)
MC301 (AIOAR) cuveererevereeeeeiee e
28K 125 (1ransistor) oo
BC548 (transistor).............

28C1923 (transistor)
28C1923 (transistor)
MBA959P (IC) 1ooeieeeeeeeee ettt
78 L0O5 (IC)
10.240MHz (X-tal) oo desres it eaeasaeeenaeeren

base 2.8V
Q401 drain 5.0V
source 5.1V
Q402 collector 0.1V (RX), 5.0V (TX)
base 0.7V (RX), 04V (TX)
(Note: The collector voltage might vary
slightly, due to transistor gain tolerance,
etc.)

By connecting a frequency counter,
capable of measuring up to 200MHz,
to the LO output you can check the
output frequency.

This frequency (whether the PLL is
in or out of lock) must be able to be
adjusted by tuning coil L401 over the
range 144-148MHz in transmit mode
(PTT pin grounded), and over the
range 133.3- 137.3MHz in receive
mode.

The reference oscillator within the
PLL synthesiser chip U401 can be
checked with an oscilloscope. Connect
the CRO input to pin 14 of U401,
using a 10:1 probe to minimise loading
effects.

This level should be an AC signal of
about 1V p-p, with a period of about
100ns (corresponding to 10.24MHz).
This test point is at a very high im-
pedance, and therefore will not drive
many standard frequency counters as
these often have high input
capacitance or low input impedance.

If you try connecting one of these
the oscillator will either change fre-
quency or stop oscillating altogether.

As the test pin of U401 (pin 13) is
connected to ground, the DC output
level on pins 6 and 7 of this IC are
controlled by serial data from the
CPU.

The DC output from these pins is
used for high and low RF power
switching.

With pin 13 connected to logic 1
(+5V at pin 16), pin 6 of U401 be-
comes the output of the reference os-
cillator divided by the reference

divider, and the pin 7 output is the
input frequency divided by the
programmable divider. So if it be-
comes necessary to check the opera-
tion of the built-in dividers of the PLL
chip, you will have to de-solder pins 6,
7 and 13 from the PCB, or cut the
tracks leading to them.

Next, connect pin 13 to pin 16, and
check the signal on pin 6. It should be
5.00kHz. Also check the signal on pin
7 — this should again be close to
5kHz, as defined by the formulas:
f(pin7)=f(input)/(f(display)/5kHz),

in transmit
=f(input)/((f(display)
10700kHz)/5kHz), in receive

After you have checked these, you’ll
have to disconnect pin 13 from +5V
and reconnect pins 6, 7 and 13 as they
were before.

The serial data, clock and reset sig-
nals from the CPU should look like
Fig.11, with a clock period of about
100us. Check with a CRO that the in-
puts on pins 3, 4, and 5 of U401 are

less than 0.6 volts for a logic low, and
more than 2 volts for a logic high.

Transmission of data from the CPU
is only activated by changing a fre-
quency control, such as turning the
rotary encoder, grounding or un-
grounding the PTT pin and so on.

When the PLL is locked, the signal
on pin 9 of U401 should look like
Fig.12.

If the PLL is unlocked, and the
divided input frequency is higher than
the reference frequency in the phase
detector of U401, then the voltage on
pin 9 of this chip should be close to 0
volts.

If the input frequency is lower, this
voltage should be close to 5 volts. By
slowly tuning the core of L401 and
monitoring the voltage on pin 9 with a
CRO or multimeter, you should be
able to see the PLL trying to lock.

This indicates a problem around the
lowpass filter R421-424 and C433-
436, or tuning varicap D401 (perhaps

MITSUBISHI BIPOLAR DIGITAL ICs

M54959P

PLL FREQUENCY SYNTHESIZER FOR PERSONAL RADIOS

MAINTAIN PREVIOUS DATA UPDATE DATA

Note 7 : Total division ratio is set by M=A-+128N=92+128X600=76892
8  When PLL 1s locked, ty ¢ 0=6. 25X 76892=1480575kHz
=480. 575MHz

Text and illustrations courtesy of Electronics Australia

Fig.11: The serial data (Sl), clock (CPS-bar) and reset (RST) signals fed from the
CPUto the PLL chip (U401) should ook like this, should you need to check them.
But signals are only sent when a frequency change’ control is operated.
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Here is a close-up of the VCO/PLL circuitry inside its shield box. Many of the power supply parts are also visible, on the
right. Note that many capacitors in the project have one lead soldered to the top ‘ground plane’ copper.

the diode is connected in back to
front). '

If the PLL locks only in transmit
mode, or only in receive mode, check
the voltage on the collector of Q402.

In receive mode this should be less
then 1 volt, while it should rise to
about 6V in transmit mode.

Tune the VCO so that the PLL is out
of lock, by adjusting the core of L401
deep into the coil, and then verify if
the frequency of the local oscillator
can be adjusted by trimcap C405 for
about 8% frequency change between
receive and transmit.

If the PLL doesn’t remain in lock
across the whole band, due to com-
ponent spread, then the value of C407
should be slightly increased for
receive, and C408 slightly increased
for transmit.

Finally, the so-called PLL noise can
be checked using a VHF communica-
tions receiver. By listening to the LO
frequency with the receiver set to SSB,
you will be able to check the noise out-

put and PLL locking time.

With the receiver set to FM you may
be able to check the level of FM noise.
A high frequency 5kHz tone means
there is insufficient filtering in the PLL
low pass filter (R421-424, C433-435).
All noise components should cor-
respond to less than 0.1kHz deviation
(more than 50dB below the signal).

With the receiver set to AM, you can
listen for any AM noise. If present this
will be most likely caused by lack of
bypassing and filtering of the supply
and inputs to the PLL and LO. If you
have a modulation meter, the level of
modulation should be less than 1%.

6. AF AMPLIFIER

The audio amplifier circuitry is
located near the front of the right-hand
side of the main board,as you will have
gathered. The only exception is the
“receive”  volume  control  pot
R101,which mounts on the display
board at the top of the left-hand end.
More about the pot later - for the

4. PD AND Lock WAVEFORMS

mavmor LT L M L T L T1

PROGRAMMABLE
DIVIDER
OUTPUT (fn/N)

v u U U u

| L

. PD OUTPUT

e
-

Lock QUTPUT

high.
10 : Broken lines indicate the high impedance state.

#The above description applies when input P/N (pin 11) is high.
When P/N is low, the output at PD is inverted.

Note 9 : When the phase of programmable divider output fi/N is behind the phase of reference freqency fa, PD is low; when fyy,n is ahead of f, PD is

11 : if phase differnces T, and T,, continue at less than 625ns for more than three cycles of q y fa, LOCK low.

Fig.12: Waveforms associated with PLL chip U401, for both locked and unlocked

conditions. Pin 9 is the PD output; pin 10 is the Lock-bar output (L=Iocked).
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moment it can be put aside,while we
concentrate on the other components.
These are all identified by a "1XX”
number.

Incidentally the schematic for the
audio amplifier section is shown in
Fig.8 if you need to refer to it during the
assembly or testing.

There are a relatively small number
of components involved in this sec-
tion, so it won’t take long. As usual it’s
a good idea to start with the low-pro-
file resistors and diode first, then fit
the smaller capacitors, followed by the
larger electrolytics and finally the tran-
sistors. Take care with the orientation
of these last-named groups, of course.

Note that while it probably isn’t es-
sential to solder the pigtails of the
‘earthed ends’ of C104, C108, C109
and R107 to the top ground plane cop-
per as well as the underside copper
tracks, there’s no harm in doing so. It
might even help ensure that the AF
amp operates a little more reliably,
with greater immunity to stray RF. The
same applies to the collector lead of
Q104. Just make sure, if you do decide
to solder these leads to the top copper,
that you don’t overheat the compo-

| nents in the process.

A couple of PCB terminal pins
should be used for the speaker connec-
tions, to allow the lead from the
speaker to be connected and discon-
nected easily. Again the ‘earthed’ pin
should be soldered on the top side of
the board as well as the bottom.

At this stage, your audio amplifier
section should almost be ready for test-
ing. The one remaining step is to
mount the volume control pot R101 on
the display board, at the top of the left-
hand end. At this stage it isn’t wired
up, however. R213 the squelch control

Text and illustrations courtesy of Electronics Australia

6-AF Amplifier

S

6-AF Amplifier Parts list

Resistors (All Yawatt) Capacitors Q102  BC558 (transistor)................. O
R101  BK/LOG (POT) oo O €101 1uF/16V (TANT) .o ) Q108 BC338 (iransistor)................. 0
R102 2K2 (red-red-red).................. C102  220uF/16V (electro)................ 0 Q104  BC328 (transistor)................. a
R103 56K (grn-blu-org)...cccccooveve..... C103  .1uF (ceramic).....cccoo...... .. Q105 BC338 (transistor)................. 0
R104 33K (org-org-org)... C104  AuF (ceramiC)..cccveeeeniiinannin. O

R105 2K2 (red-red-red)................... C105  470uF/16V (electro)................ O Hardware '

IR106  3K3 (0rg-org-red) .....ccocco..... C106  330uF/16V (electro)... 02 X PEDPINS s 0
R107 220 (red-red-brn)....ccccccoe....... C107  330uF/16V (electro).............. [ 20cm x audio coax cable......... O
R108 10K {brn-blk-0rg)....cccesevevrnn.. C108  .1uF (Ceramic).......cooovvve.. .. O

R109 15 (brn-grn-blK) ..c...cccceeiiinie L C109  1nF (ceramic) ..o ]
R110  2R2 (red-red-goid).................. .
R111  2R2 (red-red-gold) Semiconductors

R112 1K (brn-blk-red).......ccccoevvn..... D101 1N4148/1N914 (diode)......... a
R113 220 (red-red-brn).....ccccc........ Q101  BC548 (Transistor)................ O

Text and illustrations courtesy of Electronics Australia Page 23



Here’s a shot of the next two sections — the audio amp and IF amp/demodulator, which are both posliioned along the
right-hand side of the main PC board. The audio amp is on the lefi, here, with the IF section to the right. Use this picture
and the overlay diagram as a guide, when you're wiring these sections.

pot can also be mounted at the same
time, in the adjacent hole.

The volume pot should be mounted
with its three main lugs uppermost,
while the squelch pot should be
mounted with its main lugs at the bot-
tom. This allows the two locating spig-
ots to mate with a pair of 3mm holes,
drilled in the display board between
the two main pot mounting holes and
along the line between them, so that
neither pot will tend to rotate in use.
(R213 can’t be mounted with its lugs
uppermost, as its spigot would conflict
with the display board support
bracket).

Note that both pots have integral
switches, with lugs which protrude
from the sides. To ensure that these
Iugs don’t touch either each other or
the display board mounting bracket,
it’s necessary to bend them inwards by
about 90°. This can be seen in one of
the photographs.

Testing the amp

1. Join the ON-OFF switch wires to-

gether, if they aren’t already joined; also

connect the speaker to the speaker con-

nection pins, via a length of two-wire

rainbow cable about 250mm long. Then

connect 13.8V DC power to the unit,

2. By pressing any of the display board

keys you should be able to hear a 2kHz

‘beep’ from the speaker, with a duration
of a few hundred milliseconds.

3. Apply an audio signal from an audio
generator to the input of the amplifier.
The ‘hot’ input is the centre of the three
PCB pads which will ultimately connect

Page 24

to R101, while the pad to its right (nearer
to C101) is the earthy input. About
200mV RMS input should result in the
rated output of 1W into 8 ohms. But if
you do not have an audio generator, sim-
ply touch one end of R102 with your
finger. You should hear the typical (not
very loud) amplifier hum from the
speaker when you do this.
Troubleshooting
In the (unlikely) event that your am-
plifier doesn’t seem to be working cor-
rectly, here is the relevant information
to assist in troubleshooting.
1. Check the following DC voltages:
Q105 collector 13.8V
base 13.8v
emitter 13.1V
Q101 collector 12.5V
base 8.2V
emitter 7.6V
Q102 collector 6.8V
base 12.5v
Q103 base 6.8V
emitter 6.3V
Q104 base 6.0V
emitter 6.5V
2. Assuming all of the DC voliages are
correct, you will need to trace the prog-
ress of a test signal through the ampli-
fier, ideally using an oscilloscope
(although this is not essential). If you
don’t have an audio generator to provide
the test signal, you can use almost any
audio equipment, such as a radio or tape
recorder, with an external output capable
of providing a signal of around 200mV.
If such a source only has a speaker
output, you may need to make a volt-

Text and illustrations courtesy of Electronics Australia

age divider with two resistors, to re-
duce the signal to around 200mYV. For
example if you have a cassette player
capable of delivering 1W into 8 ohms,
this will provide about 2.8V RMS (E =
V(P x R)). To reduce this to around
200mV, you’ll need to divide this by
about 13:1. We would suggest using a
330-ohm and a 27-ohm resistor, con-
nected in series across the player’s
speaker — or preferably across an 8-
ohm resistor used to substitute for it,
during the tests (if you want to be able
to hear the transceiver’s speaker!).
The 200mV test signal will be pro-
duced across the 27-ohm resistor —
but it will be advisable to connect a
0.1uF capacitor in series with the ‘hot’
side, if you're going to be injecting it
into the various stages of the amplifier.

"This will prevent the 27-ohm resistor

from disturbing the amplifier’s DC cir-
cuit conditions.

If you have a ‘scope, you can con-
nect the audio test signal to the trans-
ceiver amplifier’s input and trace its
progress through Q101, Q102, Q103/4
and so on, using the ‘scope. Obviously
if there’s a problem, its location will
soon become apparent.

Alternatively if you don’t have a
‘scope, you can work in reverse by lis-
tening to the transceiver’s speaker and
applying the test signal first to the base
of Q104, then that of Q103, Q102 and
finally Q101. Not only should you be
able to hear the signal in each case, but
the volume should increase as you in-
ject it earlier in the chain.

The most likely cause of any trouble
with the amplifier is a wiring error,
such as fitting a component in the
wrong position or with the wrong ori-
entation. So if you take care with these
aspects and check everything carefully
before applying the power, it’s un-
likely that you’ll have any problems.

7. IF AMPLIFIER

Now you should be ready to wire up the
IF amplifier and demodulator section,
which occupies the area on the main PC
board just behind the audio amplifier at
the centre of the right-hand end. The
circuit schematic for this section was
shown in Fig.7, while its components are
identified with a “2XX number.

As before, it’s best to start with the
low-profile resistors and capacitors,
work up to the larger and taller compo-
nents and finally fit transistor Q201
and IC U201.

Take care again with the polarised
parts, such as diode D201 (alongside
R215) and tantalum electrolytic C216.
Note that the latter should be orien-
tated so that its positive lead is on the
right-hand side, looking from the front
— i.e., nearer C202.

Again, there are a number of compo-
nents which have an ‘earthy’ side,
where the lead should be soldered to
the top ground-plane copper as well as
to the copper under the PCB. These
include R201, R211, R212, C201,
C203, C208, C212, C214 and C216.
When you fit Q201, its emitter lead
should also be soldered to both top and
bottom copper, and the same applies to
pin 15 of IC U201. All of these
ground-plane joints are virtually essen-
tial for this section of the circuit, and
not optional as they were in the case of -
the audio amplifier. Here, if they’'re
not done the IF amplifier may either
have low gain, or could ‘take off’.

Similarly it’s also important to con-
nect the metal case of crystal XT201,
crystal filters XF201/202 and coils
1201/202 to the ground plane, with a
small solder joint at one end (or both
ends for L201/202). As before take
care to achieve good electrical bond to
the ground-plane copper, with proper
solder ‘wetting’, but without overheat-
ing the components concerned.

The wiring to connect pots R101 and -
R213 to the indicated board points
should now be fitted, using a section of
rainbow cable initially about 300mm
long and with six wires. Three are used
to connect R101 to the pads between
C207 and R102, while the other three
connect R213 to the pads just in front
of L201.

Keep all six wires together for the
main length of their run, separating
them into the two separate groups at

either end and chopping them to the
correct length as shown in the photo.
This makes for a neater job. Note
again that the wire from the ‘earthy’
(fully-anticlockwise) end of R101 con-
nects to the pad nearest R211, and is
soldered to the top ground plane cop-
per as well as to the underside.

Incidentally at this stage, the trans-
ceiver ON/OFF wires can also be con-
nected to the switch contacts at the
rear of R101, so that the switch can
become operational.

Testing the IF

Here are the steps for checking the
operation of the completed IF ampli-
fier and demodulator section:

1. Connect the speaker and 13.8V DC
power supply, and switch on.

2. Adjust the volume to midway and then
turn up the squelch pot R213. At a par-
ticular point this pot should act like a
noise switch, turning the IF amplifier’s
noise on and off as heard in the speaker.
This shows that the squelch gating cir-
cuitry is working.

3. Open the squelch (noise audible) and
adjust 1.202 for a null in the noise level,
with minimum high-frequency content.
Either side of this null the noise should
increase, and become more harsh.

4. If you have an FM signal generator,
adjust it for an output at 10.700MHz but
with no modulation, Then connect its
output to the input of the IF amplifier, at
the pad of crystal filter XF201 nearest
the VCO/PLL shield box. Adjusting
L201 and L202 should allow you to
achieve about 12dB of quieting for
around 3uV of input, if everything is op-
erating as it should be. That is, the audio
noise output should drop by 12dB when
the generator output is switched on and
set for about 3uV, compared with the
noise level when it is switched off.

Note that if the squelch gate closes
during your adjustments, R213 should
be turned to open it again.

Switching on the generator’s modu-
lation, with the deviation set for
3.5kHz, should produce a sinewave
audio output. L202 should be adjusted
for the largest undistorted output,
judged either by ear or by observation
with the ‘scope.

Note that the tuning of L201 will ap-
pear to be very broad, due to the way
the limiter operates. The best way to
adjust this coil is to gauge its effect on
the squelch ‘switching’ threshold, as
set by R213.

That’s about all you can do at this
stage. Final adjustments can be done
when assembly of the transceiver is
nearer completion.

Troubleshooting

If you weren’t able to carry out the
foregoing tests satisfactorily, here is
the information to assist in trouble-
shooting.

1. Measure the following DC voltages:

IC201pin1 7.0V

2 6.5V
3 7.0V

Text and illustrations courtesy of Electronics Australia

4 7.2V
5 1.2V
6 12V
7 1.5V
8§ 7.0V
10 2.2V
13 6.5V
15 ov
16 2.2V

Q201 base 0.6V
collector 7.0V

2. If there is an absence of noise output,
for any position of R213, this might be
caused by three main things. There may
be a problem with the squelch or the
discriminator, or a faulty or low gain IF
preamp (Q201). Alternatively there
could be a problem with the 10.7/455
mixer inside U201.
3. If the squelch doesn’t seem to be oper-
ating, try varying R213 and measure the
DC voltage on pin 12 of IC201. This
should change from about 300mV to
1.1V. The squelch threshold is at about
0.8 volts, If the voltage on this pin is
higher, the mute switch (U201 pin 14)
will be open and the signal or noise
should be going to the audio amplitier.

If there is a problem where the noise
is present and cannot be gated off
using the squelch control, then this is
probably related to a fault with one of
the components connected to U201
pins 10, 11, 12 and 14.
4. The FM discriminator and limiting
amplifier can be tested by connecting a
signal generator to the input or output of
the ceramic filter (pins 3 or 5 of U201).
By adjusting coil 1.202, the DC level on
pin 9 should change between 800mV
and 6V volts. If the generator is being
modulated, you might be able to see with
a ‘scope the audio signal on this pin su-
perimposed on the IF (455kHz) signal.
This is filtered out by the R216 and
C208 low pass filter. Any malfunction in
this area could be caused by the circuitry
around U201 pins 6, 7 and 8.
5. If the sensitivity is poor, this could be
due to a problem with the IF preamp
stage around QZ201, or the IF second
mixer (10.7MHz/455kHz) section
within U201. A problem with the latter is
usually caused by an incorrect level in-
jected from the crystal oscillator.

Within-tolerance variations in the in-
ternal impedance of the crystal XT201
might require that the value of C213
be changed slightly. To try this, tempo-
rarily fit a trimcap of about 60pF in-
stead of C213 and adjust this for best
IF sensitivity. Then switch off, remove
the trimcap and fit a fixed capacitor
that is closest to the measured value.

The level of signal injected into pin
2 of U201 should be about 50-100mV
peak to peak (measured using a ‘scope
fitted with a 10:1 probe).

8. RF SECTION

The final section required to com-
plete the basic ‘receive’ side of the
transceiver (and the ‘transmit’ RF
driver circuitry) is the low-level RF
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7-1F Ampilifier
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7-IF Amplifier Parts List

o hews |-

R209

6207_{ A210 |

- R216 .

{ rent }

Resistors (All aWatt) R218 82K (gry-red-org).......cccoeeeenee O C214  .01uF (ceramic)

R201  6KS8 (blu-gry-red)......cccceverurune R219  2K2 (red-red-red).....ccenenenene. 0O €215  .1uF (ceramic)

R202  3K9 (org-whi-red).....ccocccvuurenne R220 47K (yel-vio-org) C216  33uF/10V (tant)........ e Of

R203 68K (blu-gry-org).....cccceeeueuenenens . ' C217  33pF (ceramic).....cocoveererrrunnencncs O

R204  A7K (yel-Vi0-Org).......corrwrreeerere Capacitors ) _ Semiconductors

R205 100 (brn-blk-brn).......ccoovvvenenene. C201 6.8pF (ceramic).....c.coeeuenennnnns i

R206 100 (brn-blk-Drn)....cooocvvveeereere C202  .001UF (CEramic).......commmeeens O D201 1N4148/1 N914.(d'°de) ------------- O

R207 82K (gry-red-org) .....oevenees €203  1UF/16V (faNnt)....coeeeereereeeeeneeens O Q201 2SC1923 (ransistor).  .......... O

R208 1K (brn-blk-red) ....cooeormermreuenee C204  .1UF (CEramic)......omeveeoreenennn. O U201 MC3357 (IC)........ .0
HR209 270K (red-vio-yel)... C205  .001uF (ceramic)..omeeereceecenee. O XT201 10.245MHz (X-tal).. ...ll:i‘l

R210 15K (brn-grn-org).... C206  .001UF (CEramic)......ouommn.. O ))?;28; 18-%32 (Crsal-;':r) -------------------- o

R211  1K5 (brn-grn-red)... C207  1UF/16V (tant)..oeceeeeeeeeeeeeene. O CFo0t 45 z (C'rsﬂ} T) oo ol

R212 470 (yel-vio-brn)..... C208  .01UF (CEramiC)......mmmmmmmremmmnnnes ER mM(:TLi'iR'C- ) covemmmnenmnennnnnenns o

R213  5K/LOG (POT)........ C209  10pF (Ceramic).......ccmmreereereen. O U202 455Kl (cbi‘ll). ----------------------------- -

R214 33K (org-org-org) C210  .1uF (ceramic)....c.cooemvrcecrrennnee N e e !

R215  2K2 (red-red-red) c211 JuF (Fceramic)... g Hardware :

R216 10K (brn-blk-org) ca212 150pF (ceramic) .. . )

R217  2K2 (red-red-red) C213  33pF (CEramic)o e g 30cm x 6 way rainbow cable ... O
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section, and this is the next to assem-
ble and test.

The schematic for this section was
shown in Fig.6, while its components are
all identified with “3XX” numbers.
Basically it occupies the rearmost 50mm
or so of the main board, and across the
full width.

As before it’s best to start with the
low profile components such as the re-
sistors and diodes — making sure that
the latter are placed in the correct posi-
tions and with the right orientation.
Note that biasing diodes D301/302 are
type 1IN4148 (or 1N914), while the RF
switching diodes D303/304 are type
MI301. The latter are usually marked
‘MI1’, while the 1N4148/1N914 some-
times have no marking except a black
band to indicate the cathode. (The
MC301 diode used for D402 in the
VCO section is generally marked
‘MCT’, by the way.)

The capacitors should be added next.
As before many of the ceramics need
to have their ‘earthy’ pigtail soldered
to the copper ground-plane on the top
of the PCB, as well as to the underside.
You’ll need to carefully remove the ce-
ramic on the chosen pigiail, by gently
crushing it with pliers and then scrap-
ing back to the body with a hobby
knife. This allows the coraponent to be
mounted close to the board, with mini-
mal length leads, but still permits you
to make a soldered joint to the
groundplane. The capacitors involved
are C303, C304, C305, C307, C309,
C311, C312,C314, C315,C316, C317,
C318,C319,C321, C322,C324, C325,
C326,C327,C329, C332,C333, C334,
C335, C337 and C338.

Many of the wrimmer capacitors also
have one side grounded, and those in
this category also need to have this
side soldered to the top ground plane
copper as well as underneath. This ap-
plies to C302, C306, C308, C310,
(C312 and C331. Note that with each of

| B e

Here is a close-up of the volume control and squelch pots, mounted on the end

of the display board. Note the swiich lugs are bent, to prevent them touching.

these trimmers (all 20pF max), it is the
exposed lead at the rounded end that
should be earthed. This is really the
only practical way to do it (the other
lead is inaccessible), and it also en-
sures that the trimmer can be adjusted
with a metal- bladed alignment tool
without disturbing its operation.

Note that four each of the affected
ceramics and trimmers are inside the
rear ‘filter’ shield box. This makes the
job of soldering their earthy sides to
the ground plane rather awkward, but
it can be done. You just have to be
especially careful not to damage the
components in the process.

The remaining trimmers have neither
side earthed, and so can be fitted either
way around. Note that C301 is the odd
one out — a 60pF maximum type, with
a brown body instead of the red body

S o

A top view of the RF section, which runs along the rear of the 'main board. The receive inp

used for the 20pF trimmers.

The transistors can now be fitted,
again taking care to fit the right one in
each position and that they’re the cor-
rect way around. Note that Q304 and
Q305 both have their emitter leads sol-
dered to the top ground plane — with
Q304 this is the lead nearest C401,
while with Q305 it’s the centre lead.
Again, take care not to overheat the
components when making these
ground- plane connections.

Note that Q304-306 are mounted
with their bodies about 4mm from the
board.

Take special care when you're fitting
the two MOSFETs, Q301 and Q302.
These are both the BF981 device,
which is in a mini ‘pill’ package with
four leads coming out of the sides.
These need to be bent carefully at right

ut RF stage is here at upper right,

with the bandpass filter box to its left and the transmit RF driver stages further left again. The VCO shield box is visible at
lower left, and the IF stage at lower right. Note the orientation of the trimmer caps and coils.

Text and illustrations courtesy of Electronics Australia
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C328 irimmer caps. These two caps are soldered to the
track (under) side of the board.

Uy,

D

/

’5/%

L/

RN

S

Gy,
.

11PN

e
o

. %
| G 8% o

g, %Z %,
L . 7
T 4 o g W é |

Keep leads as short as possible.

-angles, close to the body, so that they
can mate with the PCB holes. But note
that in the case of Q301, the leads are
bent down with the ‘label’ side facing
you, while with Q302 they must be
bent up. This is because Q301 mounts
on the board with its label side upper-
most, while Q302 mounts with its label
side down towards the board. Both of
these transistors mount right down
against the board.

How can you tell the correct orienta-
tion for Q301/302? Easy — the drain
lead is the longest of the four, and both
drains go towards the front of the main
board. So the drain of Q301 is the one
nearest 1302, while that for Q302 is
the one nearest R307.

Now you should be ready to wind
and fit the coils. These are all wound
using 0.8mm enamelled wire (#20
B&S, or #21 SWG). The number of
turns, direction of winding and former
diameter used for each coil are shown
in the table.
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A close-up of the receive input RF stage, io guide you further during assembly.

Text and illustrations courtesy of Electronics Australia

8-RF Section Parts List

Resistors (All YaWatt) C304  .001UF (CEramiC).......ccceeeveeeereeen 0 334  .001uF (CEramic)........... O
R301 3K9 (org-wht-red)........ccccccevueen. o C305 15pF (ceramic).....coevvierncecn, 0O G335 18pF (ceramic)......ccovvvveveninvennns ]
R302  2K2 (red-red-red)........ccceuenn, 0 C806  20pF (irimcap)(RedorPink)..0 C336 22PF (CEramic).......coeumerrcecuennne. O
R303 47 (yel-vio-blK) .cccoeverriiinnn, 0O C307  15pF (ceramic)....cveececernenen, O ©337  .001uF (ceramic)....cccceevcricruenn O
R304 100 (brn-blk-brn)......ccoecurreernns 0O ©308  20pF (trimcap)(Red or Pink)...0 €338  .001uF (Ceramic)........ccocevuuennee O
R305 100 (brn-blk-brn).....coceeeeeeueenee. o C309 15pF (ceramic).....cccccveeereeenene, | .
R306 47K((yel-vio-org)). ...................... O ©310  20pF (irimcap) (Red or Pink)..0  Semiconductors
R307 47K (yel-vio-0rg)....ccoeevererennee O G311 15pF (ceramic)......coceeececcucncnns O D30t 1N914 (diode) .everveevrereirecenees O
R308 100 (brn-blk-brn)......cccoevereuencn. 0 C312  20pF (trimcap) (Red or Pink)..0 D302  1N914 (diode) ..coovvnirverninnens O
R309 47K (Yel-Vio-0rg)..ccveereereeerenene o G313 22pF (ceramic).....coovvceeecreeene D303 MI301 (diode)....cccerverirriirninnnnn. O
R310 100 (brn-bik-brn)......cccceeecveennes O C314  .001uF (ceramic) D304  MI301 (diode)...cceerrecureciricirinen, O
R311 10K (brn-blk-0rg) ..cevcueeerecnia O ©C315  .01uF {(ceramic)....ccoerrveruenenes Q301 BF981 (transistor)....c.cccecevvenees O
R312  2K2 (red-red-red) O €316  .001uF (ceramic) Q302 BF981 (transistor)  .....ccccccce. |
R313 100 (brn-blk-brn)... [0 €817  .001uF (ceramic)......ccocvruerencne. O Q303 28C1923 (transistor)....c.cee...... O
R314 100 (brn-blk-brn).. 0O €318  .01uF (ceramic)....cccoeereeerucnnnnns, [0 Q304 28C1923 (trasnsistor)............... O
R315 100 (brn-blk-brn)... O ©319  .001uF (ceramic)....ccocoeeeecnces O Q805 28C2407 (transistor)......c.ccce..u. O
R316  2K2 (red-red-red). .0 €320  10pF (ceramic)......ccoomnereurunenn. 0o L307 10MA (coil) .0
R317 100 (brn-blk-brn)... O €821 .001uF (ceramic)...c..ccceevruencnne. O
R318 100 Ebrn-blk-bm;.. O ©322  .001UF (CEramic)......oewwmn 0 Ha’d‘"’a’e.
R319 1K (brn-blk-red) .... ..o €323 20pF (trimcap) (Red or Pink)...O 3 X Pcb pins..ccocvinieeiiiiicece O
R320 1K (brn-blk-red) ... .0 ©C324  82pF (ceramic)............cccooo O ;m 1X00-'§mm En/copper wire EE']
R321 1K (brn-blk-red) ... .0 €325  .001uF (ceramic)......ccoevevrenne. O <X 10pF ceramiC Caps.............oocevenvensenes
R322 100((brn-blk-bn?1),_ .0 €326  .001UF (CEramic).....ccomween o (see RF Section PCB overlay)
R323  2K2 (red-red-red). ..o €327  .001uF (ceramicC).......ccceveruruennnne O
R324 100 (brn-blk-brn)....c.ccccvevrueneee 0 €328  20pF (trimcap)(Red or Pink)...]
. C329 68pF (ceramic)........cccceeeeeeene. O

Capacitors C330  22pF (CEramic)......ccceeeecerernnne O
C301 60pF (trimcap) (Brown)........... O €331 20pF (trimcap) (Red or Pink)..d
C302  20pF (trimcap) (RedorPink). .0 €332  .001uF (ceramic).......ccceveueeeunee O

i.CBOS .001uF (ceramic)......ccceverrennee. [0 €333 22pF (ceramic)......ccceevcurceennnene O

Take special care when winding the
coils, as the-single most common cause
of trouble with previous transceivers
and similar RF projects has been mis-
takes in coil winding. Use the shank of
a 1/4" drillbit as a former for L303-
306, and that of a 1 /8\Ldrill for the rest.
It is very important to use the exact
diameter (i.e., a 1/8" drill, not 3mm or
3.5mm).

Similarly all coils should be close
wound — 1.e., the turns must be wound
tight against each other. You’ll find ita
lot easier to do this if the wire has been
‘stretched’ slightly, before winding. I
do this by cutting off a length about a
metre long at a time, clamping one end
in a vyce and gripping the other with a
pair of stout pliers. I then pull until the
wire stretches a bit — making it both
straight and stiff for convenient close
winding.

To clarify the winding terminology,
the description ‘3-1/2 turns’ means that
the coil has three whole turns, from the
start point to the end, and then a fur-
ther half turn, so that the legs of the

coil both face in the same direction. So
if you count the number of turns of
such a coil from the top, there should

be four, but from the bottom there will-

appear to be three.

Don’t forget to follow the specifica-
tion for the direction of winding —
note that 1302 is wound in a clockwise
direction, while the rest are wound
anticlockwise. This is important if the
coil legs are to mate with the corre-
sponding PCB holes, with each coil
aligned in the correct direction as
shown on the overlay diagram (and
visible in the photos).

It’s a good idea to scrape the enamel
insulation from the legs of each coil
with a hobby knife, after it is wound
and while it is still on the shank of the
drillbit former. This avoids distorting
the shape, but makes the coil ready for
soldering into the PC board.

The coils for the bandpass filter
(L303-306) should sit about 4- 5mm
above the board, so that their axes will
be roughly midway between the PCB
and the lid of the shield box when it is

COIL WINDING DATA

No.of Former Winding Locations

turns: diameter: direction: on PCB:

512 14" cow L303, L304, L305, L306
1-12 1/8° cow L310

5-1/2  1/8" cow L312

3-12 18 cowW L301

4-1/2 18 cow 1308, L3089, L311

g8-1/2 1/8" cw L302

All coils are wound with 0.8mm diameter enameliled wire (#20 B&S, #21 SWG).

Text and illustrations courtesy of Electronics Australia

fitted. All of the other coils should sit
closer to the board — roughly 1mm or
so above it. L

Only one coil has an earthed end,
which needs te be soldered to the PCB
ground plane. This is L301, and you’ll
need to scrape back one of its legs fur-
ther than for the other coils, to allow
the joint to be made.

The final step in assembling the RF
section is to fit the three PCB terminal
pins, along the rear of the board. These
are for the “TX12V’ connection along-
side L311, the ‘TX-RF’ connection
alongside L.312 and the ‘RX-RF’ con-
nection alongside C301/302.

With these fitted and soldered in,
your RF section should be complete
and ready for testing.

Testing, testing...

Here is the testing procedure for this
section of the circuit:

1. Reconnect the speaker and the 13.8V
DC supply, and if possible connect a sig-
nal generator tuned to 147.000MHz to
the RX-RF input (earthy side to the
ground plane). If you don’t have access
to a signal generator, connect a 2-metre
antenna instead. Then check that the
‘PTT’ pin near the front of the main PCB
is disconnected from ground (so that the
transceiver will be in ‘receive’ mode),
and turn on the power.

2. If you're using a generator, check that
the transceiver display indicates ‘70007,
showing that it is tuned to 147MHz. Oth-
erwise tune the transceiver onto a sirong
local signal (e.g., a local repeater, or a
second transmitter that is transmitting
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into a dummy load. The leakage from
such a load is usually enough to produce
a suitable signal level).

3. Now proceed to adjust all the trimcaps
(except C331), as well L307 for maximum
‘receive’ sensitivity (best signal to noise
ratio). Note that at this stage, the

maximum sensitivity for 12dB of quieting
will only be around 1uV (about 0.3-0.4uV

for 12dB SINAD), due to the incorrect
matching of the directinputto the RX-RF
pin.

‘4, If all seems well, turn off the power

and disconnect the generator or antenna

~ from the RX-RF transmitter input.

5. Now connect a sensitive wattmeter, or
SWR “meter that is able to indicate RF
power level in 100°s of milliwatts, with a
50-ohm load, between the TX-RF output
pin and ground. If you don’t have either
of these instruments, connect a small 2-6
volt (0.1-0.3W) lamp.

6. Temporarily connect the TX12V pin
o the +13.8V supply rail at the trans-
ceiver side of the on-off switch (on
R101), and connect the PTT pin to the
ground plane. Then re-apply the power.

7. Adjust trimmer C331 for maximum
deflection on the watts/SWR meter, or the
brightest glow from the lamp.

8. Adjust trimmers C323 and C328 for
maximum power and then adjust C331
again until all three trimmers are peaked.
The power output should be more than
150mW.

Once (€323 and C328 have been
adjusted for maximum power, do not try
to're-adjust them for maximum receive

»sensitivity. This is important as
maximum  power coincides  with
minimum harmonic content of the
driver stage.

Troubleshooting

If for some reason your unit doesn’t
check out according to the above tests,
check the following DC voltages:

RX ™

Q301 drain 6.0V 0V

source 0.3V 0OV

gatel ov 0oV

gate2 3.8V OV

Q302 drain 72V 0V
source 0.3V ov
gatel ov oV
gate2 0.3V 0V
Q303 base 1.2V 1.2V
collector 6.8V 6.8V
emitter 0.6V 0.6V
Q304 base 0.6V 0.6V
collector 6.5V 6.5V
Q305 base ov 0.6V
collector 0OV 13.0V

9. MIC PREAMP

This section of the circuit is that
covered by the schematic shown in Fig.5,
it comprises the mic preamp proper. plus
a simple dual-diode limiter and low pass
filter. The relatively small number of
components involved are all identified
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Another view of the RF amplifier and transmit driver stages, to help in assembly.

with a “5XX” number; they are fitted to
the main board very near its centre, and
just to the right of the VCO/PLL shield
box.

As before begin assembly with the
low profile resistors and diodes, and
work through the capacitors to the
deviation trimpot R512 and the transis-
tors. Take the usual care with the
polarised components — here C503,
D501-502 and the three transistors.
Also make sure you don’t confuse the
PNP transistor Q503 with the other
two, which are both NPN types.

Be careful when fitting trimpot
R512, as a number of different brands
may need to be supplied by DSE, ac-
cording to availability, and the leg
shape and configuration may change
between different manufacturers.
Make sure that none of the trimpot legs
touches the ground plane on the com-
ponent side of the PCB. If it looks as if
this could happen, then either trim the
leg(s) with sidecutters, or use a 4-8mm
drill bit to increase the ground plane
clearance around the PCB hole(s).

Note too that some of the com-
ponents have one lead soldered to the
PCB’s top ground-plane copper as well
as underneath, just as in previous sec-
tions of the circuit. Don’t forget to
make these top joints, but at the same
time take the usual care not to overheat
the components when you’re doing so.

There are two PCB pins to be fitted
for this circuit section: those for the
‘mic input’, just to the front of
C501-502. The earthy pin is that
nearest the VCO/PLL shield box,
and this must be soldered to the
top ground-plane copper.

That’s really all there is to assem-
bling this section. But before you can
fire it up for testing, you’ll need to

make a temporary connection between
the microphone socket and the ‘mic
input’” PCB pins on the board, just
fitted. Do this with a shielded cable
about 200mm long. Use audio cable
and not true RF coaxial cable, which
has a tendency to be microphonic at
audio frequencies. In addition, audio
cable tends to attenuate RF more than
true coax, and this is desirable for a
transmitter’s microphone lead.

Testing the preamp

1. Connect a modulation meter or 2m

FM receiver to the TX-RF output at
the back of the main board. Do not
connect the ‘TX 12V’ positive
supply for Q305 at this stage,
though. If it is still connected
from testing the RF driver
stages, disconnect it before turn-
ing on the power. Otherwise,
your meter or receiver front-end
could easily be damaged by the
driver’s output. We’re going to
perform this section’s tests
without Q305 powered up, for
safety. Enough signal leaks
through the umpowered stage to
allow this to be domne.
If you’re using a receiver, it might
be a good idea to make sure you
don’t overload its front end by
using an adjustable RF attenuator
(say 20-100dB) in series with the
input connected to TX-RF. Other-
wise use a small series capacitor —
say less than 5pF.

2. Connect a microphone, apply the
+13.8V power and ground the
PTT line — either via ‘the
microphone switch, or via the wire
link used previously.

3. Using a normal level of speech, ad-
just R512 for a deviation of about
3.5kHz as read on the deviation

Text and illustrations courtesy of Electronics Australia

9-MIC Pre-Amplifier

. .

9-MIC Pre-Amplifier Parts List

Resistor (All aWatt)

R501 100K (brn-blk-yel)
R502 5K6 (grn-blu-red) ...
R503 100K (brn-bik-yel) .. .
R504 560 (grn-blu-brn)....cccoviiiiini
R505 15K (brn-grn-org) ...ccocvvvveeveeecicenn.
R506 22K (red-red-org)...
R507 39K (org-wht-org)...
R508 100K (brn-blk-yel)
R509 56K (grn-blu-org)
R510 56K (grn-blu-org) ...
R511 330 (org-org-brn)
R512 10K (Trimpot)....cceeeeens
R513 15K (brn-grn-org)
R514  1K5 (brn-grn-red)

bDboooooooooboo

Capacitors

C501 .001uF (ceramic)
C502  1.0uF (monolythic) ...
C503  33uF/10V (TANT)
C504  270pF (ceramicC)......cccveveeenvensninnnnns
C505 .0022uF (ceramic)...
C506  33uF/10V (TANT)
C507  .1uF (ceramic)

Ooboooo

2

Semiconductors

D501  1N4148/1N914 (Diode)..ccovivcrnnrns O
D502  1N4148/1N914 (Diode).. |
Q501 BC548 (Transistor) ..... .0
Q502 BC548 (Transistor) ..... .0
Q503 BC558 (Transistor) ...cccvevveecinenens O
Hardware

20cm x shielded audio cable ....cooieiininnns (m}

Text and illustrations courtesy of Electronics Australia

o o i o

meter. If you're using a receiver,
adjust R512 until the modulation
level is comparable with other FM
signals on the 2m band.

Troubleshooting
In the fairly unlikely event that you
weren’t able to carry out the above
test, because there isn’t any modula-
tion, here are the suggested
troubleshooting steps:
1. Check for the following DC vol-
tages:
Q501 collector 1.2V
base 0.6V
Q502 collector 2.2V
emitter 0.6V

base 1.2V
Q503 emitter 4.2V
base 3.6V

D501 anode 3.6V
cathode 3.0V
D502 anode 3.6V

2. If the above voltages seem OK,
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connect an audio generator to the
MIC input, set to about 1kHz and
with an output of 1mV RMS. Then
check the voltage gain of the over-
all preamp circuit with a CRO or
audio millivoltmeter, by comparing
the signal at the emitter of Q503
with that from the generator. THe
gain should be about 50dB (i.e.,
around 300 times).
If you increase the input signal to
around 2mV RMS, the limiting ac-
tion should start to become evident.
The maximum signal level at the
emitter of Q503 should be about
2.5V peak to peak.

3. If the foregoing tests suggest that

the preamp itself is working cor-
rectly, check that the modulating
signal is present at the collector of
Q402 (in the VCO/PLL shield box).
The level here should be around
30mV for an input signal of 2mV.
No signal here would suggest a
problem associated with trimpot
R512, resistors R513-514 or cou-
pling capacitor C403.

10. S-METER & ALC

All going well, you should now be
ready to tackle the next section, which
includes the S-meter and ALC drive
circuitry.

The schematic for this section was

shown in Fig.10. Its components are all
coded “6XX” and they again mount on
the main PCB near the centre - between
the mic preamp just completed, and the
receiver audio amp section.
" As before it’s a good idea to start
with the low profile resistors and
diodes, then the capacitors and trim-
pots and finally the transistors.

This time there are six trimpots, and
as before it’s important to make
sure that their legs don’t contact the
ground plane of the PCB — unless
they are meant to be soldered to it,
as is the case with R603, R613
and R616.

Take the usual care with orientating
the polarised components, of course.

Here they are the six transistors, the
five diodes D601- 605, and the two
tantalum electro’s C605-606.

Needless to say it’s also important
not to confuse the PNP and NPN tran-
sistors. The BC558 (PNP) devices go
into locations Q601, Q603 and Q604,
with the BC338 NPN device in loca-
tion Q606 and BC548 or similar NPN
devices in locations Q602 and Q605.

As before some of the devices have
earthed leads which need to be
soldered to the PCB groundplane cop-
per as well as underneath. These in-
clude diode D602 and transistors
Q603, Q605 and Q606; I suggest that
you use a small clamp-on heatsink to
prevent them from damage during the
soldering to the ground-plane.

There are four PCB pins to be fitted
to the board for this section, in the
holes marked FWD, REV (both near
D605), ALC and T8V (both near
Q605). If you still have a short length
of insulated wire connected to the
‘METER’ input on the front edge of
the main PCB (near C711), from your
previous testing of the display board,
cut this to an appropriate length and
use it as the link to the other METER
connection point, between trimpots
R606 and R607. It’s rather easier to do
this before you fit the two trimpots, by
the way...

Your S-meter and ALC section
should now be complete, and ready for
the only test we can easily do at this
stage:

Testing the S-meter

1. Adjust R603 to its minimum value
(fully anticlockwise) and R607 to
its maximum value (fully clock-
wise).

2. Connect an RF signal generator
o the RX-RF input, set for a few
microvolts. Otherwise connect to
an antenna, and tune for a sirong
signal.

3. Adjust R606 until the LED level
meter (display board) reads half
scale.

Note that final adjustment of the S-
meter really needs to be done

together with the ALC control
circuit, and the latter can’t be easily
tested or adjusted until the PA module
is assembled and connected — so more
about this shortly.

11. PA MODULE

At this stage your transceiver’s main
PCB assembly should be effectively
complete and operational, so that
you’re ready to tackle the final section:
the PA module. This mounts on a
separate small PCB, which mounts
vertically at (and on) the rear of the
case.

The schematic for the PA module was
shown in Fig.9. The components for the
module are all coded “8XX”

A difference between the PA module

eand the rest of the transceiver is that

here virtually all of the components are
mounted on the ‘track’ side of the
PCB, except for the PCB pins used for
the connections to the main board and
antenna socket. These are mounted
from the ground-plane side.

The key component of the PA
module is the M57737 hybrid power
amp (U801), which actually mounts on
the PCB ‘upside down’, with its metal
heatsink flange/mounting plate upper-
most — so that it can make good ther-
mal contact with the metal rear panel
of the transceiver case, and the finned
radiator.

Two long machine screws are used to
clamp the PA module PCB and U801 to
the rear panel/radiator, so that ultimately
it is the rear panel which supports the
overall assembly inside the case. To
facilitate this mounting arrangement, two
8mm-long brass spacers (4x4mm spacers
are supplied, need to solder 2x4mm
spacers together), are used to provide a
solid mechanical link between the flange
of the M57737 and the PA module PCB.
These spacers are soldered to the copper
on the track side of the PCB, so that they
are concentric with the holes for the
power amp’s mounting SCrews.

As soldering these spacers to the
board involves a fair bit of heating, it’s

A close up of the track side of the PA module board. Virtually all of the components are mounied on this side, as you can
see. Note 1oo that the amplifier module U801 (top right) effectively mounts ‘upside down’, with its heatsink uppermost.
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10-S-meter & ALC Circuit Paris list

|Resistors (All 1 Watt)

R601 220K (red-red-yel) .....ccoovveeneecenenns
R602  2K2 (red-red-red)....
R603 200 (trimpot)
'R604 100K (brn-blk-yel)
'R605 1K (brn-blk-red)
R606 100K (trimpot)...
IR607 100K (trimpot)...
{R608 10K (brn-blk-org)
iRSOQ' 100K (brn-bik-yel) ...
'R610 10K (brn-blk-org)
'R611 10K (brn-blk-org)
IR612 5K (trimpot).......
R613 50K (trimpot).....
'R614  4.7K (yel-vio-red)
R615 100K (brn-blk-yel)
R616 10K (trimpot)...cceeverrvirenriiniriineies

Capacitors

C601 .01uF (ceramic)
C602  .01uF (ceramic)....
C603  .01uF (ceramic)
C604  .01uF (ceramic)

ooooo

C605  10uF/16V (tant)

bbbbbobboboobbooo

C606

TOUF/16V (tant)......ccceeeeccins e m]

Semiconductors

D601  1N4148/1N914 (Diode)..... O
D602  1N4148/1N914 (Diode).. |
D603  1N4148/1N914 (Diode).. |
D604  1N4148/1N914 (Diode) O
D605  1N4148/1N914 (Diode) O
Q601 BC558 (transistor) .0
Q602 BC548 (transistor) ... .a
Q603 BC558 (transistor) ... |
Q604 BC558 (transistor) ... .0
Q605 BGC548 (transistor) ... .0
Q606 BC338 (transistor) ... O
Hardware

4 x pcb pins

1x 9cm H/up wire

Text and illustrations courtesy of Electronics Australia

important to do this before mounting
any of the other components, so that
they aren’t damaged during the
process.

With this soldering operation com-
pleted, the assembly of the rest of the
PA module’s components can proceed
in the usual way. As usual, it’s probab-
ly easiest to start with the low-profile
components first — the resistors and
diodes. At this stage it’s also easy to fit
the 10 PCB pins, which are pushed
through from the ground-plane side,
but soldered on the track side.

By the way, the fact that all of the
components mount on the track side of
the PCB calls for special care in
preparing their leads, and soldering
them in place.

In many cases they need to be bent
fairly sharply close to the body,
without causing strain, and then also
soldered close to the body to minimise
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lead length — again without damaging
the component.

Before mounting the capacitors,
trimpot and transistor, you should wind
and fit the coils. As before, the coil
winding details are shown in a separate
box, to guide you in getting them right.

Take particular care when winding
the coils. There are only five, but
they’re all fairly critical for correct
transceiver operation; so a litile
patience at this stage could save a lot
of trouble later on.

Note that coils L801 and L803-805
are wound with the turns close
together, but L802 is wound with a
spacing of about 1mm between each
turn. The total length of this coil is
therefore very close to that for L801.
All coils for the PA module are
mounted between 1 and 2mm above
the board.

With the coils wound and soldered to
the board, you can fit the capacitors,
trimpot R804 and transistor Q801.

As before, some of these com-
ponents have earthed pins which must
be soldered to both sides of the
board. Note that this applies to two
of the pins of R804, while the third pin
connects only to the track copper on
the side line of the directional coupler.
You may need to shorten this pin a lig-
tle, so that the pot can be mounted
squarely.

The hole in the PCB beneath R804 is
to allow its adjustment using a small
screwdriver or alignment tool, from
the ground-plane side, when the
transceiver is assembled.

Before mounting the pot, check that
this hole is of about 3mm in diameter
— it will be very difficult to drill it out
to this size once the pot is soldered in
place!

You’ll need to be especially careful

in mounting the ceramic capacitors, as
in many cases these have one lead
soldered only to the solder side, but the
other passing through a hole and
soldered to both sides.

And as both joints need to be made
as close to each capacitor body as pos-
sible, to minimise lead inductance,
you’ll need to break away the ceramic
flash from the leads very carefully by
squeezing with needle-nosed pliers.
Then scrape the exposed leads clean
with a small scalpel, to ensure that the
joint can be made quickly and with no
more heating than is necessary for
good ‘wetting’.

The final step is to fit the M57737
module, U801. This is done in the fol-
lowing way. First, bolt the device to
the board (upside down, of course)
using a pair of 3mm or 1/8" machine
screws and nuts, with the screws pass-
ing through the spacers.

Then form each of the wire leads of
the module into a tight ‘U’ shape, so it
is thicker than a single wire, and then
solder them to the board as directly as
possible.

This done, carefully remove the
screws, put heatsink compound be-
tween U801’s mounting flange and the
rear panel — and also between the rear
panel and the heatsink — and then
screw them all together with the
screws designed to mate with the
tapped holes in the radiator.

Needless to say, as you tighten up the
screws, it’s important to make sure that
the PCB, body of U801, rear panel and
radiator are all squared up correctly.

Mount the antenna socket to the rear
panel and connect its centre spigot to
the adjacent ‘antenna’ pin on the PCB
with a short but stout wire link —or a
short length of brass shim, 2-3mm
wide.

The earthy side of the socket should
also be bonded to the PCB ground-
plane copper, near the same pin. Then
strip two 60mm long PTFE coaxial
cables as in the small diagram —
removing 10mm of the outside insula-
tion, compressing the braid back to
about 2-3mm in length and stripping
5mm of the inner insulation — and
solder them to the TX-RF and RX-RF
connections of the PA module PCB, on
the ground-plane side.

The shield braid goes. to the ground-
plane copper, while the centre conduc-
tor connects to the pins. Solder one
60mm long wire to the TX12V point
and a five-wire ribbon cable about
250mm long to the 13V, FWD, REV,
T8V and ALC connection pins —
again on the ground-plane side.

Now you can fit the PA module
board assembly and the main board
into the case and solder the ‘other
ends’ of these cables to the main board.
The ribbon can be cut to length for a
neat appearance, but note that the
shield braid of both coax cables must
be connected to the ground-plane cop-
per of the main PC board.

Finally, you can introduce the
transceiver’s main 13.8V supply input
cable to the PA module board. The red
positive lead goes to the ‘13V8’ pin,
again on the ground-plane side, while
the black negative lead goes to the
ground-plane copper just near it.

Testing the PA
1. Connect a 50-ohm dummy load and
wattmeter to the antenna socket.
2.Adjust R804 to the centre of its
rotation, R612 and 613 on the main
PCB to their maximum value (fully
clockwise) and the rotor of R616
to its ground end — again, fully
clock wise.
3.Connect the 13.8V supply, in series

7

Here’s a shot of the central section of the main board, showing the mic preamp components at upper centre with the
S-meter/ALC section components below and to the left.
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11-PA Module

RX-RF

13ve

TX12V TX-RF

The PCB overlay/wiring diagram for the P.A module. Note that apart from the PCB pins, all other components are
mounted on the track side of the board. Coil details are shown seperately in a table.

R801
R802
R803
R804

C8o1
C802
G803
C804
G805
C806
c807
C808
C809
C810
c81t1
c812
C813
Cc8i14
C815
C816
C817
c818

Resistors (All 2 Watt)

1K (brn-blk-red).....ccoeoreiie
180 (brn-blk-brn).
1K (brn-blk-red)......cccocviivniiiciicniene
00 (EriMPOL) ceveeereeeeeeee e

Capacitors

.001uF (ceramic)..
22uF/16V (tant)....
.001uF (ceramic)..
.001uF (ceramic)
.001uF (ceramic)
22uF/16V (tant)....
.001uF (ceramci)..
18pF (ceramic)
39pF (ceramic)
5.6pf (ceramic)
56pf (ceramic)...... .
56pf (Ceramic).....cccvvvereierenieciiiecceieeee
.001uF (ceramic)......cccoceviineciiniieciienes
12pf (ceramic)......
.001uF (ceramic)..
1pF (ceramic)......
3.3pf (ceramic).....

Semiconductors

D801
D802
D803
D804
D806

11-PA module Parts list

1N5402 (diode)
MI301 (diode) .0
MI301 (diode) [m]
1N4148/1N914 (diode) ....ccceveeeernceecnnene [m]
MI1407 (diode) (see Note 1)

Q801 TIP32 (transistor) ....cccccceeereciieeeeeieeeee O
U801 MB7737 (IC) e m]
Hardwares

10X PCO PINS o O
4x 4mm brass SPacers.........ccccvceveeveeiiienns O
TX  M3XEMM SCrew ......c.ooviieieiiriieceeerreeee O
TX M3 NUEHEX (oot O
1x Heatsink ..o O
2x (V8" X %4") SCreWS....oeeceeeeveeeeeeeree e O
UHF PNL socket.......cccceviiniiencncenn. G0
Pre-punched Aluminium Rear Panel ................. O
Supply Input Cable (red & black).......cceceeereeenne O
EN/CU wire 20G Y2 ..oviiviiien e O

2x 6cm teflon coax cables......ccooveieeiiiiines O
H/UP WIF@ .o )
PCB b0ard ... O
SIliCON Grease......covceiiiiiriecee et O

.001uF (ceramic)..
I!C819 L00TUF (CEramicC) ....occuvecerncrererenteecericccnina e

#*NOTE 1.Two MI402 or MI308 Diodes in parallel
or one Mi407 diode.

with a DC ammeter set to a range of
at least 10 amps FSD.

4 Connect the PTT pin to ground,
either via the mic PTT button or a
wire link,The wattmeter should in-
dicate between 30-35 watts, while
the current drawn from the power
supply should be about 6-7 amps.

5.Adjust trimpot R612until the ALC
circuit reduces the waitmeter
reading to 25 watts. The ammeter
reading should also fall, to
around 5 amps.

6.Now release the PTT button or
remove the link, and select low
power by pressing the ‘LOW’ key-
board button.

7.Close PTT line again, and this time
adjust trimpot R613,for an output of
5 watts as read on the wattmeter.

8.Switch off, select high power again
and connect a DC volimeter be-

tween the ‘REV’ line, at its PA
module PCB pin, and ground. The
meter positive should go to the PCB
pin, and negative to ground.

9.Now close the PTT again and adjust
R804 on the PA module (using a
small tool via the access hole) for
minimum reading. If you are get-
ting a reading of zero over a fairly
wide range of adjustment from one
end of the trimpot to a certain point,
adjust the trimpot to that point.

10. Adjust trimpot R616 so that the
current from the power supply is
approximately 3 amps when the antenna
outputis either disconnected or shorted to
the ground, with the PTT activated. Note
thatthis adjustment should be carried out
in periods of no more than five seconds,
with longer stand-by periods, to prevent
overheating and damage to U801 (they’re
quite expensive!).

Text and illustrations courtesy of Electronics Australia

11.Adjust trimpot R607 for a ‘full
scale’ reading of the front-panel
LEDs (i.e., all on) when the PTT is
activated with the transceiver in
high power mode.

12.Select low power and verify that in
this case only about four LEDs
come on when the PTT is activated
(a power ratio of 1:5 corresponds to
a voltage ratio of around 1:2.3).

Troubleshooting the PA

All troubleshooting of the PA
module should be carried out with the
transceiver connected to the dummy
load and wattmeter, and with an am-
meter connected in series with supply.

Note that the supply current should
not exceed 10 amps and the tempera-
ture of the heatsink radiator should not
exceed about 80°C for any significant
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A close up of the antenna connector end of the PA module, when the latter is
mounted inside the case. Also visible are the coax connections to the main PCB.

time. If necessary, turn off and allow
everything to cool before continuing.

If while troubleshooting, it is neces-
sary to work on the track side of the
power amplifier PC board, attach the
power amplifier module to a large
heatsink, using two bolis through the
module’s mounting flange.

By attaching the module to one
corner of the heatsink, the rest of the
components on the PCB will be easily
accessible.

If the current exceeds 6A, all testing
should be carried out in short periods
of five seconds, or less, with longer
(more than 20 seconds) stand-by
periods with the transceiver in receive
mode (PTT released).

By observing these precautions you
should avoid damaging the expensive
power amplifier module.

Basically, there are two main kinds
of problems that are likely to arise:

a. Low or zero power output, and low
supply current.

b. High supply current, but little or no
output.

For the first kind of problem, and
assuming that the supply current is
roughly proportional to the output
power, the PA stage itself is probably
OK, and the fault is likely to be due to
low drive or a fault in the ALC cir-
cuitry.

As a guide, the efficiency of the PA
should be about 50%. The rest of the
low-power circuitry draws about 1A,
so that if you subtract this figure from
the total supply current, and multiply
this by 13.8V, you’ll have a close es-
timate of the DC power input to the PA
stage.

So if for example the total supply
current is 4.7A, this means that the PA
is drawing about 3.7A; 3.7 multiplied
by 13.8 gives around 50 waits input.
So if the RF wattmeter reads 25W, this
would mean a PA stage efficiency of
50% amps.

These are the kind of figures you
should expect, and if the power output
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is low, a PA efficiency of around 50%
would tend to confirm that the trouble
is elsewhere — either in the driver
stages around Q304-305, or the ALC
circuitry around Q603-606.

Here are some suggested further
tests, to assist in tracking down the
cause of low drive:

1. Check the RF drive power available
at the TX-RF output from the main
board, as described in section 8 of
last month’s article (March). If the
drive was previously OK but is now
low, and the ‘TX12V’ supply to
Q305’s collector is also low, there
is probably a fault in the ALC cir-
cuitry (which includes Q801 on the
PA module PCB).

2. Measure the voltage on the collec-
tor of Q801. This voltage should be
close to 13 volts. On the other hand
the voltage on the collector of ALC
driver transistor Q606 (near the
front of the main PCB) should be
close to zero — or at least well
below 12V.

3. Check that the voltages on the
anodes of D603-605 are low. If any
of these are high, this will cause the
ALC circuitry to disable transmis-

PA MODULE COIL
WINDING DATA
Number of Winding Locations
turns: direction: on PCB:
8-1/2 cw L801
5-1/2 CwW 1802
3-1/2 cew L803,
1804,
L805 1

All coils are wound on a 1/8" diameter
former (e.g., the shank of a twist drill)
with 0.8mm enamelled wire (#20
B&S, #21 SWG).

sion. The cause of an inhibiting sig-
nal on one of the diodes should
be traced back through the relevant
circuits.

4. If the voliage on the base of Q605 is

low and the voltage on the collector
of this transistor is low also, the
problem will probably be around
transistors Q603-604. The base of
Q603 should be at about 6V, set by
the voltage divider formed by R611
(10k) and trimpot R613 (50k) con-
nected to the T8V line. The com-
mon emitter voltage of Q603-604
should be around 0.6V higher than
this figure.

Q603-604 basically compare the
‘FWD’ voltage at the base of Q604,
fed back from output voltage detec-
tor D804, with the voltage at
Q603’s base. If the FWD voltage is
lower than that on the base of
Q603, even by a very small amount,
more current will flow through
Q604 which, in turn, will supply
more base current to Q606 and
cause it to produce more conduc-
tion in Q801 — increasing the RF
drive and output.

5. If the foregoing tests still haven’t
revealed a fault, but it has become
clear that the ALC is throttling back
the drive and RF output, this may
be because you have inadvertently
swapped C816 and C817. This
would make the ‘FWD’ detector
output higher than it should be, for

68 mm LONG 2-Ymm 0D
S8 0HMS PTFE CORX

W REMOVE 18 mm OF INSULATION

PUSH BACK THE BRAID
TO 2-3 mm

=522
ij_ STRIP 5 mm OF INNER
5 INSULATION
N

~S—— SOLDERED TO THE PCB PIN
<<— SOLDERED TO THE GROUND PLANE

This diagram shows how o prepare the ends of the short PTFE coax cables used
to carry RF between the main board and PA module.

Text and illustrations courtesy of Electronics Australia

a given output, and hence the ALC
circuit would attempt to reduce this
‘excessive’ output.

Now let’s look at the other kind of
possibility, where your problem seems
to be excessive current drawn from the
DC power supply, with little or no RF
output.

Here the fault is probably in the out-
put circuitry between PA module U801
and the antenna socket. Things to help
track down the cause of this kind of
problem are:

1. If the T8V line is active (transmit
mode) and has the correct +8V, the
DC voltage on the anode(s) of D806
should be about 1V, while there
should be about 0.5V on the anodes
of D802- 803. Any lack of these
voltages, if +8V is present on the
T8V line, indicates a short circuit
(e.g., a solder bridge) to ground in
the low pass filter circuitry around
L803-804 and L.805.

2. The RF signal in the PA output cir-
cuit can be followed with an RF
diode probe, providing it uses RF
diode(s) having a reverse break-
down voltage rating of at least
150V. But note that the RF voltage
will not register the same at all
points along the low pass filter, due
to the changing impedance levels
along the filter.

12. FINAL ADJUSTMENT

If you have been able to align each
of the transceiver’s circuit modules ac-
cording to the foregoing description,
your transceiver should now be very
close to its final adjustment.

However there are a few last ‘fine
tuning’ steps needed to make sure that
it’s giving optimum performance.

Firstly, check the PLL voltage at
R424 o see that it is varying smoothly
as the channel selector is varied from
one end of the band to the other (refer
to testing step 8, in section 5,

It should not drop below 1.0V, nor fly
above 4.0V, at any frequency within the
band. Also, check to see that it does not
vary significantly when the PTT is
switched between receive and transmit.

In addition, check that the PLL stays
‘locked’ over the full range, on receive and
transmit, by monitoring pin 10 of U401. A
logic Tow (close to 0 volts) indicates that
tha PLL isin lock while a logic high (close
to 5 volts) indicates a problem.

If there appears to be any fault with
the PLL, this must be resolved before
attempting to complete the final align-
ment. For more information on PLL
troubleshooting, refer back to sec-
tion 5,

Assuming that all appears well with
the PLL, tune the tranceiver to a weak
signal or use a signal generator to
proceed with the final receiver align-
ment.

Peak the trimcaps in the front- end
RX amplifier (C301, C302), and

the bandpass filter (C306, C308, C310
and C312). Also check the peaking of
the two IF coils L307 and L201. If
necessary adjust the discriminator coil,
L202, in the IF amplifier for centre fre-
quency (minimum receiver distortion).

This completes the final alignment.
The transmitter stages should require
no further adjustment.

Your transceiver should now be com-
plete, although you may need to add
the final touches if you haven’t done
these already: fitting the microphone
socket to the front panel (see connec-
tion diagram), hooking up the CPU
backup battery leads to the pins on the
main PCB just to the front of Q901
(the + lead to the pin nearest Q901),
mounting the speaker into the top of
the case and then screwing everything
together.

POSSIBLE MODS

On one of the prototypes, it was

noted that the transceiver’s ALC cir-
cuit was disturbed by radiation from a
nearby antenna.

The antenna was a dipole about half
a metre away from tranceiver. With
full power output the power suddenly
dropped down.

If this occurs, solder a 1uF tantalum
capacitor, in parallel with a 1nF
ceramic, between the base of Q604 and
ground. The same filtering should be
added between the anode of D605 and
ground.

Further protection against possible
disturbances due to stray RF should be
gained by painting/spraying the inte-
rior of the transceiver case with con-
ductive paint, and connecting it to the
main PCB ground-plane. -

If the VCO-PLL seems to exhibit any
microphonic effects, these should be
eliminated if the VCO components are
sealed in wax.

A general view inside the completed transceiver. Note that the PA module board
mounts vertically at the rear of the main board with two 3mm machine screws
clamping it and U801 to the rear panel and heatsink radiator.

Text and illustrations courtesy of Electronics Australia
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Fuse holder assembly

Fuse holder (Male section) Fuse holder (Female section)

\

\ Sprs\ Fuse

Cro e (T 6 IR E——

N/ )

Positive iead
Solder leads to metal washers.

Note: The inline fuse holder is placed in series with the positive lead of the input power

cable.
The above diagram shows correct assembly details and placement of each item.

Below is a diagram showing the completed fuse holder and how it sits on the power
cable. (Do not cut the negative lead).
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(Rear view)

—__SHIc

RV AupTe
PTT

Connection details for the microphone
socket. These connections should suit
most standard microphones.

Text and illustrations courtesy of Electronics Australia

|
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|
|

suit 18" screw

e TrrrrarrIa ¢— Rear panel

|
|
|
\ Threaded holes to"i
|

R rsrsss/) RN

HTH ﬂ']<—— Spacer (2x4mm spacer soldered together)
B.I]IL y - A S A 11_---7:1:Ilzlﬁl4—-P.AmOdU|€board

34— Screw ¥%4"xs"
[}

Fig.11 Mounting of the heatsink, rear panel, IC, spacers and PA
module board.

Main P.C.B.

AENGERERENEERENRRY

- ——— e —-—— g -

i

Front panel
—EE —J B .
Display board

Fig.12 Top view of the front panel, CPU and display boards.
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Fig.13 Wiring layout for front panel, display board, CPU board and
the main board.
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1.Plastic type.

Socket for ext. speaker.

2.Metal type.
D

Fig 14. Wiring layout of rear panel, P.A module board, main board
and speaker.

NOTE: You may be supplied with either a plastic type or
a metal type. These are both equivalent and work equally

well.

13.8VDC

In line fuse holder.

- b—

®  Aluminium rear panel

t_ P.A module board
@ZA 1416

DSE © 1990

- Solder lug to
ground.

)

This  symbol #
means solder
the braid of the
coax cable to
the ground
plane.
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K 6400 VHF 2M TRANSCEIVER 7

Constructors Please Note

1) General: When constructing this kit, it is important that all

components (unless specified otherwise in the instructions) are
mounted as close as possible to the board, refer below for some

examples.
’ I -
AD

v v /# ——w v

v v W A A 4

<

" 2) General: After mating both main and CPU PC boards, it will be
required that the four pcb mounting holes on the main board are
to be re-drilled so that they will 1line wup with the cases
mounting moulds.

\\\V/3) RF Section: Add a 1lnf (0.00luf) chip capacitor between the
source of 0301 and ground plain and add another 1nf(0.001uf) chip
capacitor between the gate of Q301 and the ground plain. Both of
these addition are done on the component side of the board. As
the chip capacitors are very small, special care will be required
when trying to solder these components. A fine point tweezer
will be required to help insert these two chip capacitors.
Lightly tin the ends of the chip capacitor with some solder (a
fine point soldering iron tip would be useful at this point).
Also lightly tin the four mounting points on the main board (e.g.
source of 0301 and ground plain, and the gate of Q301 and ground
plain). Then carefully pick up the <chip capacitor with the
tweezer and place it on its mounting point. While you are still
holding down the capacitor with the tweezers, gently solder down
each end . Be very careful here as too much solder can provide a
short «circuit. Because the chip capacitors are very small and |
may be a little difficult to insert, you have been supplied with
two extras, just in case something has gone wrong. *

— Inf chip capacitor
/\ /Grodnd plain
U v v
0301
RF shield

S Pagel —— [—



4) PA Module: It 1is suggested that extra spacing

. is needed
between the mounting arrangement of U801 and the

rear panel.

Waiher
Washer soldered
- l_U' - to the two 4mm
&
a a spacers.

4dmm spacers

3

When soldering together the two 4mm spacers (to make the required

spacing length) an extra washer will need to be added in between
them.

/
/

5) PA Module: Before you commence construction of the PA module
PCB you will first need to cut and remove the short track running
between the pads for C819 and C813 (see below).

Cut and remove this track. _ R

Then vyou will need to solder a schottky 5082-2800 diode between
the pads now separated by the removed track, so that the cathode
of the schottky diode is soldered to the pad which connects to
the REV pcb pin. Also another schottky 5082-2800 diode will need
to be soldered between the pad holding the anode of the first
schottky diode, and the ground plain, such that the cathode of
this diode is soldered to the pad of -the anode of the first
schottky diode. (see overlay below).

=

2 x schottky 5082-2800 diodes .| z R

S Page 2




6) PA Module: Precaution must be exercised when handling the
M57737 PA module (U801): a) Do not drop the module onto a hard
surface as it will be damaged by the mechanical shock. b) Ensure
that no foreign objects are between the module fin and the back
panel and heatsink when the mounting screws are tightened.
Excessive stress created by screwing the module to an uneven
surface may crack the substrate and damage the module and c) Do
not over tighten the mounting screws. The module should be held
firmly against the back panel but overtightening will create
excessive stress.

7) PA Module: Add 1nf/0.00luf ceramics capacitors between each of
the following PCB pins and ground plain.

. ALC

1

2. T8V
3. REV
4. FWD

\\\f8) General: Wrap all the leads connecting to the Mic socket

through an iron powder toroid (grey) as many times as possible
(about two turns) see picture below.




i
|
i

+9) General: Wrap the power cable leads, also through an iron
powder toroid (one turn) on the outside of the case, close to the
back panel. Sleeve with heatshrink.

10) General: Fit small ferrite beads over the 5 PCB pins on the
main board which have wires connecting to the PA module at the
following points:

1. 13v

2. FWD

3. REV

4, T8V Wire connections
5. ALC

Ferrite bead
over PCB pin

Ferrite bead - - Main PCB
(small black)

= + +
3 4rm © F2mm

G

i ) R .

%XK\J 11) General: Fit small ferrite beads at the main board where the

five wires from the mlcrophone socket are connected. (refer to
the wiring diagram 1in the instruction manual). 1In the case of
the shielded mic cable and the PTT line, the beads can be fitted
over the PCB pins. For the UP and DN lines the beads must be
fitted to the wires that solder directly to the main board.

Connecting wire

Ferrite bead

Main PCB

Page4_m.__.._,.. . S [ B - e



2) General: Wrap the speaker leads through
many times as possible at the main board,
the back panel and at the speaker itself.

the speaker socket on

[

Ferrite core

| 4+

: EI 9.5mm@ 'LSmm
| T T

-

Smm

a ferrite

core

as

Y
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13) General: Fit Inf/0.001uf ceramic caps underneath the main
board (track side) at each of the following points to ground: a)
PTT PCB pin, b) 13v PCB pin, c) ALC PCR pin, d) T8v PCB pin next
to ALC PCB pin, e) Fwd PCB pin, and f) Rev PCB pin. Please refer
to the overlay of the main board track side below.
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14) General: Listed below are additional parts supplied which are
not listed in the main partslist of the instruction manual on
page 4.

Inf/0.001uf chip capacitors -—————-oee-- 4
Inf/0.001uf ceramic CapsS =———=m————————— 11
Schottky diode 5082-2800 =——————eeee___ 2
Iron powder toroid =----——-——-—me____ 2
Ferrite beads —====-o-oommmme 10
Ferrite core —-------- Sttt b bbb DD PR 3
Thank you

Dick Smith Electronics




Fuse holder ;,?SSG m,b,l‘y

Fuseholder(Malesectlon) o ‘ ~ Fuse hblder(Fgrhalé section)

Positive lead

Solder leads to metal washers.

Note: The inline fuse holder is placed in series with the positive lead of the input power

cable.
The above diagram shows correct assembly details and placement of each item.

Below is a diagram showing the completed fuse holder and how it sits on the power
cable. (Do not cut the negative lead).

(Rear view)
—Smic
up
ST
DN
Ry
ReLV AUDID
PTT
. Connection detalls for the microphone
- socket. These connections should suit

most standard microphones.




